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1
CELL SURVIVAL SIGNALS OF CYTOKINE RECEPTORS
Tak W. Mak, Advanced Medical Discovery Institute, Princess
Margaret Hospital, Toronto, Ontario

Apoptosis, or programmed cell death (PCD), is essential for the
regulation of many aspects of normal and pathophysiological
development.  Dysregulation of PCD can lead to pathophysiolog-
ical changes which result in either degenerative diseases (exces-
sive PCD) or autoimmune diseases and cancer (impaired PCD).
The process of PCD often occurs in response to specific ligands
or stress stimuli that either engage certain “death receptors” (e.g.
Fas, TNF receptor 1) or threaten the integrity of the genome
involving p53 (e.g. irradiation, chemotherapeutic agents).  A lack
of survival signals (e.g. growth factors) can also trigger the apop-
tosis of a cell.  On the other hand, activation of certain cellular
receptors such as growth factor receptors, cytokine receptors, or
antigen receptors can signal for cell survival. This can be
achieved by a combination of events which may include the
induction of nuclear translocation of the NFkB transcriptional
factor, up regulation of certain anti-apoptotic proteins like bcl-2
or bcl-xL or activation of the PI3 kinases or PKB/akt kinases.  In
order to understand the genetic programs of these apoptotic and
survival pathways, we have generated mice deficient in functions
of genes that are downstream effectors or can trigger pro-apop-
totic or anti-apoptotic events. 

2
FLUORESCENCE RECOVERY AFTER PHOTOBLEACH-
ING REVEALS HIGHLY TRANSIENT INTERACTION OF
IRF8 WITH CHROMATIN IN LIVE DIFFERENTIATING
MACROPHAGES. Leopolodo Laricchia, Tomohiko Tamura,
James McNally* and Keiko Ozato, Laboratory of Molecular
Growth Regulation, NICHD, * Laboratory of Cell Biology, NCI,
National Institutes of Health, Bethesda MD USA.

IRF8 is an immune system specific IRF member that plays a crit-
ical role in the development of macrophages and dendritic cells.
IRF8 induces macrophage differentiation in IRF8-/- Tot2 myeloid
progenitor cells and confers upon these cells the ability to
respond to IFN-γ / LPS.  Despite the pronounced biological
effects of IRF8, it has not been clear how this factor behaves in
the native nuclear environment to regulate transcription of target
genes.   By fluorescence recovery after photobleaching (FRAP)
experiments, we have visualized the movement of GFP-labeled
IRF8 in Tot2 cells. The majority of fluorescent IRF8 recovered
within seconds after photobleaching, indicating that IRF8 moves
very rapidly in the nucleus and binds transiently to chromatin tar-
gets.  However, a small fraction of IRF8 did not recover in time,
revealing the presence of a small pool of IRF8 stably bound to
chromatin. When cells were stimulated with IFN-γ /LPS, IRF8
fluorescence recovery was markedly delayed. These data demon-
strate that macrophage activation causes a global alteration in
IRF8-chromatin interactions.  In fibroblasts IRF8 recovered
faster than in macrophages, consistent with the view that there is
little interaction between IRF8 and chromatin in non-immune
cells. However, introduction of IRF8 partners PU.1 and IRF1 into
fibroblasts significantly slowed he movement of IRF8. Thus the
presence of a partner protein allowed IRF8 to interact with chro-
matin in fibroblasts. By another live cell technique, the bifluo-
rescence complementation, we were able to verify that IRF8
binding to chromatin in fibroblasts is dependent on a direct inter-
action with partner proteins.  Together, interaction of IRF8 with

chromatin is transient and depends on partner proteins in live,
developing macrophages.

3
OVERCOMING RESISTANCE AND AUGMENTING
CLINICAL RESPONSE TO ANTITUMOR EFFECTS OF
INTERFERONS (IFNS)  Ernest C. Borden, Center for Cancer
Drug Discovery and Development, Cleveland Clinic Foundation,
Cleveland, Ohio, USA. 

To enable IFNs to reach their full potential as therapeutics, inter-
feron-stimulated genes (ISGs) and their augmentation through
modulation of signaling and use of second generation IFNs are
being assessed.  Negative regulation of signal transduction occurs
in part through the tyrosine phosphatase, SHP-1.  An inhibitor of
SHP-1 has been identified that augments IFN-induced signaling
and growth inhibition in vitro and antitumor activity for a
xenograft melanoma in vivo.  Signaling may also be influenced
by transcriptional silencing by methylation of promoters of ISGs
or genes that mediate IFN cellular effects. Although resistant to
apoptosis induction even at 500 units, either 5-aza-2-deoxycyti-
dine or a phosphorothioate antisense oligonucleotide against
DNA methyltransferase 1 (DNMT1 AS), but not mismatch
oligonucleotide, resulted in marked apoptosis with only 50 units
of IFN-α2 or IFN-β in a renal cell carcinoma (RCC) in vitro.
DNMT1 inhibition resulted in reactivation of an apoptosis-asso-
ciated, tumor suppressor gene RASSF1A, expression of which
was further augmented by IFN-β.  IFN-α1b has been safely and
effectively used in China at low doses.  To confirm safety and tol-
erability, IFN-α1b has been further assessed at higher doses.
Sequential cohorts of patients received increasing doses.  No
patient was removed from study for an adverse event secondary
to IFN-α1b.  Even at 270 µg/m2, no patients had significant
weight loss or decline in performance status attributable to IFN-
α1b.  IFN-α1b augmented ISG expression even at doses as low
as 1.5 µg/m2.  One patient with metastatic RCC had a partial
response at 270 µg/m2.  Results suggest that second generation
IFNs can result in separation of biological response modulatory
and clinical activity from dose limiting side effects.  These
results, currently each now into Phase I and Phase II clinical tri-
als, typify ways being investigated to augment effects not only in
oncology but also immunopathologic and viral diseases. 

4
GROWTH FACTOR REGULATION OF LYMPHANGIO-
GENESIS AND TUMOR METASTASIS Kari Alitalo and col-
laborators Molecular/Cancer Biology Laboratory and Ludwig
Institute for Cancer Research, Haartman Institute and
Biomedicum Helsinki, P.O.B. 63 (Haartmaninkatu 8), 00014
University of Helsinki, Finland

Angiogenesis and permeability of blood vessels are regulated by
vascular endothelial growth factor (VEGF) via its two receptors
VEGFR-1 and VEGFR-2. The VEGFR-3 receptor does not bind
VEGF and its expression becomes restricted mainly to lymphatic
endothelia during development. We have found that homozygous
VEGFR-3 targeted mice die around midgestation due to failure
of cardiovascular development. We have also purified and cloned
the VEGFR-3 ligand, VEGF-C. Transgenic mice expressing
VEGF-C show evidence of lymphangiogenesis and VEGF-C
knockout mice have defective lymphatic vessels. The proteolyti-
cally processed form of VEGF-C binds also to VEGFR-2 and is
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angiogenic. VEGF-D is closely related to VEGF-C, similarly
processed and binds to the same receptors. Thus VEGF-C and
VEGF-D appear to be both angiogenic and lymphangiogenic
growth factors. VEGF-C overexpression led to lymphangiogene-
sis and growth of the draining lymphatic vessels, intralymphatic
tumor growth and lymph node metastasis in several tumor mod-
els. Furthermore, soluble VEGFR-3, which blocked embryonic
and inflammation-associated lymphangiogenesis, also blocked
lymphatic metastasis in breast and lung cancer models. These
results together with recent clinical cancer studies suggest that
paracrine signal transduction between tumor cells and the lym-
phatic endothelium may be involved in lymphatic metastasis of
human cancers.
Veikkola et al.,  Cancer Res. 60: 203-212, 2000, Karkkainen et
al., Nature Genetics 25: 153-159, 2000, Iljin et al., FASEB J.
2001 15:1028-1036, Enholm et al., Circ Res. 88:623-9, 2001,
Karpanen et al., Cancer Res. 61:1786-90, 2001, Veikkola et al.,
EMBO J. 20:1223-31, 2001, Mandriota et al., EMBO J. 20:672-
82, 2001, Makinen et al., Nat Med. 7:199-205, 2001, EMBO J.
20: 4762-4773, 2001, FASEB J. 9:1041-9, 2002, He et al., J Natl
Cancer Inst. 94:819-25, 2002, Kubo et al., Proc Natl Acad Sci U
S A. 99:8868-73, 2002, Petrova et al., EMBO J. 21: 4593-4599,
2002. Stacker et al., Nat Rev Cancer. 8: 573-83, 2002, Yla-
Herttuala and Alitalo Nat Med. 6: 694-701, 2003, Karkkainen et
al., Nature Immunol. 5: 74-80, 2003, Rajantie et al., Cancer Res.,
in press.

5
TNF-αα AS AN ENDOGENOUS TUMOUR PROMOTER IN
EPITHELIAL MALIGNANCIES  Fran Balkwill, Cancer
Research UK, Translational Oncology Laboratory, Barts and The
London, Queen Mary’s Medical School, London EC1M 6BQ, UK.

We have been studying the role of the inflammatory cytokine
TNF-a as an endogenous tumour promoter in cancers of the skin
and ovary. Our results lead us to suggest the following model.
When an epithelial cell with malignant potential is exposed to
tumour promoters such as TPA or UVB, it produces inflammato-
ry cytokines including TNF-a. TNF-a can act as an endogenous
tumour promoter, initiating and sustaining production of other
cytokines and chemokines, as well as matrix metalloproteases. If
TNF-a production becomes chronic and deregulated, the tumour
continues to make these inflammatory mediators and these attract
leucocytes and other stromal cells. Stromal cells provide growth
and survival factors, contribute to ECM remodelling and devel-
opment of new blood vessels, and create an immunosuppressive
microenvironment. Stromal and malignant cells communicate via
autocrine and paracrine loops, generally enhanced by positive
feedback. The malignant cells proliferate and invade locally.
Some of the malignant cells acquire chemokine receptors, due to
further genetic damage, or local stimuli such as hypoxia.
Chemokine receptor-expressing cells are able to respond to
chemokine gradients at sites distant from the primary tumour.
Chemokines produced at sites of metastasis induce a pulse of
TNF-a that can stimulate once again a tumour-promoting inflam-
matory network, encouraging proliferation and survival of the
metastatic cells in their new location and development of a sup-
porting stroma. 
Our data also show that some of the processes involved in chron-
ic inflammation are active in human epithelial cancers. Agents
that antagonise TNF-a or chemokines may have potential as ther-
apeutic agents in cancer. These antagonists are currently being

assessed in preclinical animal cancer models and in phase I clin-
ical trials in cancer patients.

6
REGULATION OF TYPE I AND TYPE II INTERFERON
THROUGH TLR3 AND TLR8 ENGAGEMENT  Christophe
Caux, Stephanie Burg, Grégory Gautier, Catherine Massacrier,
Florence Alloin, Florence Deauvieau, Francine Briere, Giorgio
Trinchieri, Pierre Garrone, Laboratory for immunological research,
Schering-Plough, 69571 Dardilly, France

The type I and II IFN are critical cytokines in both innate and
acquired immunity against tumor. Thus we have analysed the
mechanisms of IFN induction through TLR engagement on
human peripheral blood mononuclear cells. In contrast to plas-
macytoid dendritic cells (pDC) expressing TLR7 and TLR9 in
human, myeloid DC (mDC) express TLR3 and TLR8, while
monocytes express only TLR8. Consequently, ligands for TLR7
or TLR9 induce high levels of IFN-α by pDC while ligands for
TLR3 and TLR8 do not. TLR3, but not TLR8, is a potent induc-
er of type I IFN by mDC and non-hematopoietic cells. The
TLR7/8 ligand R-848 and the TLR3 ligand poly-IC are the
strongest TLR ligands leading to type II IFN–γ production by
PBMC. The source of IFN-γare innate immune lymphocytes NK,
NKT and TCRγδT cells, but not conventional CD4+ or CD8+ T
cells. IFN-γ production is dependent on APC in particular on
blood CD11c+ mDC. IL-12p70 derived DC plays a major role in
the induction of IFN-γ through both receptors inducing compara-
ble levels of bioactive IL-12p70, while only R848 induces a mas-
sive excess of IL12p40 production. In agreement with their
TLR3-TR8+ phenotype, monocytes contribute to TLR8 induced
IFN-γ through IL-18 and TNFα secretion but limits TLR8 activ-
ity through IL-10 production. In contrast IFN-γ production
through TLR3, is dependent on IFNβ produced by CD11c+ DC
and NKG2D engagement on innate lymphocytes by MICA
induced on myeloid APC. However, both TLR3 and TLR8
engagement on myeloid DC induce cytolytic activity in NK cells
that is independent on NKG2D/MICA.
Parallel observations using bone-marrow DC from STAT-1 and
IFN-αβR1 KO mice have shown a crucial role of an endogenous
loop of type I IFN in the induction of IL-12p35 through TLR acti-
vation, demonstrating that optimal IL-12p70 production is under
the dependence on the two major TLR signaling pathways (NF-
κB activation and type I IFN induction).
While the inter-connexion between IL-12p70 and type I IFN
appears critical for both TLR3 and TLR8, the fact that the mech-
anisms of IFN-γ induction differs suggests that their potential
utility in anti-tumor therapy may be different.

7
MULTIPLE ROLES OF PERSISTENT STAT SIGNALING
IN CANCER  Hua Yu and Richard Jove, Molecular Oncology
and Immunology Programs, Moffitt Cancer Center and Research
Institute, Tampa, FL, USA.

Signal Transducer and Activator of Transcription (STAT) proteins
were identified originally as key components of normal cytokine
signaling pathways. STAT family proteins are latent cytoplasmic
transcription factors that convey signals from cytokine and
growth factor receptors to the nucleus. An overwhelming abun-
dance of evidence has established that persistent activation of cer-
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tain STAT family members, particularly Stat3 and Stat5, occurs
with high frequency in a wide diversity of human solid tumors
and blood malignancies. This activation of STAT signaling in
tumor cells is often the result of autocrine or paracrine stimula-
tion of cytokine receptors.  Continuous deregulation of nuclear
gene expression by persistent Stat3 and Stat5 signaling promotes
growth and survival of tumor cells, thereby contributing to malig-
nancy. Moreover, Stat3 activation induces tumor angiogenesis
and suppresses anti-tumor immune responses, further enhancing
tumor progression. Tumor cells are more sensitive than normal
cells to Stat3 inhibitors, due to increased dependence of tumor
cells on activated Stat3 signaling. Proof-of-concept studies in
cell culture and animal models have validated Stat3 protein as a
promising molecular target for cancer therapy, and development
of small-molecule inhibitors of Stat3 is currently underway.

8
REGULATION OF STAT NUCLEAR TRAFFICKING
Nancy C. Reich, Gregg Banninger, Ling Liu, and Kevin McBride,
Department of Pathology, Stony Brook University, Stony Brook, NY

Signal transducers and activators of transcription (STATs)
respond to extracellular and intracellular stimuli by serving as
substrates of activated tyrosine kinases.  Following tyrosine phos-
phorylation, the STAT factors dimerize via reciprocal phosphoty-
rosine and SH2 domain interactions.  This change in conforma-
tion results in their ability to bind specific DNA targets sites in
responsive genes.   Although as signaling molecules STATs may
reside in the cytoplasmic compartment, as DNA binding factors
they need to gain access to the nucleus.  For this reason the
STATs possess regulatory sequences that ensure they distribute to
the right cellular location at the right time. We have characterized
three family members, STAT1, STAT2, and STAT3 and found
that their cellular localization is regulated differently.  The DNA
binding domain of STAT1 has co-evolved with the presence of a
nuclear localization signal (NLS) and a nuclear export signal
(NES).  DNA binding therefore plays a critical role in nuclear
accumulation.  STAT2 is unique among the STATs in that it is
constitutively associated with a non-STAT transcription factor,
interferon regulatory factor –9 (IRF-9).  IRF-9 possesses an NLS
that mediates nuclear import of the STAT2-IRF-9 complex prior
to STAT tyrosine phosphorylation.  However a strong NES in the
carboxyl domain of STAT2 maintains localization of the complex
in the cytoplasm.   Only following phosphorylation and dimer-
ization with STAT1 will STAT2 accumulate in the nucleus.  The
STAT3 factor has the distinction of residing primarily in the
nucleus both prior to and subsequent to tyrosine phosphorylation.
The constitutive nuclear localization requires a defined region of
the amino terminal coiled-coil domain of the STAT3 molecule.
Although nuclear presence is dominant, heterokaryon assays
demonstrate that STAT3 dynamically shuttles between cytoplas-
mic and nuclear compartments.  While tyrosine phosphorylation
serves as a molecular switch to enable STATs to bind specific
DNA target sites, the regulation of their nuclear-cytoplasmic
localization has evolved distinctly. 

9
GENETIC EVIDENCE FOR THE THRESHOLD OF
GP130-DEPENDENT STAT3 SIGNALLING OUTPUT AS A
CRITICAL DETERMINANT FOR PHYSIOLOGICAL
RESPONSES IN MAMMALS  Brendan J. Jenkins1, Dianne
Grail1, Meri Nadjovska1, Heinz Baumann2, Andrew W. Roberts3,

and Matthias Ernst1. 1Colon Molecular and Cell Biology
Laboratory, Ludwig Institute for Cancer Research, Parkville,
Victoria, Australia, 2Department of Molecular and Cellular,
Roswell Park Cancer Institute, NY, USA and 3The Walter and
Eliza Hall Institute of Medical Research, Parkville, Victoria,
Australia.

The latent transcription factor STAT3 has been shown to be crit-
ical for the regulation of cell survival, migration and prolifera-
tion, and aberrant or persistent STAT3 activation is a common
hallmark of many solid and liquid tumours. STAT3 transduces
signals from many growth factor and cytokine receptors, and in
particular plays a predominant role in transmitting signals via
gp130, the common signalling receptor subunit for the inter-
leukin (IL)-6 cytokine family. We have previously generated
gp130Y757F/Y757F mice (1) homozygous for a knock-in mutation at
tyrosine 757 in gp130 that abolishes both gp130-dependent
SOCS3 and SHP2 binding, thus preventing a negative feedback
mechanism to terminate signalling. As a consequence, these mice
have a shortened life-span and develop a complex phenotype con-
sisting of gastric adenomatous hyperplasia, splenomegaly, lym-
phadenopathy and dysregulated immune responses, which at the
molecular level are characterised by exaggerated STAT1 and
STAT3 activation. To determine whether exaggerated STAT3
activation was responsible for the phenotype in gp130Y757F/Y757F

mice, we generated gp130Y757F/Y757F mice on a STAT3 heterozygous
background (gp130Y757F/Y757F:STAT3He) to genetically reduce
gp130-dependent activation of STAT3, but not STAT1. Indeed,
compound gp130Y757F/Y757F:STAT3He mice live longer and don’t
develop the severe pathological changes observed in
gp130Y757F/Y757F mice, suggesting a broad physiological role for
gp130-controlled tissue homeostasis that depends on the expres-
sion level of the underlying STAT3 response genes. Finally, we
reveal how exaggerated gp130-dependent STAT3 activation in
gp130Y757F/Y757F mice highlights cross-talk between common sig-
nalling pathways utilised by heterologous receptor systems.
1 Tebbutt N.C. et al., Nature Medicine 8:1089-1097 (2002). 

10
V-ABL SIGNALING DISRUPTS SOCS-1 FUNCTION IN
TRANSFORMED PRE-B CELLS  André Limnander1, Nika N.
Danial1 and Paul B. Rothman1,2,3 Integrated Program in Cellular,
Molecular and Biophysical Studies, Departments of 2Medicine and
3Microbiology, Columbia University College of Physicians and
Surgeons, New York, NY 10032.

The v-Abl oncogene activates Jak-Stat signaling during transfor-
mation of pre-B cells in mice.  Disrupting Jak activation by delet-
ing the Jak-binding domain of v-Abl or by expressing a dominant
negative Jak1 decreases v-Abl transformation efficiency.  As
SOCS-1 is a known potent inhibitor of Jak kinases, the mecha-
nism by which v-Abl bypasses SOCS-1 regulation to constitu-
tively activate Jak kinases was investigated.  SOCS-1 is expressed
in v-Abl-transformed cells, but is unable to inhibit v-Abl-mediat-
ed Jak-Stat signaling.  In v-Abl transformants, SOCS-1 can
inhibit cytokine signals, but it is more efficient at doing so when
the cells are treated with STI571, an Abl kinase inhibitor.
Overexpressing SOCS-1 during transformation using bicistronic
retroviruses can rescue the ability of SOCS-1 to inhibit cytokine
signals, but does not affect v-Abl-induced Jak-Stat signaling.
Downstream effects of v-Abl signaling include phosphorylation
of SOCS-1 in non-tyrosine residues, disruption of the interaction
between SOCS-1 and the Elongin BC complex, and inhibition of
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SOCS-1-mediated proteasomal targeting of activated Jaks.  These
findings reveal a novel mechanism by which Jak-dependent
oncogenes may bypass SOCS-1 inhibition. 

11
INTERLEUKIN-7 PROMOTES LYMPHOCYTE PROLIF-
ERATION THROUGH SIGNALS TRANSDUCED BY p38
MAPK THAT REGULATE THE CELL CYCLE ACTIVA-
TOR, Cdc25A Christina Kittipatarin1, Dmitry V. Bulavin2, Wen
Qing Li3, Kyungjae Kim3,4, Howard A. Young5, Albert J.  Fornace2,
Scott K. Durum3 and Annette R. Khaled1, 3, 1University of Central
Florida, BioMolecular Science Center, Orlando, FL, 32628.
2Division of Basic Sciences, National Cancer Institute, Bethesda,
MD, 20892.  3Laboratory of Molecular Immunoregulation,
National Cancer Institute - Frederick, Frederick, MD, 21702.
4Departement of Pharmacy, Sahm-Yook University, Seoul, Korea,
139-742. 5Laboratory of Experimental Immunology, National
Cancer Institute - Frederick, Frederick, MD, 21702.

Lymphocytes are the central mediators of the immune response.
Signal transduction pathways, induced through binding of
cytokines like interleukin-7 (IL-7), trigger homeostatic mecha-
nisms that regulate lymphocyte survival and proliferation.  IL-7
survival signals target the BCL-2 family of apoptotic proteins.
Although overexpression of BCL-2 or deficiency of BAX pro-
tected lymphocytes from death in the absence of IL-7, we found
that these did not promote proliferation, suggesting the existence
of IL-7 dependent proliferative factors.  We also observed, using
IL-7 dependent cells, that the strength of the IL-7 signal drove
either survival (weak signal) or survival and proliferation (strong
signal).  So though capable of promoting cell cycling, the molec-
ular mechanisms by which cytokines, like IL-7, induce cell divi-
sion are poorly understood.  We now show that cell cycle pro-
gression, through cytokine signaling, is not solely dependent on
the availability of cyclin-dependent kinases (cdks) and cyclins or
inactivation of inhibitors.  Rather, we observe that in lymphocyte
cell lines dependent on the cytokines, IL-3 or IL-7, it is the phos-
phatase, Cdc25A, which is the essential transducer of prolifera-
tive signals in response to these cytokines.  Withdrawal of IL-7 or
IL-3 from dependent lymphocytes first activated the stress
kinase, p38MAP kinase (MAPK), which then phosphorylated the
phosphatase, Cdc25A, inducing its degradation through ubiquiti-
nation.  As a result, the substrates of Cdc25A, phosphorylated
cdks, remained inactive, and cells arrested prior to the induction
of apoptosis.  Inhibiting p38 MAPK or expressing a mutant
Cdc25A, in which two p38 MAPK target sites, S75 and S123,
were altered, rendered cells resistant to cytokine withdrawal by
restoring the activity of cdk/cyclin complexes and driving the cell
cycle independent of a cytokine growth stimulus. Therefore, we
propose that it is through regulation of Cdc25A that cytokines,
like IL-7, control lymphocyte proliferation, arresting cells when
cytokines are limiting and inducing growth when cytokines are in
excess.

12
CROSS TALK BETWEEN SMAD SIGNALING AND p38
MAP KINASE/Rho PATHWAYS IN TGF-ß-MEDIATED
GROWTH INHIBITION OF A HUMAN BREAST CANCER
CELL LINE. Anil K. Kamaraju1, Fang Liu2 and Anita B.
Roberts1.  1Laboratory of Cell Regulation and Carcinogenesis,
National Cancer Institute, MD, USA. 2Center for Advanced
Biotechnology and Medicine, Rutgers University, NJ, USA.

Transforming Growth Factor-ß is a multifunctional cytokine
known to exert its biological effects through a variety of signal-
ing pathways of which, Smad signaling is considered to be the
main mediator. At present, the Smad-independent pathways, their
interactions with each other, and their roles in TGF-ß-mediated
growth inhibitory effects are not well understood.  To address
these questions, we have utilized a human breast cancer cell line
MCF10CA1h and demonstrate that p38 MAP kinase and
Rho/ROCK pathways together with Smad2 and Smad3 are nec-
essary for TGF-ß-mediated growth inhibition of this cell line. We
show that Smad2/3 are indispensable for TGF-ß-mediated growth
inhibition, and that both p38 and Rho/ROCK pathways affect the
linker region phosphorylation of Smad2/3. Further, by using
Smad2 and Smad3 proteins mutated at the linker region, we show
that modification at these sites by TGF-ß is required for their full
transactivation potential. We demonstrate that activation of the
p38 MAP kinase pathway by TGF-ß is necessary for the full tran-
scriptional activation potential of Smad2/Smad3, whereas activa-
tion of Rho/ROCK is necessary for both downregulation of c-
Myc protein and upregulation of p21waf1 protein, directly regu-
lating p21waf1 transcription. Our results not only implicate
Rho/ROCK and p38 MAPK pathways as necessary for TGF-ß-
mediated growth inhibition, but also demonstrate their individual
contributions and the basis for their cooperation with each other.

13
LPS INDUCES ACTIVATION OF P21RAS IN PRIMARY
MACROPHAGES THROUGH MECHANISMS DEPEN-
DENT ON SRC AND PI3 KINASES. Muriel David1, Chris
Cochrane1 and John W. Schrader1, 1The Biomedical Research
Centre, University of British Columbia, Vancouver, BC, Canada.

Defence against infection by gram-negative bacteria depends on
activation of macrophages by bacterial lipopolysaccharide (LPS)
and the induction of the secretion of multiple cytokines. There is
extensive evidence that the p21Ras proteins play critical roles in
responses of cells to most extra-cellular stimuli. Moreover, acti-
vation of p21Ras results in activation of the MAP family kinases
that upregulate transcription factors like AP-1 and NfkB that con-
trol the expression of cytokine genes, as well as promoting the
synthesis of these cytokines. Therefore we have asked whether
LPS also activates p21Ras. We observed that p21Ras is rapidly
and transiently activated in murine primary macrophages stimu-
lated with LPS. Experiments with macrophages from mice with
null mutations of TLR4 indicated that this response was at least
in part dependent on TLR4. The molecular basis of this activation
was investigated using pharmacological and genetic approaches.
LPS-induced activation of p21Ras depended on the activity of
one or more members of the Src kinase family and the subsequent
activation of PI3K. There was no evidence for the involvement of
Tec family protein tyrosine kinases Btk, although a role for other
members of this family could not be excluded. It seems likely that
the cytokine response of macrophages to LPS is in part regulated
by p21 Ras.

14
CYTOKINES AND CHEMOTHERAPEUTIC DRUGS:
POTENTIAL SYNERGISTIC INTERACTIONS CAN OFFER
NEW APPROACHES TO CANCER THERAPEUTICS Howard
A. Young1, Victor Marquez2, Dehui Duan2, Peter M. Blumberg3,
Noemi Kedei3 and Della Reynolds1.  1Lab. of Experimental
Immunology, NCI-Frederick, 2Lab of Medicinal Chemistry, NCI-
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Frederick, 3Laboratory of Cellular Carcinogenesis and Tumor
Promotion, NCI, Bethesda, MD, Center For Cancer Research,
National Cancer Institute

Cytokines offer the promise of altering the host response to tumor
invasion while chemotherapeutic drugs are often targeted direct-
ly against the tumor cells. However, chemotherapeutic drugs may
also affect immune function with unexpected consequences.  As
the molecular targets for cytokines and chemotherapeutic com-
pounds are often distinct, the use of combination therapies may
prove to be more effective than single agent treatments.  We have
examined this hypothesis by utilizing an NK cell line that
responds to many extracellular signals by expressing Interferon-
gamma (IFN-γ).   Using IFN-γ expression as a readout, we tested
the effects of phorbol derivatives targeting protein kinase C
isozymes, in combination with cytokines (IL-2, IL-12, IL-18).
Our results indicate that IL-12 and non-tumor promoting phorbol
derivatives have a strong and rapid synergistic effect on IFN-γ
gene expression with IFN-γ production in the presence of both
agents reaching levels 10-20 fold above that induced by each
agent alone.  Furthermore priming of the NK cells with IL-12 for
as little as 30 minutes was sufficient to result in the strong syner-
gistic response observed upon treatment with the phorbol deriva-
tives.  Similar results were observed with mouse spleen cells indi-
cating that the combination of these agents can be tested in in
vivo mouse tumor models.  Finallty, phorbol esters are potent dia-
cylglycerol analogs and screening of a combinatorial library of
novel diacylglycerol lactone derivatives has identified new com-
pounds that demonstrated synergy with IL-12 and now await pre-
clinical evaluation.

15
CHARACTERIZATION OF THE CONTRIBUTION OF
INDIVIDUAL IFN-αα SUBTYPES TO ANTIVIRAL
PROTECTION. Ehtesham Baig1,2, Jiabing Chen1, Raj
Deonarain1, and Eleanor Fish1,2, 1Toronto General Research
Institute, University Health Network, Toronto, ON, Canada,
2Department of Immunology, University of Toronto, Toronto, ON,
Canada

The Type I interferons (IFNs) are comprised of a family of relat-
ed proteins that exhibit antiviral, growth inhibitory and
immunomodulatory effects. These include the IFN alpha (α)
family of subtypes, beta (β), omega (ω), tau (τ), kappa (κ), lamb-
da (λ), epsilon (ε) and zeta(ζ). 11 IFN-α genes as well as a sin-
gle IFN-β gene are encoded on mouse chromosome 4, whereas
the 13 IFN-α and single IFN-β human genes are found on chro-
mosome 9. Although the IFN-αs and IFN-β activate the same
receptor complex, there is differential regulation of gene expres-
sion in target cells. We have previously generated mice null for
IFN-β. Despite no abnormalities in the proportional balance of
CD4 and CD8 populations, activated T cells exhibit enhanced T
cell proliferation and decreased TNF-α production. We identify
potential defects in B cell maturation and myelopoiesis. IFN-β
null mice exhibit an altered splenic architecture and are highly
susceptible to both viral and tumor challenges.  In ongoing stud-
ies, to distinguish the roles of IFN-αs from IFN-β in innate and
adaptive immune responses, we are generating mice with target-
ed deletion of 7 IFN genes: α1, α4, α5, α6, α7, α11, and limitin.
The intent is to examine the functional relevance of these IFNs
during development and immune responses. In parallel, we are
examining the contribution of these 7 IFN-αs to protection from
virus infection.  Specifically, using different challenge viruses –

EMCV, sendai, MHV-1, vaccinia – we have preliminary evidence
for differential induction of the different IFN-αs, in the context of
kinetics of induction and extent of production. Additionally,
using siRNAs to target individual IFN-αs, we have examined the
contribution of each IFN-α to protection from these different
viral challenges, in vitro, and provide further insights into the
contribution of specific IFN-αs to antiviral protection.

16
ADJUVANT ACTIVITY OF INTERFERON ALPHA:
MECHANISM(S) OF ACTION  Michael Tovey, Christophe
Lallemand, and Chantal Maury. UPR 9045 CNRS, Laboratory of
Viral Oncology, Villejuif, France.

Interferon alpha  ( IFN  α) primarily by plasmacytoid dendritic
cells as part of the innate immune response to infectious agents,
is a powerful polyclonal B-cell activator that induces a strong pri-
mary humoral immune response characterized by isotype switch-
ing and protection against virus challenge. IFNα has also been
shown to stimulate an IgG2a antibody response characteristic of
Th1 immunity when ad-mixed with influenza virus vaccine. The
use of transgenic mice expressing a green fluorescent protein
reporter gene regulated by an IFN responsive element has shown
that IFN activated cells are present in the peripheral circulation of
influenza vaccinated mice as early as 4 hours after initiation of
IFNα treatment and that the principal cell populations activated
by IFN treatment included B220 (-) Ly6c (-), CD11c (high), CD
11b (high), CD8 (+) cells , and B220 (high), Ly6c (high), CD11c
(low), CD 11b (-), CD4 (+), CD 19 (-) cells. The effect of IFNα
on the antibody response to influenza vaccination was shown to
be dependent upon the route of administration. Expression analy-
sis showed that numerous IFN responsive genes were induced in
the lymphoid tissue of IFN treated animals together with a num-
ber of genes not previously shown to be induced by IFNα includ-
ing Crg2 and other chemokines, proteases associated with anti-
gen processing, and genes involved in lymphocyte activation,
apoptosis, and protein degradation. Together these results may
explain in part the mechanism(s) of the adjuvant activity of
IFNα.

17
REGULATION OF IFN ANTIVIRAL TRANSCRIPTION
RESPONSES BY PROTEIN DEACETYLATION  Curt M.
Horvath and Inna Nusinzon, Immunobiology Center, Mount Sinai
School of Medicine, New York, NY

Interferon stimulation (IFN) produces a broadly effective innate
antiviral response that restricts virus replication.  Most of the
antiviral activity is the result of a transcriptional program initiat-
ed by IFN that activates STAT protein transcription factors.  Type
I IFN accomplishes this gene regulation in large part through the
actions of the ISGF3 transcription factor complex, composed of
STAT1, STAT2, and IRF9.  The function of ISGF3 in transcrip-
tion has been investigated, and several classes of transcriptional
coactivating machinery have been found, including histone mod-
ifying enzymes and the pol II mediator complex.  Protein acety-
lation has been linked to IFN-induced transcription by the asso-
ciation of histone acetyl transferase (HAT) enzymes with STAT
transcription complexes. However, the precise roles and the
dynamics of protein acetylation during cytokine-activated tran-
scription remain to be completely established.  In many systems,
protein acetylation has conventionally been associated with tran-
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scriptional activation, while deacetylation has been connected
with transcriptional repression.  The role of protein deacetylation
during IFN-activated transcription was examined using histone
deacetylase (HDAC) inhibitors.  Unexpectedly, deacetylase
inhibitors decreased IFNα-stimulated gene (ISG) transcription,
demonstrating an essential role for deacetylation in ISG activa-
tion.  Importantly, treatment with deacetylase inhibitors prevent-
ed the biological response to IFN, i.e. the establishment of a cel-
lular innate antiviral state. We further found that the deacetyla-
tion-dependent step in the IFNα-JAK-STAT-ISGF3 signaling
pathway lied downstream of ISGF3 DNA binding.  These results
suggested a positive transcriptional role for HDACs in the ISG
system.  Screening candidate enzymes for physical associations
with ISGF3 revealed that HDAC1 co-immunoprecipitated both
STAT1 and STAT2.  Specific HDAC1 inhibition by RNA inter-
ference decreased and HDAC1 overexpression augmented ISGF3
activity, demonstrating that HDAC1 modulates IFN-induced tran-
scription. ISGF3 association with HDAC1 is in agreement with
the observation of IFNα-induced histone H4 deacetylation on the
ISG54 promoter.  The requirement for a deacetylase was shared
by type II interferon (IFNγ) transcription, and may be a general
phenomenon for STAT-dependent gene activation. These results
underscore the importance of acetylation as a reversible post-
translational modification that can regulate rapidly inducible
gene expression systems.  These findings demonstrate an addi-
tional level of complexity to the conventional model of acetyla-
tion-induced transcription.  Inhibition of the antiviral response by
deacetylase inhibitors introduces an important consideration for
therapeutic uses of these compounds.

18
DOWNREGULATION OF P53 LEVELS INDUCED BY
DSRNA MODULATES THE ANTIVIRAL RESPONSE  Joao
Trindade Marques, Bryan R. G. Williams, Department of Cancer
Biology, Lerner Research Institute, Cleveland Clinic Foundation,
Cleveland, Ohio, USA

Different groups have shown interaction between classical antivi-
ral pathways with genotoxic stress responses controlled by p53.
We have found that transfection of dsRNA leads to down-regula-
tion of p53 protein levels in target cells. The proteasome-mediat-
ed p53 degradation pathway is required for the down-regulation
induced by dsRNA although there is no increased association
between MDM2 and p53. Transfection of dsRNA into cells does
not decrease the half-life of p53 but rather the inhibition of trans-
lation by RNase L and PKR are both required for the downregu-
lation. The activation of the 2’5’-OAS/RNase L system and phos-
phorylation of eIF2α contribute to decreased p53 protein levels.
Accordingly, decreased p53 mRNA levels occur after dsRNA
transfection even when transcription is inhibited indicating that
the regulation operates post-transcriptionally. EMCV but not
VSV infection leads to downregulation of p53 and in the absence
of p53, EMCV exhibits decreased replication. These results sug-
gest that the down-regulation of p53 likely mediated by dsRNA
contributes to the cellular antiviral response.

19
INTERFERON (IFN)-ΛΛ INDUCES EXPRESSION OF IFN-
ΑΑ-RESPONSIVE GENES IN PRIMARY HUMAN HEPATO-
CYTES Raymond P. Donnelly1, Faruk Sheikh1, Harold
Dickensheets1, Sergei Kotenko2, and Bin Gao3, 1Division of

Therapeutic Proteins, CDER, FDA, Bethesda, MD, USA, 2Dept.
of Biochemistry and Molecular Biology, UMDNJ, Newark, NJ,
USA, and 3Liver Biology Section, National Institute on Alcohol
Abuse and Alcoholism, NIH, Rockville, MD, USA.

We recently identified and cloned a group of novel cytokines
(IFN-λ1, IFN-λ2, and IFN-λ3) that possess antiviral activity.
These cytokines are also referred to as IL-29, IL-28A, and IL-
28B, respectively.  We have shown that the IFN-λ proteins signal
through a receptor complex composed of the ligand-binding
chain, IFN-λR1 (IL-28R), and the accessory chain, IL-10R2.
Signaling through the IFN-λ receptor complex results in the acti-
vation of STAT1 and STAT2, and formation of the ISGF3 tran-
scription factor complex.  This in turn results in the expression of
genes such as Mx1 and OAS that are classically associated with
signaling through IFN-α receptors.  Like IFN-α receptors, IFN-λ
receptors are broadly expressed on a wide variety of tissues,
including the liver.  In this study, we examined the potential abil-
ity of IFN-λ to activate STAT1 and STAT2 in primary human
hepatocytes and the hepatoma cell lines, HepG2 and Huh-7.  We
found that purified recombinant IFN-λ1 (IL-29) and IFN-λ2 (IL-
28A) induce dose-dependent activation of STAT1 and STAT2 and
induction of IFN-α-responsive genes in both normal hepatocytes
and hepatoma cell lines.  These genes include IP-10, GBP-1,
ISG-56, Mx1 and OAS.  These findings demonstrate that hepato-
cytes are primary targets for IFN-λ, and suggest a possible role
for IFN-λ as an alternative to IFN-α in treating hepatitis C virus
(HCV) infection. 

20
GENE EXPRESSION PROFILING OF INTERFERON
STIMULATED CELL LINES EXPRESSING IFNAR2C
TYROSINE MUTANTS DEMONSTRATE A STRONG
DEPENDENCE ON TWO SPECIFIC TYROSINE
RESIDUES AND IDENTIFIES A SMALL GROUP OF
GENES WHEREIN ACTIVATION IS INDEPENDENT OF
IFNAR2C TYROSINE PHOSPHORYLATION.  Sharlene
Velichko1, T. Charis Wagner1, Parham Mirshahpanah1, Joern
Kraetzschmar2 and Ed Croze1, 1Department of Immunology,
Berlex Bioscience, Richmond, CA, USA,  2Schering, Berlin,
Germany.

Previous studies have demonstrated the requirement of two spe-
cific tyrosine residues (Tyr337 and Tyr512) located in the cytoplas-
mic domain of IFNAR2c in Type I interferon (IFN) signaling and
biological response (Wagner et al JBC 277,1493,2002). The sub-
stitution of these two tyrosine residues with phenylalanine results
in a receptor able to bind IFN but unable to induce STAT1,
STAT2 or STAT3 phosphorylation and antiproliferative effects
upon IFN stimulation. It is unclear however if other signaling
pathways independent of JAK/STAT signaling remain in the
absence of Tyr337/512.  To investigate this possibility and to further
explore the effects of IFNAR2c Tyr337 and Tyr512 mutants in IFN
signaling cell lines expressing different IFNAR2c tyrosine
mutants were stimulated with IFN, RNA isolated and gene
expression profiles determined using Affymetrix gene arrays.
Data organization and statistical analysis was performed using
the proprietary data analysis tool SACRED. Wild type cells
showed strong gene induction after IFN (1000 IU/106 cells 18
hrs) stimulation resulting in the induction of 100-200 genes.
Cells expressing mutant forms of  IFNAR2c lacking all tyrosines
(7F) or having specific Tyr337 / Tyr512 substitutions were essential-
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ly unresponsive. Gene expression patterns for wild type cells
demonstrate regulation of genes involved in antiviral, antiprolif-
erative (e.g. cell cycle and caspase activation) and immunomod-
ulation  (e. g chemokine regulation). However, a small number of
genes were identified that are expressed at low levels (10 –20 fold
less than wild type cells) in cell lines expressing IFNAR2c 7F,
Tyr337 or Tyr512 mutants. Although these genes are only weakly
induced upon IFN stimulation expression values are significant
having p values = 0.004 – 0.01.   Such genes appear to include a
group of proteins essential for IFN signaling (e. g. STAT1 and
p48) in addition to a more random set of proteins  (e. g. ISG-6-
16, serum/glucorticoid regulated kinase-like protein, V1R-like1
and IFN induced tetratricopeptide repeats 4). These data demon-
strate the importance of IFNAR2c tyrosine residues (Tyr337/512)  in
IFN signaling and  suggests that low levels of IFN-dependent
gene expression can occur for a limited number of IFN respon-
sive genes independent of IFNAR2c tyrosine phosphorylation.
Such genes may represent a unique set of IFN responsive genes
with alternate mechanisms of activation.

21
IDENTIFICATION OF GENES THAT REQUIRE TANK-
BINDING KINASE 1 (TBK1) OR IκκB KINASE εε (IKKεε)
FOR THEIR EXPRESSION  Sarah M. McWhirter1, Katherine
A. Fitzgerald2, Jacqueline Rosains1, Harry Björkbaka3, Tom
Maniatis1, 1Department of Molecular and Cellular Biology,
Harvard University, Cambridge, MA, USA, 2Division of
Infectious Disease, Department of Medicine, University of
Massachusetts Medical School, Worcester, MA, USA, 3Lipid
Metabolism Unit, Massachusetts General Hospital, Boston, MA,
USA.

Inducers such as virus infection, or treatment with double-strand-
ed RNA or lipopolysaccharide lead to the expression of a large
number of genes required for innate immunity. This expression
involves the coordinate activation of several transcription factors,
including interferon regulatory factor-3 (IRF-3) and NF-κB.
Previous studies have implicated the non-canonical IκB kinases,
TANK-binding kinase 1 (TBK1) and IκB kinase ε (IKKε), in sig-
naling pathways required for the activation of both transcription
factors.  A number of studies have shown that TBK1 is required
for the activation of the transcription factor IRF-3.  In order to
address the functional relationships between TBK1 and IKKε we
have carried out microarray studies to identify genes that require
these kinases for their expression in response to infection by
Sendai virus (SV).  This was accomplished using mouse embry-
onic fibroblasts (MEFs) from Tbk1-/- and Ikkε -/- mice.
Surprisingly TBK1 is not only required for the activation of IRF-
3 in response to virus infection, it is also required for the consti-
tutive expression or repression of a large number of other genes.
Although the role of TBK1 in virus induction of IRF-3 activity
has been clearly established, its role in NF-κB activation remains
to be determined.  A search for NF-κB and ISRE sites in the pro-
moter regions of TBK1-dependent, SV-responsive genes indicate
that some of these promotors contain only NF-κB sites, and no
obvious ISRE sites.  We are currently studying these genes to
understand the requirement of TBK-1 for their induction.  In con-
trast to the results with TBK1, we find that IKKε is dispensable
for SV-induced gene expression, even though IKKε expression is
up regulated upon virus infection in wild-type MEFs.  Studies are
in progress to determine the function of IKKε.   

22
BELEROFONTM, AN IMPROVED IFNA WITH SINGLE
AMINO ACID SEQUENCE CHANGE, DESIGNED TO
REDUCE FREQUENCY OF INJECTION FOR HEPATITIS
C CHRONIC INFECTION AND CANCER T.Guyon,
G.Borrelly & L. Drittanti, Nautilus Biotech SA, Evry, France

Nautilus has completed comparative monkeys studies between
BelerofonTM and two leading commercial IFNα drugs: native
IFNα and pegylated IFNα. BelerofonTM is a single amino acid
variant of natural IFNa engineered using proprietary protein evo-
lution technology to create an improved, non-pegylated, non-
chemically modified IFNα, with longer half-life in serum.
Pegylated IFNα dominates the HCV market based on its
improved pharmacokinetics (PK) profile, which translates into
lower dosing frequency and higher patient compliance, compared
to native IFNα.
Initial pre-clinical studies of BelerofonTM in cynomolgus mon-
keys have recently been completed and show the following posi-
tive results:
Low toxicity - Preliminary dose escalation and repeat dosing
studies of BelerofonTM in monkeys have shown an absence of
adverse clinical or hematological events associated with treat-
ment. 
Good biological response - Pharmacodynamic studies using sur-
rogate markers, such as neopterin, MxA and 2’5’AOS, indicate
that BelerofonTM is active in vivo and that it triggers the appropri-
ate biological response. 
Improved pharmacokinetics - The PK profile observed for
BelerofonTM in primates outperformed those obtained for non-
pegylated commercial IFNα and compared favourably with those
obtained for commercial pegylated-IFNα, in all parameters
measured. 
Lower dosing – BelerofonTM showed comparable performance in
terms of PK and pharmacodynamics despite 1/10 (w/w) dosage
levels being administered compared to pegylated IFNα. This is in
line with the higher specific activity of BelerofonTM measured in
vitro, probably due to the absence of pegylation.
As a result of its improved PK profile and lower dosing,
BelerofonTM holds potential to improve on the current IFNα-
based therapies for hepatitis C chronic infection, melanoma and
kidney cancer.

23
IMPROVED PHARMACOKINETICS AND EFFICACY OF
N-TERMINALLY PEGYLATED INTERFERON-ββ-1A
Darren P. Baker1, Ted Lin1, KoChung Lin1, Ling Ling Chen1,
Donna Hess1, Dingyi Wen1, Alan Gill1, Blake Pepinsky1, and
Daniel Lindner2, 1BiogenIdec, Inc., Cambridge, MA, USA,
2Lerner Research Institute, Cleveland Clinic Foundation,
Cleveland, OH, USA 

PEGylation is an established method for improving pharmacoki-
netic (PK) and pharmacodynamic (PD) properties of therapeutic
proteins.  PEGylation increases circulation half-life and AUC by
reducing renal, and/or antibody-mediated, and/or receptor-medi-
ated clearance mechanisms.  It may also increase the solubility
and stability of the modified protein, and may decrease prote-
olytic degradation and aggregation.  PEGylation may also
increase the efficacy of the protein and/or reduce the frequency
of dosing required to achieve the desired efficacy.  As an exam-
ple, PEGylation of interferon-α-2b (PEG-Intron, Schering-
Plough) and interferon-α-2a (PEGASYS, Roche) improves their
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PK and PD properties, improves efficacy in chronic hepatitis C-
infected patients, while reducing the frequency of dosing from
TIW to QW as compared to the respective unmodified protein.
Previous studies by Pepinsky et al (JPET 2001, 297, 1059-1066)
have shown that specific N-terminal PEGylation of interferon-β-
1a with 20 kDa mPEG-propionaldehyde results in a fully-active
molecule with improved PK properties.  In this study, we have
synthesized a novel form of the mPEG-aldehyde, 20 kDa mPEG-
O-2-methylpropionaldehyde, and used it to modify interferon-β-
1a.  The synthesis of 20 kDa mPEG-O-2-methylpropionaldehyde,
the preparation and characterization of 20 kDa mPEG-O-2-
methylpropionaldehyde-modified interferon-β-1a, and its
improved PK and efficacy are described.

24
INHIBITION OF B16 MELANOMA METASTASES BY
THERAPY WITH M20 IL-1 INHIBITOR  V. Barak1, Y.
Sherman3, P. Yanai1, T. Halperin1, I. Vlodavsky1, S. Slavin2 and L.
Weiss2, Immunology Lab., for Tumor Diagnosis, Oncology Dep1.,
Bone Marrow Transplantation Dep2., Pathology Dep3., Hadassah
University Hosp., Jerusalem, Israel

Previous studies have shown that advanced stage human
melanoma cells proliferation is IL-1ß dependent. Furthermore,
IL-1 Receptor Antagonist (IL-1RA) has been shown to reduce the
number and size of murine B16 Melanoma hepatic metastases.
Previously, in in vivo models, we have established that the M20
IL-1 Inhibitor is active as a potent anti-inflammatory agent reduc-
ing fever, leukocytosis, local inflammation, IL-1 induced changes
in fibrinogen, corticosterone and cations serum levels. Most
importantly, M20 IL-1 Inhibitor prevented the onset of
Rheumatoid Arthritis (RA) and reduced it’s severity in a rat
model and was also effective in reducing various parameters of an
autoimmune disease (SLE). In the present study we examined the
effect of the M20 IL-1 Inhibitor on lung metastases formation in
an in vivo model of B16 Melanoma - on the number and the size
of the melanoma metastases, as well as its effect on lung weight
and proliferation of melanoma cells in vitro.  Our results showed
a significant reduction in the number of melanoma lung metas-
tases (45-55%) in mice treated with M20 IL-1 Inhibitor (50 or
100 U/mouse). There was also a significant reduction in the size
of the melanoma metastases (~60%) and in the weight of the
treated lungs. These results are similar to in vitro findings on the
reduction in the number of melanoma cells in the blood of mice
after treatment with this inhibitor. Tissue sections were stained
weekly by S100 in treated animales as opposed to a strong stain-
ing in the melanoma mice. We conclude that the M20 IL-1
Inhibitor is active in the inhibition of B16 Melanoma hepatic
metastases, implying a role of this molecule, as a new therapeu-
tic  modality in melanoma.

25
EXPRESSION AND REGULATION BY CYTOKINES OF
MULTIPLE SCLEROSIS (MS)-ASSOCIATED RETRO-
VIRUS (MSRV), IN VITRO AND IN VIVO. Caterina
Serra1,Giuseppe Mameli1,Vito Astone1,Giannina Arru2,Stefano
Sotgiu2, Antonina Dolei1 , 1Section of Microbiology, Department of
Biomedical Sciences, and 2Institute of Clinical Neurology,
University of Sassari, Sassari, Italy  

Several authors, including us,found free virions of a human
endogenous retrovirus called MSRV (multiple sclerosis-associat-

ed retrovirus),in blood and spinal fluid (CSF) of multiple sclero-
sis (MS) patients. It belongs to the  HERV-W family,has gliotox-
ic and superantigenic properties and can be transactivated by her-
pesviruses.We found MSRV in  blood of  MS patients (100% of
patients with active disease from Sardinia,italian island at very
high MS risk) and in a minority of other subjects,both in vivo and
in vitro.Presence of MSRV in CSF increased with progression
and  was a bad prognostic marker,since blind follow up showed
that patients that had MSRV-positive CSF progressed and had
required therapy (IFNbeta or azathioprine,p=0.028), while those
that had MSRV-negative CSF remained stable. When plasma
samples were collected from MS patients undergoing IFN-beta
therapy, they were found cleared of MSRV. In vitro studies eval-
uated the effects on MSRV of cytokines positively or negatively
related to MS immunopathogenesis. Individuals releasing or not
free MSRV in the blood were selected; PBMC were cultured
under treatments; cells and culture media were processed for
RNA extraction and RT-PCR for nested or real time amplification
with MSRV-specific primers. Cells from ex-vivo MSRV-negative
subjects did not produce extracellular virus,while spontaneous
MSRV release in culture was detected in PBMC from MSRV-pos-
itive humans, increasing with time and mitogen activation. Virus
release was dose-dependently upregulated by pro-inflammatory
cytokines (particularly IFNgamma and TNFalpha,known to be
detrimental for patients),while IFNbeta was strongly inhibito-
ry.Although MSRV role in MS is still undefined, there is an
intriguing parallelism between the effects of the interferons on
MSRV release and  on MS disease.

26
SOLUBLE MURINE INTERLEUKIN 21 RECEPTOR
REDUCES CLINICAL DISEASE IN ANIMAL MODELS
OF ARTHRITIS  Deborah Young, Martin Hegen, Mayra Senices,
Yelena Leathurby, Leo Albert, Matthew Whitters, Cheryl Nutter,
Leslie Lowe, Barbara Sheppard, James Keith, and Mary Collins,
Inflammation Discovery Research, Wyeth, Cambridge, MA, USA.

Interleukin 21 (IL-21), a cytokine related to IL-2 and IL-15, is
secreted by activated T cells  and modulates immune cell func-
tions with  both pro and anti-inflammatory effects.  The receptor
for IL21 (IL21R) is most homologous to the IL-2RJ and IL-4RI
chains, and associates with the K-common chain upon ligand
binding.  IL21R is constitutively expressed in B and T lympho-
cytes, NK cells, macrophages, and dendritic cells and its expres-
sion is upregulated by IL21.  Both IL-21 and IL-21R are
expressed in inflammatory infiltrates in paws of DBA/1 mice
with Collagen Induced Arthritis (CIA).  Recently, expression of
IL-21R has also been reported in synovial fibroblasts and
macrophages of patients with  Rheumatoid Arthritis.  Soluble
mIL21RFc, a potent neutralizer of both  murine and rat IL21
bioactivity in vitro, was tested for its ability to modulate clinical
signs of arthritis in both murine and rat models.  Arthritis was
induced in DBA/1 male mice with bovine type II collagen, and in
the Lewis Rat with Freund’s Complete Adjuvant.  RNAse protec-
tion analysis of draining lymph nodes from immunized mice
revealed constitutive expression of IL21R that increased with
time.  IL21 expression was not detected in naïve LN,  but did
increase by day 13 after collagen immunization.   Cytokine secre-
tion in response to collagen or anti-CD3 was measured by multi-
plex ELISA.   As compared with control animals,   treatment with
IL21RFc resulted in less severe clinical disease in both rat and
murine prophylactic and therapeutic models of arthritis .
Histological analysis showed that IL21RFc  treated mice had

8 INTERNATIONAL CYTOKINE SOCIETY



fewer paws (6-10%) with severe inflammation (grade 3-4 arthri-
tis)  when compared with control Ig treated mice (22-25%).   In
the Sprague-Dawley rat, IL21RFc reduced the proliferation and
cytokine responses of activated T cells in vitro. In conclusion,
blockade of the IL21 pathway with IL21RFc reduces inflamma-
tion and may be an effective treatment for Rheumatoid Arthritis.

27
ANTI-INTERFERON-γγ AND ANTI-TUMOR NECROSIS
FACTOR-αα IN TH1-MEDIATED AUTOIMMUNE DISEASE
(RHEUMATOID ARTHRITIS) AND TH1/TH2 DISEASE
(SLE)  Galina Loukina, Yakov Sigidin, O. Pashkova, Boris
Skurkovich1, Simon Skurkovich2, Institute of Rheumatology,
Moscow, Russia; 1Brown Medical School, Providence, RI, USA;
2Advanced Biotherapy, Inc., Rockville, MD, USA 

In 1974 we proposed treatment of autoimmune diseases (AD)
with anti-IFNs (Nature). In 1989 we also proposed use of anti-
TNF-α together with antibodies to certain IFNs to treat AD (J
IFN Res). Anticytokine therapy has been shown effective in many
Th1-mediated AD but has not been tried in systemic lupus ery-
thematosus (SLE), considered a Th1/Th2 AD. In a randomized,
double-blind trial with 55 rheumatoid arthritis (RA) patients
receiving anti-IFN-γ, anti-TNF-α, or placebo IM for 5 days,
patients were clinically assessed daily for 7 days then weekly up
to the 28th day. In addition, 4 patients with SLE were given anti-
IFN-γ (2 patients) or anti-IFN-γ combined with anti-TNF-α (2
patients) according to the same protocol. Anti-IFN-γ and anti-
TNF-α provided rapid and statistically significant reduction of
joint inflammation in the RA patients. The degree of improve-
ment in the anti-IFN-γ patients was comparable to that in the
patients receiving anti-TNF-α and in some aspects was superior
to it. The thickness of the inflamed synovial membrane assessed
by ultrasound decreased significantly only with anti-IFN-γ.  The
most frequent side effect in both anticytokine groups was slight
local dermatitis at injection sites. Lupus-like syndrome,
Quincke’s edema, laryngitis, and stomatitis occurred only in the
anti-TNF-α recipients. Of the SLE patients, three of the four
patients deteriorated (2 receiving anti-IFN-γ, 1 receiving the
combination).  While IFN-γmay contribute to the pathogenesis of
many Th-1 mediated AD and thus may represent an important
therapeutic target in these diseases, administration of anti-IFN-γ
may not be indicated in Th1/Th2 AD such as SLE.

28
FUNCTIONAL CONSEQUENCES OF THE Asp299Gly
TOLL-LIKE RECEPTOR POLYMORPHYSM  Mihai G.
Netea1,3, Chantal van der Graaf1,3, Leo Joosten2, Bart Jan
Kullberg1,3,  Jos W.M. Van der Meer1,3, Department of Medicine1

and Rheumatology2, University Medical Center St. Radboud
Nijmegen, and Nijmegen University Center of Infectious
Diseases3, The Netherlands

Toll-like receptor-4 (TLR4) is a pattern-recognition receptor for
both exogenous ligands such as lipopolysaccharide (LPS) of
Gram-negative bacteria, and for endogenous ligands such as
fibronectin, heat-shock proteins and hyaluronan olygosaccha-
rides. The Asp299Gly allele of the TLR4 gene has been associat-
ed with increased risk for severe infections, but reduced progres-
sion of atherosclerosis. We have investigated the consequences of
the presence of Asp299Gly polymorphism after stimulation of
mononuclear cells with lipopolysaccharide (LPS) from

Escherichia coli and Salmonella typhimurium, the fungal TLR4
microbial stimuli Candida albicans and Aspergillus fumigatus,
and the endogenous TLR4 ligand heat-shock protein-60 (hsp60).
No differences in the production of the proinflammatory
cytokines tumor necrosis factor (TNF), interleukin-1β (IL-1β), or
interferon-γ (IFNγ) was measured between patients bearing the
Asp299Gly allele or the wild-type allele, after challenge with all
the stimuli tested. Similarly, production of the antiinflammatory
cytokine interleukin-10 (IL-10) was similar between volunteers
with the wild-type allele, volunteers heterozygous for the
Asp299Gly allele and one volunteer homozygous for the TLR4
variant, when cells were stimulated with either of the LPS
species, A. fumigatus or hsp60. In contrast, after stimulation with
C. albicans, IL-10 synthesis was 56 + 12 pg/mL in individuals
bearing the wild type allele, 100 + 32 pg/mL in individuals het-
erozygous for the Asp299Gly allele, and 211 pg/mL in one indi-
vidual homozygous for Asp299Gly allele. As an increased IL-10
production has been shown to increase susceptibility to dissemi-
nated candidiasis, we have tested the presence of the Asp299Gly
polymorphism in patients with systemic candidemia. The
Asp299Gly polymorhism was present in 11 of 43 patients with
candidemia (26%), compared to 21 of 200 control volunteers
(10.5%), corresponding to an odds ratio of 2.9 (CI 1.3-6.6). In
conclusion, the presence of the Asp299Gly TLR4 polymorphism
does not result in defective pro- and antiinflammatory cytokine
production after stimulation with LPS, A. fumigatus or hsp60.
However, individuals bearing the Asp299Gly allele produce high-
er amounts of IL-10 compared to wild-type controls when stimu-
lated with C. albicans. The functional consequences of this dif-
ference are underlined by the increased susceptibility to dissemi-
nated candidiasis of individuals bearing the Asp299Gly allele,
this being the first genetic polymorphism shown to be a risk fac-
tor for a fungal infection.  

29
CpG MOTIFS OF BACTERIAL DNA CONTRIBUTE TO
THE PERPETUATION OF CHRONIC INTESTINAL
INFLAMMATION BY INTERACTION WITH TLR9.
Florian Obermeier, Nadja Dunger, Ulrike G. Strauch, Nicole
Grunwald, Jürgen Schölmerich, Werner Falk  Department of
Internal Medicine I, University of Regensburg, D-93042
Regensburg, Germany

Recently, we demonstrated a proinflammatory effect of CpG-
oligodesoxynucleotides (ODN) treatment in established chronic
DSS-induced colitis. To verify whether DNA derived from lumi-
nal bacteria plays a role in the perpetuation of intestinal inflam-
mation, we first investigated the effect of TLR9 deficiency.
Secondly, we used a therapeutic approach using adenoviral ODN
(AV-ODN) which block CpG-ODN effects. Eight weeks after
induction of chronic DSS-colitis in TLR9-deficient mice intes-
tinal inflammation was significantly lower (-68%) compared to
wild type (wt) control littermates and colonic IL-6 and TNF
expression was also drastically lower. Treatment of wt mice with
chronic DSS-induced colitis over 5 days with AV-ODN resulted
in a significant and dose-dependent amelioration of disease with
a reduced histologic score (-43%) compared to controls.
Concomitantly, cytokine production of mesenterial lymph node
cells was significantly reduced (IL-6: -67%; IFN-γ: -48%) as was
the expression of the Th1 specific transcription factor T-box
expressed in T-cells (T-bet) (-62%), TNF (-63%) and IL-6 (-95%)
in colonic tissue. In contrast both, colonic IL-10 expression and
IL-10 production from mesenteric lymph node cells, increased
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3.4-fold and 66%, respectively. In the SCID transfer model of
colitis AV-ODN application after the onset of colitis resulted in a
significantly reduced weight loss (AV-ODN: -2.9%, control:
–7.6%) and histologic score (-55%) compared to controls. Both
IFN-g and IL-6 secretion from mesenteric lymph node cells was
abrogated by the treatment.
We conclude, therefore, that bacterial DNA derived from luminal
bacteria functions via TLR9 as important mediator of immune
stimulation in established chronic intestinal inflammation and
contributes significantly to the perpetuation of chronic inflam-
mation. Inhibition of the immune stimulating properties of bacte-
rial DNA using AV-ODN may offer a novel and specific tool for
the treatment of IBD.

30
TOLL-LIKE RECEPTORS 7: TYPE I INTERFERON SIG-
NALING VIA MYD88, IRAK1, TRAF6 AND IRF-5/7. Annett
Schoenemeyer1, Eicke Latz1, Jun-Ichiro Inoue2, Betsy J. Barnes3,
Paula M. Pitha3, Katherine A. Fitzgerald1 and Douglas T.
Golenbock1, 1Division of Infectious Diseases & Immunology,
University of Massachusetts Medical School, Worcester,
Massachusetts, USA; 2Division of Cellular and Molecular
Biology, University of Tokyo, Tokyo, Japan; 3Sidney Kimmel
Comprehensive Cancer Center, Johns Hopkins University School
of Medicine, Baltimore, MD, USA.

Toll-like receptor (TLR) 7 strongly induces type I interferons
upon viral encounter or stimulation with Imiquimod or its deriv-
ative, Resiquimod (R-848). The induction of type I interferons
(IFN-a/b) requires the activation of several transcription factors,
including members of the interferon regulatory factor (IRF) fam-
ily. In contrast to TLR3, a well-characterized inducer of IRF3,
signaling via TLR7 preferentially activates IRF5 and 7 to induce
type I interferon activation. Furthermore TLR7 utilizes MyD88,
IL-1 receptor associated kinase (IRAK) 1 and TNF receptor asso-
ciated factor (TRAF) 6 to activate IRF5/7 and induce IRF target
genes. MyD88, IRAK1 and TRAF6 are not required to activate
IRF3 in TLR3 signaling, which instead uses the adaptor TRIF.
TLR7 therefore represents a TLR family member that activates
both NF-kB and IRF proteins via MyD88, IRAK1 and TRAF6.
Since TLR7 is preferentially expressed on plasmacytoid dendrit-
ic cells, the main type I interferon producing cell type in human
blood, our data additionally provide an initial insight of how the-
ses cells might activate type I IFNs upon viral infection.

31
BAX-DEPENDENT MITOCHONDRIAL DEPOLARIZA-
TION IS REQUIRED FOR IRF-3 ACTIVATION DURING
VESICULAR STOMATITIS VIRUS ONCOLYSIS  Ehssan
Sharif-Askari1, Stephanie Oliere1, Jennifer Harris1,  Rongtuan
Lin1,  John Bell2, John Hiscott1, 1Molecular Oncology Group, Lady
Davis Institute, McGill University, Montreal, Canada, 2Ottawa
Health Research Institute, Ottawa, Canada

Oncolytic viruses (OVs) such as VSV that selectively target and
kill tumor cells offer the promise of a new therapeutic modality
in oncology. Although induction of apoptosis by the host cell in
response to virus infection is detrimental to viral spread, the
molecular mechanisms of virus-induced apoptosis, the role of
mitochondria, and the regulatory role of IKKε/TBK1 in this
process have remained uncharacterized. Recently, our group
reported that IKK-related kinases-IKKε and TBK1- are compo-

nents of the virus-activated kinase mediating IRF-3 and IRF-7
phosphorylation and activation. In the current study, we define
the molecular pathway of apoptosis triggered following viral
infection and unravel the relationship between virus-induced
apoptosis and initiation of innate immune response using the
attenuated VSV strain, AV1. Our data clearly identified the intrin-
sic apoptotic pathway as a major pathway of VSV oncolysis.
While the rate of cell death in FADD or caspase-8 negative cells
was not affected following VSV infection, it was significantly
abrogated in Bcl-2 overexpressing or BaxBak knockout (KO)
MEFs. Conversely, virus replication and spreading were signifi-
cantly enhanced in the BaxBak KO MEFs compared to wild-type
cells. Despite the presence of high level of viral replication and
spreading in BaxBak KO MEFs, the induction of the host antivi-
ral response was significantly attenuated. A significant decrease
in IRF-3 phosphorylation was observed in BaxBak KO cells.
Electrophoretic mobility shift analysis confirmed the selective
decrease in IRF-3 activity as compared to NF-kB activity which
was significantly increased in the absence of apoptosis. Our data
reveal that Bax but not Bak pro-apoptotic protein is required for
the initiation of IRF-3 phosphorylation and activation, further
substantiating the role of apoptosis in the activation of innate
immune response. We therefore speculate that virus-induced
apoptosis through mitochondria may represent an early signal for
the initiation of innate immune response through the IFN path-
way.  

32
SYNERGISTIC ACTIVATION OF INNATE IMMUNITY
BY POLY-IC AND CPG DNA STIMULATES ENHANCED
ANTITUMOR ACTIVITY AGAINST ESTABLISHED B16-
F10 PULMONARY METASTASES. Mark M. Whitmore1,
Andrea E. Edling2, and Bryan R.G. Williams1.  Departments of
Cancer Biology1 and Immunology2, Lerner Research Institute,
The Cleveland Clinic Foundation, Cleveland, OH, USA.

Treatment of cultured murine macrophages with pIC and CpG-
containing oligodeoxynucleotides (CpG-ODN), i.e., synthetic
mimics of viral dsRNA and invertebrate DNA, in combination
synergistically stimulated induction of NOS2 and proinflamma-
tory cytokines in primary bone marrow derived macrophages
(BMMs). Intraperitoneal injection of the pIC/CpG-ODN combi-
nation resulted in synergistic levels of serum Interleukin-6 (IL-6)
and IL-12.  A single treatment with the pIC/CpG-ODN combina-
tion resulted in an enhanced antitumor effect for C57BL/6 mice
bearing B16-F10 experimental pulmonary metastases compared
to treatments with pIC or CpG-ODN alone. To determine the
effect of combined treatment on innate functions important in
tumor defense, we measured NOS2 expression in the lung as well
as expression of antigen presentation molecules on splenic den-
dritic cell (DCs). All functions were activated by treatments with
pIC alone, CpG-ODN alone, and pIC/CpG combination. Western
blot analysis of whole cell extracts from lungs indicated that
NOS2 expression was further enhanced by combined treatment.
Moreover, flow cytometry analyses of splenocytes indicated that
the combination also stimulated enhanced expression of class I
MHC and, to a lesser extent, class II MHC on CD11c-positive
splenocytes in comparison to treatments with each agent alone.
These findings suggest that a mechanism of NO-induced tumor
apoptosis and cross-presentation of tumor-associated antigen
may be in place to facilitate the enhanced antitumor effect.  To
understand molecular regulation of the synergy response, BMMs
from Toll-like receptor 3 knockout mice (TLR3-KO) were exam-
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ined for pIC/CpG synergism.  While the total levels of NO and
cytokine release were reduced in cells lacking TLR3, the residual
responses remained synergistic with a degree of synergy that was
greater that that observed with wild-type BMMs.  Thus, the TLR9
pathway appears to interact with TLR3-dependent and TLR3-
independent dsRNA response pathways to facilitate the synergis-
tic response.

33
DIFFERENTIAL INDUCTION OF APOPTOSIS BY LPS
AND TAXOL IN MONOCYTIC CELLS  Tao Li, Jean Hu,
James Thomas, and Liwu Li.  Department of Medicine/Molecular
Medicine, Wake Forest University School of Medicine, Winston
Salem, NC 27157

Numerous microbial as well as other stimulants including
lipopolysaccharide and taxol can activate TLR4, and elicit diverse
downstream signaling events including cytokine gene expression
and cell growth regulation.  With a mechanism not completely
understood, different TLR4 stimulants induce distinct cellular
responses.  Our present studies showed that Taxol, not LPS
induced cell apoptosis in human monocytic THP-1 cells, as indi-
cated by PARP cleavage, as well as bcl-2 phosphorylation.
Pretreatment of cells with LPS abolished subsequent taxol effect,
suggesting that certain signaling component(s) involved in taxol-
mediated apoptosis was (were) disrupted by LPS pretreatment.
Since the decrease in IRAK-1 level closely accompanies pro-
longed LPS treatment in monocytic cells, we investigated the
IRAK-1 status upon various taxol and LPS challenges.  We
observed that only LPS, not taxol, caused dramatic decrease in
IRAK-1 protein levels.  Using splenic macrophages harvested
from IRAK-1 knockout and control mice, we further demonstrat-
ed that the presence of IRAK-1 is required for taxol-induced
PARP cleavage.  

34
VACCINIA VIRUS A46R TARGETS MULTIPLE TOLL-
LIKE RECEPTOR ADAPTORS AND CONTRIBUTES TO
VIRULENCE. Julianne Stack, Ismar Haga#, Martina
Schroeder, Geraldine Maloney, Geoff Smith# and Andrew Bowie,
Department of Biochemistry, Trinity College Dublin, Dublin 2,
Ireland and #Department of Virology, Imperial College London,
UK.

Toll-like receptors (TLRs) play a crucial role in host defence
against invading microorganisms by mediating pro-inflammatory
signalling cascades, mainly through their cytoplasmic TIR
domains. A46R is the only viral protein so far identified to have
a TIR domain.  Initial studies revealed that A46R could inhibit
interleukin-1 (IL-1), but not tumour necrosis factor-induced
NFκB activation (Bowie et al., (2000) PNAS 97, 10162-10167),
suggesting a role for the protein in immune evasion. Here we
show that A46R also blocked multiple signals emanating from
TLR4, suggesting that it was acting on a molecule close to the
receptor complex that was also required for IL-1 signalling.
Immunoprecipitation and GST-Pulldown experiments revealed
that A46R targeted MyD88, a TIR adaptor molecule used by both
IL-1 and TLR4, while further studies showed A46R blocked
MyD88-dependent pathways in murine macrophages. This is the
first example of a viral protein targeting MyD88. Examination of
other TIR-containing proteins showed that A46R could target
Mal, an adaptor exclusively used by TLR2 and TLR4, while it did

not associate with non-TIR containing adaptors such as TRAF2.
A46R was found to inhibit TLR-4 dependent signalling pathways
and to interact with other members of the TLR4 receptor com-
plex, including TRIF, TRAM and TLR4 itself. TLR3 and TLR4
induce TRIF-dependent anti-viral signalling pathways leading to
IRF3 activation, and these were found to be sensitive to A46R.
Both MyD88- and TRIF-dependent gene induction were also
blocked by A46R. Further, a recombinant virus lacking A46R
was found to be attenuated in a murine intranasal infection
model. The results suggest that A46R contributes to VV virulence
by targeting multiple TIR adaptor molecules. The action of A52R,
another VV protein, has already been described (Harte et al.,
(2003) J. Exp. Med. 197, 343-351). A52R inhibits TLR3-induced
NFκB, but not IRF3 activation.  In contrast, A46R inhibits TLR3-
induced IRF3 activation, probably by directly interacting with
TRIF, but not NFκB. Therefore, the two poxvirus proteins are not
redundant in their function, but target different signalling path-
ways emanating from TRIF.

35
RESTORATION OF NF-κκB ACTIVATION WITH TNFαα
RECEPTOR COMPLEX-TARGETED MEKK3 IN RIP-
DEFICIENT CELLS  Marzenna Blonska1, Yun You1, Romas
Geleziunas2, and Xin Lin1, 1Department of Microbiology and
Immunology, School of Medicine and Biomedical Sciences,
University at Buffalo, State University of New York, Buffalo, NY,
USA, 2Merck Research Laboratories, West Point, PA, USA.

Receptor-interacting protein (RIP) plays a critical role in TNFα-
induced NF-κB activation. However, the mechanism by which
RIP mediates TNFα-induced signal transduction is not fully
understood. In this study, we reconstituted RIP-deficient Jurkat T
cells with the fusion protein composed of full-length MEKK3
and the death domain of RIP (MEKK3-DD). In these cells,
MEKK3-DD substitutes for RIP and directly associates with
TRADD in TNF receptor complexes following TNFα stimula-
tion. We found that TNFα-induced NF-κB activation was fully
restored by MEKK3-DD in these cells. In contrast, expression of
a fusion protein composed of NEMO, a component of the IKK
complex, and the death domain of RIP, NEMO-DD, cannot
restore TNFα-induced NF-κB activation in RIP-deficient cells.
These results indicate that the role of RIP is to specifically recruit
MEKK3 to the TNFα receptor complex, whereas the forced
recruitment of NEMO to the TNFα receptor complex is insuffi-
cient for TNFα-induced NF-κB activation. Although MEKK2
shares a high degree of homology with MEKK3, MEKK2-DD,
unlike MEKK3-DD, also fails to restore TNFα-induced NF-κB
activation in RIP-deficient cells, indicating that RIP-dependent
recruitment of MEKK3 plays a specific role in TNFα signaling.

36
MONITORING B CELL RESPONSES TO CYTOKINES
AND BCR ENGAGEMENT USING A NOVEL
MULTIPLEX TRANSCRIPTION FACTOR ASSAY  M.M.
Brodey, S. Dhandapani, Y. Wu, R. Brandt, and J.A. Mikovits,
BioSource International, 542 Flynn Road, Camarillo, CA USA

B cell receptor (BCR) engagement produces several cellular
responses, including enhancement of proliferation, differentia-
tion, and in some cases, apoptosis. Our recent studies have
focused on determining interaction between cytokine receptor
signaling and B cell receptor signaling. In previous studies, we
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observed that pre-stimulation of Raji cells, an early B cell line,
with IL-6 or CD40L enhances BCR engagement-dependent Ca2+

flux, BLNK [pY84] (a PLC-γ2 binding site) phosphorylation
state, cytokine production, and phosphorylation state of the
downstream kinases AKT, p38 MAPK, and JNK. In the present
study, we extend our observations to nuclear events using a novel
multiplex assay for profiling transcriptional activity, developed
on the Luminex xMap platform. The multiplex transcription fac-
tor assay is a modified nuclease protection assay that can be com-
pleted in under 4 hours. In performing the assay, transcription
factors contained within nuclear extracts are first reacted with
biotinylated oligonucleotide probes that contain binding sites for
specific transcription factors. Following a brief incubation, the
oligonucleotide probes are then digested with nuclease,
hybridized to DNA-conjugated fluorescently encoded beads, and
reacted with SAV-RPE for analysis using the Luminex xMAP
system. Using this technology, we profiled 10 transcription fac-
tors (NF-κB, YY1, CREB, EGR, SRE, AP2, NF-1, HIF, NFAT,
and PPAR) within unstimulated Raji nuclear extracts, and
observed activation in cells pre-stimulated with IL-6 or CD40L,
followed by BCR cross-linking. Our results demonstrate the util-
ity of this novel assay in transcription factor profiling studies.

37
IFNββ INDUCES SECRETED IL-1RA PRODUCTION IN
HUMAN MONOCYTES THROUGH A PI3K-DEPEN-
DENT, STAT1-INDEPENDENT PATHWAY  Nicolas
Molnarfi, Lyssia Gruaz, Jean-Michel Dayer and Danielle Burger,
Division of Immunology and Allergy, Clinical Immunology Unit,
Faculty of Medicine, University Hospital, Geneva, Switzerland

Interferon-β (IFNβ) induces the production of soluble inter-
leukin-1 receptor antagonist (sIL-1Ra) without triggering synthe-
sis of the IL-1β agonist in human monocytes. This might account
for its anti-inflammatory properties. Canonically, IFNβ signals
through activation of Janus kinase/signal transducer and activator
of transcription (Jak/STAT) pathway, although phosphoinositol-3
kinase (PI3K) and mitogen-activated protein (MAP) kinase have
also been involved. Here we investigate the role of PI3K, mitogen
activated and extracellular regulated kinase kinase (MEK) 1 and
STAT1 in IFNβ-induced sIL-1Ra production in freshly isolated
human blood monocytes. Using the respective inhibitors of PI3K
and MEK1, Ly294002 and PD98059, we demonstrated that PI3K
but not MEK1 activation is essential for sIL-1Ra production in
monocytes treated with IFNβ. The use of cycloheximide and acti-
nomycin D shows that sIL-1Ra was an immediate early gene
induced by IFNβ and that PI3K was controlling sIL-1Ra gene
transcription. Although both inhibitors of PI3K and MEK1
diminished the Ser727 phosphorylation of STAT1 induced by
IFNβ, only Ly294002 inhibited sIL-1Ra production, suggesting
that STAT1 was not involved in sIL-1Ra gene induction. This was
confirmed in monocytes that were tranfected with small interfer-
ing RNA specifically targeting STAT1. Indeed, monocytes in
which effective STAT1 gene knockdown was achieved were fully
responsive to IFNβ in terms of sIL-1Ra production. Taken togeth-
er, the present data demonstrate that the induction of sIL-1Ra
production by IFNβ in monocytes involved PI3K but not STAT1
activation.

38
MITOTIC DELAY, CYCLIN DEPENDENT SIGNALING,
AND APOPTOSIS ASSOCIATED WITH RADIATION-

INDUCED DOUBLE STRAND BREAKS IN NIH/3T3
FIBROBLAST. Mickael J. Cariveau1,2, Charles J. Kovacs2, Ron R.
Allison2, and Mark Evans2.  1Department of Physics, East Carolina
University, Greenville, NC, USA, 2Department of Radiation
Oncology, The Brody School of Medicine, Greenville, NC, USA.

Molecular responses to radiation induced DNA double strand
breaks (DSB) are mediated by the phosphorylation of the histone
variant H2AX which forms identifiable γ-H2AX foci at the site
of the DSB.  This phosphorylation event is generally thought to
be linked to the activation of the p53 tumor suppressor protein
which may result in the inhibition of the regulatory proteins con-
trolling cell cycle progression, and/or the induction of mitochon-
drial mediated apoptosis via the activation of the pro-apoptotic
Bax protein.  Moreover, it is unclear whether these cellular
responses are directly related to the number of DSB (γ-H2AX
foci) sustained by an irradiated cell and, if so, whether this num-
ber drives cells into division delay or apoptosis.  For this reason,
studies were conducted in the immortalized NIH/3T3 fibroblast
cell in order to establish correlations between the temporal
appearance of the γ-H2AX foci (a DSB) and the expression of the
cell cycle regulatory proteins, cyclin B1 and cyclin E, their cyclin
kinase inhibitor, p21, the tumor suppressor protein, p53, and the
Bax pro-apoptotic protein. Autoradiographic and flow cytometric
analysis projected a mitotic delay of 1.4 min/cGy for the
NIH/3T3 cell line.  Apoptosis was assessed by the expression of
both Caspase 3 and annexin V.  Correlations between the expres-
sion of cyclin B1, cyclin E, p21, p53, and Bax and the generation
of DSB were established in NIH/3T3 cells exposed to 4.0Gy and
the data was consistent with a correlative paradigm between the
temporal appearance of the DSB and the downregulation of
cyclin B1 and cyclin E, and the upregulation of the p53, p21, and
Bax protein. Furthermore, the data collectively suggests that in
the NIH/3T3 cell, a threshold level of DSB appears to mediate
cyclin dependent mitotic delay versus the induction of apoptosis. 

39
INTERLEUKIN-1 ALPHA (IL-1α) RADIOPROTECTION
OF THE MURINE COLONIC EPITHELIUM: DOWN-
REGULATION OF THE CASPASE RESPONSE. Elizabeth
S. Smith1,2, Charles J. Kovacs2, Mark J. Evans2, Mickael J.
Cariveau1,3, Roberta M. Johnke2, Ron Allison2.  Departments of
1Biology, 2Radiation Oncology, and 3Physics, Brody School of
Medicine, East Carolina University, Greenville, North Carolina,
USA.

The radioprotective properties of IL-1α on the hematopoietic
system are well known.  While IL-1α is also known to protect the
gastrointestine (GI) from the acute effects of radiation damage,
little is known of the mechanism(s) involved in this radioprotec-
tion.  Moreover, IL-1α is known to initiate intracellular signals
leading to both “recovery” as well as apoptotic pathways, the for-
mer has been proposed to provide a possible mechanism for pro-
tection against exogenous genotoxic damage.  For this reason,
studies were designed to establish whether IL-1α interferes with
the induction of apoptosis by downregulating members of the
caspase cascade leading to apoptosis in irradiated GI tissue. IL-
1α was administered to C57Bl/6 mice 24 hrs prior to the animals
receiving a dose of 8.0 Gy of regional abdominal irradiation
(xRT).  At designated times following IL-1α and xRT, groups of
4-5 mice were sacrificed and the GI tissues prepared for histo-
logical and immunohistological analysis.  In the colon, crypt size
was unaffected by IL-1α while xRT reduced the crypt cellularity

12 INTERNATIONAL CYTOKINE SOCIETY



to ~70 % of control within 48 hr of xRT and the combination of
IL-1α + xRT reduced crypt size to ~90% of control.
Corresponding to this loss of crypt cellularity, the expression of
both caspase 3 and caspase 9 were markedly dampened in the
cells of the colonic crypts of mice receiving the combination of
IL-1α + xRT when compared to mice receiving xRT alone indi-
cating a disruption in the caspase cascade leading to xRT-induced
apoptosis by IL-1α.  The data will be compared with similar stud-
ies in the jejunal crypts and, in addition, because of the presence
of both p53-dependent and independent apoptosis in the GI, cor-
relations will be made between caspase and p53 (in the nuclear
and mitochondrial regions) expression within the GI crypt cells.

40
NOVEL SIGNALLING REQUIREMENTS FOR THE
CLASS II HLA AND ANTIVIRAL RESPONSES TO
INTERFERON-G  Ana P. Costa-Pereira*,1, Heike M. Hermanns*,2,
Hayaatun Is’harc*,1, Timothy M. Williams*,1, Diane Watling*,1,
Velmurugesan Arulampalam3, Sally J. Newman1, Peter C. Heinrich2

and Ian M. Kerr1, 1Cancer Research UK - London Research
Institute, 44 Lincoln’s Inn Fields, London WC2A 3 PX, United
Kingdom, 2Institut fuer Biochemie, Uniklinik RWTH Aachen,
Pauwelsstr. 30, 52074 Aachen, Germany, 3Oncology and
Pathology, Karolinska institute, Stockholm 171 76, Sweden

Activation of STAT1 and the IFN-γ response are thought to be
mediated exclusively through the Y440 motif of the human
IFNGR1 receptor subunit. Here it is shown that IFNGR1 with a
mutant (Y440F) motif, when stably expressed in IFNGR1-nega-
tive human fibroblasts at levels similar to wild type, mediates a
partial IFN-γ response. STAT1 activation is prolonged although
at lower levels and IFN-γ-inducible genes (γ-ISGs) are selective-
ly expressed. The induction of GBP-1 and IRF-1 mRNAs, for
example, is relatively unaffected, whereas that of SOCS1 and 3,
CIITA and Class II HLAs is substantially reduced and the antivi-
ral response to EMC virus is minimal for the mutant receptor.
Signalling through the mutant receptor appears qualitatively as
well as quantitatively distinct from wild-type. Remarkably, simi-
lar selective defects in the CIITA, Class II HLA and antiviral
responses to IFN–γ are observed in human fibrosarcoma cells
expressing a mutant JAK1. The data suggest that: (i) prolonged
activation of STAT1 is not sufficient to mediate a full IFN-γ
response; (ii) the IFNGR1 Y440 motif is essential for the recruit-
ment of an additional signal(s) rather than uniquely for STAT1;
(iii) alternative activation of STAT1 can be mediated by the
JAK/receptor complex independent of tyrosine phosphorylation
of the Y440 motif. Indeed, STAT1 activation and induction of γ-
ISGs can also occur through a truncated receptor lacking all
known STAT recruitment motifs. Differences between the differ-
ent human systems and versus data from mouse cells re-empha-
sises the importance of cellular background in determining the
response.

41
REGULATION OF IRF-7 AND IFN-αα PRODUCTION BY
ENVELOPED VIRUS AND LPS IN HUMAN PLASMACY-
TOID DENDRITIC CELLS  Jihong Dai, Nicholas J.
Megjugorac, Sheela B. Amrute, and Patricia Fitzgerald-Bocarsly,
Pathology, UMDNJ-NJ Medical School-GSBS,USA

Although IRF-7 is known to play an essential role in virus-acti-
vated transcription of IFN-α genes, the molecular mechanisms of

IFN-α  production in human primary cells remain poorly under-
stood. Plasmacytoid dendritic cells (PDC) are major producing
cells of IFN-α in response to enveloped virus or CpG DNA.
Because PDC are rare cells, representing only approximate-
ly~0.1% of PBMC, there are a lot of limitations for the method to
investigate the role of IRF-7 in virus-induced IFN-α production
in PDC. In this study, we have used the combination of four-color
intracellular flow cytometry and immunofluorescence
microscopy to study the protein levels of IRF-7 to further inves-
tigate the molecular mechanisms of virus-induced IFN-α pro-
duction in human PDC. We demonstrate that (i) enveloped virus,
but not LPS is able to induce the production of IFN-α in PDC;
(ii) IRF-7 appears to be regulated at two distinct levels in PDC:
while expression of the IRF-7 is induced by both virus and LPS
via the NF-κB dependent pathway, the transactivation function of
IRF-7 is only modulated by virus stimulation, not by LPS; and,
(iii) although LPS by itself is not able to induce IFN-α produc-
tion, it can potently up-regulate the magnitude and accelerate the
kinetics of virus-induced IFN-α production in PDC. In contrast
to the current concept of IFN-α regulation established in cell
lines, this study strongly supports the immediate availability of
high constitutive levels of IRF-7 expression in PDC, and suggests
a distinct pathway for IRF-7 activation that contributes to IFN-α
production in virus-stimulated PDC.  

42
A PROTOCOL FOR ANALYSIS OF MAPK ACTIVATION
IN WHOLE BLOOD John DeSimone, Mark Donovan, Jimin
Wang, and Kevin Reagan, BioSource International, Inc.,
Camarillo, CA, USA

Whole blood is a convenient sample type for evaluation of phar-
macokinetics and drug potency. Direct analysis of a MAPK
inhibitor by showing suppression of downstream activation of
MAPK pathways can be accomplished using assays that specifi-
cally quantitate the phosphorylation state of specific proteins. To
assess this system, we evaluated 2 key parameters in the MAPK
pathway, p38 and MEK1.  Whole blood from healthy volunteers
was collected in heparinized tubes and treated with Anisomycin,
PMA, or LPS to stimulate specific pathways and induce cytokine
expression.  After treatment, red blood cells were lysed using a
hypotonic buffer, white blood cells harvested and cell extracts
prepared.   The quantitative levels of p38 [pTpY180/182xxx] and
MEK1 [pSpS218/222] were measured by a phosphorylation state
specific ELISA. Results were normalized to the level of total p38
or MEK1, also measured by ELISA. Anisomycin and PMA
induced activation and phosphorylation of p38MAPK and
MEK1, respectively.  Specific inhibitors of these pathways sup-
pressed activation in a dose dependent fashion. The stability of
inhibitor suppression in whole blood is under investigation to
determine whether a standardized method for whole blood analy-
sis can serve as a useful biomarker in the evaluation of drug effi-
cacy. 

43
REGULATION OF INNATE AND ADAPTIVE IMMUNE
RESPONSES BY MAP KINASE PHOSPHATASE 5
Yongliang Zhang1, Joseph N. Blattman1, Norman J. Kennedy2,
Julie Duong1, Thang Nguyen1, Ying Wang1, Roger J. Davis2,
Philip D. Greenberg1, Richard A. Flavell3,4 and Chen Dong1,4,
1Department of Immunology, University of Washington, Seattle,
WA 98195-7650, USA. 2Howard Hughes Medical Institute,
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University of Massachusetts, Worcester, MA, USA, 3Section of
Immunobiology, Howard Hughes Medical Institute, Yale
University, New Haven, CT 06520, USA

MAP kinases are essential regulators in immune responses. Their
activities are modulated by kinases and phosphatases. MAP
kinase phosphatase (MKP) is a family of dual specificity phos-
phatases whose function is conserved throughout evolution. A
number of mammalian MKPs have been identified to date, but
their specific physiological functions in negative regulation of
MAP kinases have not been genetically defined. Here we exam-
ine innate and adaptive immune responses in the absence of
MKP5. JNK activity was selectively increased in Mkp5-/- cells.
Mkp5-deficient cells produced greatly enhanced levels of pro-
inflammatory cytokines during innate immune responses and
exhibited increased T cell activation compared to their wild-type
counterparts. However, Mkp5-/- T cells proliferated poorly upon
activation, which resulted in increased resistance to experimental
autoimmune encephalomyelitis. By contrast, Mkp5-deficient
CD4 and CD8 effector cells produced significantly increased
amounts of cytokines than wild-type cells, which led to much
more robust and rapidly fatal immune responses to secondary
LCMV infection. Therefore, MKP5 is a key player in both innate
and adaptive immune responses, and represents a novel target for
therapeutic intervention of immune diseases. 

44
DISRUPTION OF THE INTERFERON-γ TRANSCRIP-
TION FACTOR STAT-1αα IN PANCREATIC ISLETS
INHIBITS SUSCEPTIBILITY TO β-CELL KILLING C.
Gysemans1, L. Ladière2, H. Callewaert1, P. Matthys3, D. Eizirik2

and C. Mathieu1, 1LEGENDO, K.U.Leuven, 2Experimental
Medicine, U.L.Bruxelles, 3Immunobiology, K.U.Leuven, BEL-
GIUM

Inflammatory mediators such as cytokines, especially IL-1β and
IFN-γcontribute to β-cell death. We previously demonstrated that
IRF-1 and STAT-1 play key roles in cell death by IL-1β and IFN-
γ in rodent islets. Therefore we hypothesised that lack of IRF-1 or
STAT-1 expression in mouse islets would lead to a resistance
against cytokine aggression and might delay immune-mediated
β-cell destruction. In order to study this hypothesis, we evaluated
the susceptibility of whole islets to cytokine-induced cell death in
vitro and to immune destruction in a model of islet transplanta-
tion. Our first objective was addressed by assessment of islet via-
bility in whole islets from IRF-1 and STAT-1 knockout and con-
trol C57BL/6 islets after exposure for 5 days to IL-1β + IFN-γ.
For the second objective, 500 islets isolated from IRF-1-/-, STAT-
1-/- and C57BL/6 mice were transplanted under the kidney cap-
sule of either alloxan-induced diabetic BALB/c or spontaneously
diabetic NOD mice. In in vivo experiments, blood glucose levels
were evaluated daily. Results. Here we demonstrate that islets
lacking IRF-1 have a lower degree of cell destruction as com-
pared to C57BL/6 islets after cytokine exposure (31 ± 4% versus
85 ± 3% in the wt islets, p<0.0001), while a complete resistance
against cytokine-induced cell death was observed in islets from
STAT-1-/- mice (6 ± 1% versus 78 ± 13% in the wt islets,
p<0.005). Surprisingly, allograft rejection of IRF-1 -/- islets in
BALB/c mice (n = 9) occurred more rapidly as compared to
C57BL/6 islets (n = 9) (MST 9.1 ± 2.0 days versus 13.1 ± 1.5
days, p<0.05), indicating a higher susceptibility to islet allograft
destruction; while in the absence of STAT-1 (n = 6), islet allograft
survival was comparable to that observed in islets from C57BL/6

donors (MST 12.4 ± 1.0 days versus 13.1 ± 1.5 days, p = NS).
Similar observations were made with the NOD mice as islet
recipient. In conclusion, this suggests that STAT-1 mediates detri-
mental effects in β-cell killing.

45
REGULATED NUCLEAR LOCALIZATION OF THE
STAT5 TRANSCRIPTION FACTOR  Janaki Iyer, Ling Liu and
Nancy C. Reich, Department of Pathology, Stony Brook University,
Stony Brook, New York USA 11794

The signal transducer and activator of transcription, STAT5, is a
primary mediator of the developmental responses to specific hor-
mones such as growth hormone, prolactin, interleukin-2, and ery-
thropoietin.  Therefore STAT5 is a critical regulator of body
growth, mammary gland development, T cell proliferation, and
erythrocyte development.  In addition, STAT5 has been shown to
be an essential mediator of proliferation in the T cell acute lym-
phoblastic leukemia caused by the TEL-JAK2 chromosomal
translocation.  For these reasons we have evaluated the regulation
of STAT5 nuclear-cytoplasmic localization.  All STAT proteins
are activated in response to tyrosine phosphorylation and they
subsequently dimerize via SH2-phosphotyrosine interactions.
This dimerization enables the STAT proteins to bind specific
DNA target sites and induce gene expression.  We have evaluated
the localization of STAT5a tagged with green fluorescent protein
(STAT5a-GFP) in response to growth hormone stimulation.  We
found that latent STAT5a is present in both nuclear and cytoplas-
mic compartments of the cell.  Using a specific tyrosine mutation
it is clear that there is constitutive localization in the nucleus
independent of tyrosine phosphorylation.  An amino terminal
region of STAT5a is critical for this constitutive nuclear accumu-
lation.  Treatment of cells with leptomycin B, an inhibitor of the
CRM1 exportin carrier, does not lead to further nuclear accumu-
lation of unphosphorylated STAT5a.  Following stimulation with
growth hormone and STAT5a tyrosine phosphorylation, there is a
rapid increase in STAT5a nuclear accumulation. Studies with a
DNA binding mutation of STAT5a demonstrate nuclear import
following tyrosine phosphorylation, but rapid nuclear export that
is dependent on the CRM1 carrier.  These results suggest that
STAT5a may have a constitutive nuclear localization signal as
well as a nuclear localization signal that is dependent on tyrosine
phosphorylation. 

46
IL-22 CAN ENHANCE ACTIVITY OF IFN-γγ THROUGH
THE IFN-γγ RECEPTORS CHAINS  Lara S. Izotova,
Christopher D. Krause, Barbara Schwartz, Youngsun Kim, Olga
V. Mirochnitchenko, Naomi Logsdon1, Mark R. Walter1 and
Sidney Pestka.  Department of Molecular Genetics, Microbiology
and Immunology. UMDNJ-Robert Wood Johnson Medical
School, Piscataway, NJ USA, 1Department of Microbiology,
University of Alabama, Birmingham, AL, USA

IL-22 belongs to the class 2 cytokines and is involved in inflam-
matory responses.  IL-22 requires two receptor chains to assem-
ble the functional canonical IL-22 receptor complex:  the high-
affinity IL-22R1 chain and the low-affinity signaling chain
IL10R2, shared with the IL-10, IL-26, and IL-28/29 receptor
complexes.  On the other hand, IFN-γ signals through a receptor
complex that consists of two distinct receptor chains: IFN-γR1
and IFN-γR2.  Nevertheless, both IFN-γ and IL-22 share some
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common signalling pathways such as activation of JAK tyrosine
kinases leading to phosphorylation STAT1 and STAT3, and
induction of an inflammatory state.  Hypothesizing crosstalk
between IL-22 and IFN-γ signaling pathways, we studied the
interaction of IL-22 with various receptor components of the
IFN-γ receptor complex.  Crosslinking studies of [32P]IL-22 to
cells containing either or both IFN-γR1 and IFN-γR2 chains sug-
gest that IL-22 interacts directly with the IFN-γR1 and IFN-γR2
chains.  We further tested IL-22 for the ability to signal through
the chains of the IFN-γ receptor complex and activate STAT pro-
teins by using EMSA assays with lysates from hamster CHO 16-
9 and q3 cells stably transfected with IFN-γR2 or IL-10R2 alone
or with receptor pairs reconstituting IFN-γ or IL-22 receptor
complexes.  We showed that CHO 16-9 cells expressing IFN-γR2,
IL-10R2, or IL-22R1/γR1 and IL-10R2 respond to IL-22 by
inducing STAT1 activation.  Biological responses of IL-22 were
measured in luciferase assays with CHO 16-9 cells containing the
IFN-γR1 receptor chain together with either IFN-γR2 or IL-
10R2.  We found that IL-22 in a dose-dependant manner dramat-
ically increased the response to human IFN-γ in hamster cells
expressing both human IFN-γ receptor chains, but not in cells
with human IL-22 receptor chains.  The ability to alter the
responses of IFN-γ by endogenous or exogenous regulators such
as IL-22 could be beneficial in modulating some diseases and
could have therapeutic implications.

47
A PAN PKC INHIBITOR DIFFERENTIALLY REGU-
LATES TLR-3 MEDIATED SIGNALING PATHWAY IN
HUMAN DENDRITIC CELLS Jolyn Johnson1, Ezra Aksoy1,
Fabienne Willems1, Michel Goldman1, Universite Libre de
Bruxelles, Laboratory of Experimental Immunology1, Brussels,
Belgium 

Dendritic cells (DC) are equipped with various Toll-like receptors
(TLR), which recognize molecular patterns specific to pathogens.
During infection, DC undergo a process of maturation which
results in the up-regulation of major histo-compatability complex
(MHC) and co-stimulatory molecules and the production of
numerous cytokines that are important for the initiation of a rapid
and appropriate T-cell mediated immune response.  DC response
to viral assault occurs through TLR-3 ligation of viral double
stranded-RNA (dsRNA).  TLR-3 engagement by viral dsRNA or
it’s synthetic mimetic counterpart polyinosine-polycytidylic acid
(poly (I:C)), leads to the induction of TH-1 skewing cytokines
and importantly the potent Type I interferons IFN-α and IFN-β.
This occurs via recruitment of the adaptor molecule TIR domain
containing adaptor inducing interferon-beta (TRIF), activation of
tank binding protein kinase 1 (TBK-1) and the non-canonical I-
Kappa-B kinase epsilon (IKKε), which leads to subsequent phos-
phorylation of interferon regulatory factor 3 (IRF-3).  TLR-3 sig-
naling has a bifurcation point at the TRIF molecule that yields
IRF-3 and nuclear factor kappa B (NF-κB) phosporylation.  IFN-
β gene induction is initiated by the holoenzyme comprising, IRF-
3, NF-κB and activator protein-1 (AP-1).  Inhibition of protein
kinase C α/β (PKC α/β), a cytosolic signal transducer, by either
a pan PKC inhibitor, Bisindolylmaleimide (Bis), or a specific
PKC α/β inhibitor Go 6976, leads to a significant decrease in
IFN-β secretion and no effect on TNF-α, in response to poly
(I:C).  This inhibitory effect is also seen at the IFN-β mRNA
level.  Using the reporter assay system we demonstrate that PKC
inhibition has no effect on NF-κB, which is activated normally in
the presence or not of the inhibitors.  Conversely we show a

decrease in IRF-3  and the binding activity of IRF binding motifs
such as interferon stimulated response element (ISRE) and posi-
tive regulatory domain III-I (PRD III-I) luciferase activity in the
presence of the PKC inhibitors.

48
THE INTRACELLULAR DOMAIN OF CRF2-4 IS
REQUIRED FOR IL-10 RECEPTOR SIGNALING  Barbi A.
Judd1, Brian K. Weaver1, Koon S. Lai2, and Robert D. Schreiber1,
1Washington University School of Medicine, St. Louis, Missouri,
USA

Signals initiated following engagement of the IL-10 receptor (IL-
10R) lead to an inhibition of inflammatory responses and pre-
vention of subsequent tissue damage.  Although the signaling
mechanism of the IL-10R has been modeled after that of the
IFNg receptor (IFNgR), significant differences between the two
receptor systems have become apparent.  IFNgR signaling oblig-
atorily requires both receptor chains, IFNgR1 and IFNgR2, and
their associated kinases, JAK1 and JAK2 respectively.  In con-
trast, IL-10R signaling requires IL10R1 and its associated Jak1,
and CRF2-4 (IL10R2) but not its associated Tyk2.  To further our
understanding of IL-10 signaling, we initially asked what role
CRF2-4 might play in this pathway in the absence of Tyk2.
Unexpectedly, our studies with IL-10 treated bone marrow
derived macrophages (BMM) from Tyk2-/- mice revealed a defect
in the kinetics of STAT3 activation.  Both STAT3 phosphoryla-
tion and DNA binding activity were delayed in TYK2-/- BMM
compared to wildtype BMM but equilibrated by10 minutes post
addition of IL-10.  In agreement with earlier reports, we found no
evidence that this delay in STAT3 activation significantly alters
downstream responses to IL-10 including immediate early gene
expression and inhibition of pro-inflammatory gene induction.
Since we demonstrated that TYK2 and the intracellular domain
(ICD) of CRF2-4 interact in vitro, we postulated cells lacking the
CRF2-4 ICD would display a similar delay in STAT3 activation.
However, we found that while IL-10 signaling in BMM derived
from CRF2-4-/- mice can be reconstituted following enforced
expression of full length CRF2-4, no IL-10 induced Stat3 activa-
tion was observed in CRF2-4-/- BMM engineered to express a
mutant form of this receptor lacking the ICD.  Therefore, where-
as the ICD of CRF2-4 is critically required for IL-10 signaling,
the associated kinase Tyk2 is not.  

49
MEP50, A STIMULATOR OF METHYLTRANSFERASE
ACTIVITY OF PROTEIN ARGININE METHYLTRANS-
FERASE 5  Youngsun Kim1, Lara Izotova1, Zihong Yang1, Olga
Mirochnitchenko1, Jin H. Lee1, Jeffry R. Cook1, Tina L.
Branscombe2¶, Steven Clarke2 and Sidney Pestka1, 1Department of
Molecular Genetics, Microbiology and Immunology, University
of Medicine and Dentistry of New Jersey-Robert Wood Johnson
Medical School, Piscataway, NJ, USA, 2Department of chemistry
and Biochemistry and the Molecular Biology Institute, UCLA,
Los Angeles, CA, USA.

There is a renewed interest in posttranslational modification of
proteins by arginine methylation with seven kinds of protein argi-
nine methyltransferase (PRMT 1-7) having been discovered so
far. Among them, PRMT5/JBP1 (Janus Kinases binding protein)
was discovered in our laboratory during investigation of proteins
involved in Jak-Stat pathway of interferon signal transduction.
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Previous studies have showed that PRMT5 is involved in
cytokine signaling. PRMT5 has also been shown to play a role in
transcriptional regulation, RNA splicing, cell proliferation and
the Epstein-Barr virus infection pathway. To extend understand-
ing of the biochemical properties of PRMT5, we purified intra-
cellular and secretion forms of FLAG-PRMT5 overexpressed in
COS1 cells on an anti-FLAG M2 agarose column. After protein
purification, the methyltransferase activity of PRMT5 was meas-
ured with myelin basic protein (MBP) as a substrate in vitro.
Interestingly, the secretion form of purified PRMT5 was not able
to methylate MBP, while the intracellular PRMT5 was. Based on
PAGE analysis and other reports as well as a yeast two-hybrid
study, we identified MEP50 as a potential co-factor necessary for
the full methyltransferase activity of PRMT5. We overexpressed
FLAG-PRMT5 and myc-MEP50 in COS1 cells. The cell lysate
was immunoprecipitated with antibody to FLAG- or myc tag. We
confirmed the interaction between PRMT5 and MEP50.
Increasing the level of MEP50 increased the methyltransferase
activity of PRMT5 significantly. We thus concluded that MEP50
is an accessory factor for the methyltransferase activity of
PRMT5. The association of MEP50 and PRMT5 required an in
vivo environment; in vitro mixing of separate lysates with over-
expressed PRMT5 and MEP50 did not show the same association
between PRMT5 and MEP50. When MBP was used as a sub-
strate for methylation, amino acid analysis by HPLC showed a
similar pattern of methylted arginine products (mainly
monomethyl arginine and symmetric dimethyl arginine) by
PRMT5 regardless of MEP50 over-expression. 

50
DIFFERENTIAL REGULATION OF KEY SIGNALING
MOLECULES BY DISTINCT TLR LIGANDS Liwu Li,
Department of Medicine, Wake Forest University School of
Medicine, Winston Salem, NC 27157.

A family of TLRs either alone or in combination with other co-
receptors can specifically recognize distinct microbial products
as well as other naturally occurring and synthetic compounds
(e.g., TLR4 for LPS, TLR2 for lipoteichoic acid).  Unique down-
stream signaling pathways subsequently elicit distinct biological
responses.  A group of Interleukin-1 Receptor Associated
Kinases (IRAKs) play a pivotal role in mediating the TLR down-
stream signaling.  Differential regulations of IRAKs upon distinct
TLR challenges are likely critical for the downstream signaling
specificities.  We have observed that IRAKs respond differently
upon challenges with distinct TLR ligands.  IRAK-1 from leuko-
cytes undergoes rapid activation and degradation following
lipopolysaccharide (LPS) stimulation.  The rapid degradation of
IRAK may serve as a negative feedback mechanism of down-reg-
ulating LPS/TLR-mediated signaling and cytokine gene tran-
scription.   Interestingly, we have observed that lipoteichoic acid
(TLR2 ligand) challenge does not cause IRAK-1 level decrease
in THP-1 cells.  Correspondingly, Cells pretreated with lipotei-
choic acid can still respond to subsequent LPS challenge and pro-
duce inflammatory cytokines.  Intriguingly, IRAK-2 does not
undergo degradation upon either LPS or LTA challenge.   The
other focus in our research group aims at the regulation and func-
tion of Tollip, the negative regulator of TLR signaling.  We have
determined that Tollip specifically binds with phosphotidylinosi-
tol-3-P.  LPS-induced PI3 kinase activation may subsequently
trigger Tollip-mediated repression of innate immunity signaling.  

51
CONSTITUTIVE NUCLEAR PRESENCE OF THE STAT3
TRANSCRIPTION FACTOR  Ling Liu, Kevin McBride, and
Nancy C. Reich, Department of Pathology, Stony Brook
University, Stony Brook, New York 11794, USA

Signal transducers and activators of transcription (STATs) are
activated following tyrosine phosphorylation by Janus kinases
(JAKs) that are associated with cell surface receptors.  The bio-
logical impact of many cytokines and growth factors is depend-
ent on activation of JAK/STAT signaling pathways.  Following
tyrosine phosphorylation, STAT proteins change conformation
and gain the ability to bind specific DNA target sites as dimers.
The best characterized family member, STAT1, has been shown
to require dimerization mediated by the phosphotyrosine for spe-
cific recognition by the importin-α5 carrier protein and subse-
quent nuclear import.  In this study we provide evidence for a dis-
tinct nuclear-cytoplasmic regulation of the oncogenic STAT fam-
ily member, STAT3.  STAT3 maintains prominent nuclear pres-
ence both prior to and subsequent to tyrosine phosphorylation.
The constitutive nuclear localization requires a defined region
within the coiled-coil domain of the STAT3 molecule.  We have
identified two members of the karyopherin family that specifi-
cally bind to this region, importin-α3 and importin-α6.  In addi-
tion, silencing the expression of importin-α3 protein by specific
RNA interference impairs STAT3 nuclear translocation, but does
not effect the regulated nuclear import of the STAT1 protein.
Although nuclear presence of STAT3 is dominant, heterokaryon
assays demonstrate that STAT3 dynamically shuttles between
cytoplasmic and nuclear compartments.  The nuclear localization
of STAT3 may allow it to function as an unphosphorylated mole-
cule, or as a substrate of both cytoplasmic and nuclear kinases.

52
THE POXVIRUS TOLL-LIKE RECEPTOR ANTAGONIST
A52R DIFFERENTIALLY MODULATES NFΚΚB AND MAP
KINASE ACTIVATION Geraldine Maloney and Andrew
Bowie, The Viral Immune Evasion Group, Department of
Biochemistry, Trinity College Dublin, Ireland 

Vaccinia Virus (VV) has many mechanisms to suppress and mod-
ulate the host immune response.  The VV protein A52R was pre-
viously shown to act as a broad intracellular inhibitor of NFκB
signalling by TLRs.  Co-immunoprecipitation studies revealed
that A52R interacted with both TRAF6, via its TRAF domain and
IRAK2 (Harte et al., 2003).  The effect of A52R on signals other
than NFκB was not determined.  Here, we show that A52R does
not inhibit TLR induced p38 or JNK MAP kinase activation.
Rather, A52R could actually drive activation of these kinases.
Several lines of evidence suggested that the A52R:TRAF6 inter-
action was critical for these effects.  Firstly, p38 activation was
inhibited by a dominant negative version of TRAF6, which just
contains the TRAF domain.  Secondly, a truncated version of
A52R, ∆A52R, which interacted with IRAK2 and not TRAF6
was unable to activate p38.  Furthermore, the ability of A52R to
activate p38 in a TRAF6 dependent manner was confirmed using
TRAF6 knockout murine embryonic fibroblast cells.  ∆A52R
was still capable of blocking TLR-induced NFκB, thus the inter-
action with IRAK2 may be more fundamental for inhibition of
NFκB than the interaction with TRAF6.  These results show that
A52R inhibits NFκB activation by multiple TLRs while simulta-
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neously activating MAP kinases, thus highlighting the ability of
A52R to differentially modulate TLR signalling.  Further studies
may reveal a role for this modulation in VV pathogenesis.    

53
ROLE OF TYK2 KINASE IN MITOCHONDRIAL RESPI-
RATION  Ramesh B. Potla1,2, Thomas Koeck1, Ana M. Gamero3,
Kulwant S. Aulak1,  Shuji Sakamoto1, Joanna Wegrzyn1, Dennis J.
Steuhr1, Kazuya Shimoda4, Dhananjaya V. Kalvakolanu5 and
Andrew C. Larner1,2. 1Department of Immunology, Lerner
Research Institute, Cleveland Clinic, Cleveland, OH,USA,
2Department of BGES, Cleveland State University, Cleveland,
OH, USA, 3Laboratory of Experimental Immunology, National
Cancer Institute, Frederick, MD, USA, 4Medicine and
Biosystemic Sciences, Kyushu University Graduate School of
Medical Sciences, Fukuoka, Japan, 5Department of Microbiology
and Immunology, University of Maryland School of Medicine,
Baltimore, MD, USA.

Interferons (IFNs), first identified for their antiviral activity, are
known to play an important role in both innate and acquired
immunity. Over the past decade, a wealth of knowledge has been
accumulated concerning the role of activated Janus tyrosine
kinases (Jaks) and latent cytoplasmic transcription factors termed
signal transducers and activators of transcription (Stats) in medi-
ating the biological responses of these cytokines. Our studies
indicate that expression of theTyk2 kinase, a member of the Jak
family, is required for the apoptotic actions of IFNα/β in bone
marrow-derived, IL-7 dependent murine pro-B cells. Recent
reports indicate that type I IFNs induce apoptosis in several cell
types primarily through inhibition of Stat3 function by inducing
the association of Stat3 with GRIM19, a protein that is a compo-
nent of mitochondrial respiratory chain. Using western blotting
analysis on purified mitochondrial lysates, we have shown that
Tyk2-null pro-B cells do not express GRIM19. Since GRIM19 is
a component of Complex I (NADH Oxidoreductase) of the respi-
ratory chain and Tyk2-null cells do not express this protein, we
wanted to determine whether Tyk2-null cells exhibit any impair-
ment in mitochondrial respiration compared to wild type pro-B
cells.  Results from oxygen consumption assays indicate that
Tyk2-null pro-B cells are about 50% deficient in mitochondrial
respiration compared to wild type pro-B cells. Further analysis on
individual respiratory enzymatic complexes suggests that Tyk2-
null cells have impaired Complex I and Complex IV function that
contributes to deficiency in cellular respiration. These results
suggest a novel role for Tyk2 kinase in mitochondrial respiration.

54
KINASE ACTIVITY IS REDUNDANT FOR IRAK PHOS-
PHORYLATION AND IL-1 RESPONSIVENESS Jinzhong
Qin, Zhengfan Jiang, Youcun Qian, Jean-Laurent Casanova, and
Xiaoxia Li, Department of Immunology, Cleveland Clinic
Foundation, Cleveland, OH  USA

IL-1 stimulation leads to the recruitment of interleukin-1 recep-
tor associated kinase (IRAK) to the IL-1 receptor, where IRAK is
phosphorylated, ubiquitinated and eventually degraded. Kinase-
inactive mutant IRAK is still phosphorylated in response to IL-1
stimulation when it is transfected into IRAK-deficient cells, sug-
gesting that there must be an IRAK kinase in the pathway. The
fact that IRAK4, another IRAK family member necessary for the
IL-1 pathway, is able to phosphorylate IRAK in vitro suggests

that IRAK4 might be the IRAK kinase. However, we now found
that IRAK4 kinase-inactive mutant had the same ability as the
wild-type IRAK4 in restoring IL-1-mediated signaling in human
IRAK4-deficient cells, including NFkB-dependent reporter gene
expression, activation of NFkB and JNK, and endogenous IL-8
gene expression. These results strongly indicate that the kinase
activity of human IRAK4 is not necessary for IL-1 signaling.
Furthermore, we showed that the kinase activity of IRAK4 was
not necessary for IL-1-induced IRAK phosphorylation, suggest-
ing that IRAK phosphorylation can probably be achieved either
by autophosphorylation or by trans-phosphorylation through
IRAK4. In supporting of this, only the impairment of the kinase
activity of both IRAK and IRAK4 efficiently abolished the IL-1
pathway, demonstrating that the kinase activity of IRAK and
IRAK4 is redundant for IL-1-mediated signaling. Moreover, con-
sistent with the fact that IRAK4 is a necessary component of the
IL-1 pathway, we found that IRAK4 was required for the efficient
recruitment of IRAK to the IL-1 receptor complex.

55
STAT-INDEPENDENT INDUCTION OF IRF-9 BY INTER-
FERON-ββ  M. R. Sandhya Rani#., Ed Croze^., Tao Wei# and
Richard M. Ransohoff#, #Dept. of  Neurosciences, Lerner
Research Institute, The Cleveland Clinic Foundation, Cleveland,
Ohio  and  ^Dept. of Immunology, Berlex Biosciences Inc.,
Richmond, California  

Type I IFN-dependent STAT1 and STAT2 activation requires spe-
cific tyrosine residues (337Y and 512Y) located in the cytoplas-
mic domain of IFNAR2. To identify STAT-independent induction
of ISGs, we used a mutant cell line in which both 337Y and 512Y
were substituted with phenylalanine (337F512F or FF mutant). In
these cells, type I IFN failed to activate STAT1 and STAT2, did
not induce well-characterized ISGs and did not exert anti-viral or
anti-proliferative effects. The RNA isolated from FF cells treated
with and without IFN-β was analysed using oligonucleotide
arrays (Affymetrix, Santa Clara,CA). By this analysis, IRF-9 was
the only gene induced by type I IFN in FF cells. Transient trans-
fection analysis using an IRF-9 promoter-reporter luciferase con-
struct confirmed the induction of IRF-9 in FF cells by IFN-β. As
expected, a promoter-reporter construct from the 561 ISG was
not induced by IFN-β in FF cells. IFN-β-inducible expression of
IRF-9 was augmented by inhibiting protein synthesis with cyclo-
heximide. Pretreatment of cells with inhibitors to MAP kinases
including ERK1/2, PI3K or p38MAPK did not affect the induc-
tion of IRF-9 by IFN-β. Current studies are underway to address
the mechanism of activation of IRF-9 by   IFN-β.

56
HUMAN BONE MARROW FIBROBLASTS SUPPORT
SURVIVAL OF B-CLL CELLS THROUGH ACTIVATION
OF PI3-K / AKT PATHWAY  Medhat Shehata1,2, Josef D.
Schwarzmeier1,2, Martin Hilgarth1, Dieter Mitteregger2, Rainer
Hubmann2, Markus Düchler2 Medical University of Vienna,
Internal Medicine I, Haematology Department1, L. Boltzmann
Institute for Cytokine Research2, A-1090, Vienna, Austria.

B-chronic lymphocytic leukaemia (B-CLL) is characterized by
the presence of long-lived non-dividing leukaemic cells in the
lymphoid tissues and peripheral blood. In spite of the long life
span of B-CLL cells, these cells die rapidly in culture. Here, we
describe an in vitro culture system using human bone marrow
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fibroblasts (BMF) to support survival of B-CLL. 
B-CLL cells were co-cultured with BMF under serum free con-
ditions for variable durations ranging from 15 hrs to 4 months.
Immunofluorescence and flowcytometry were used to assess cell
viability and expression of apoptosis markers (annexin V/propid-
ium iodide). Co-cultivation of B-CLL cells with BMF increased
significantly the cell viability in comparison to suspension cul-
tures (p< 0,01). Trans-well culture experiments indicated that the
supportive effect is not only due to cell-cell contact but also
through soluble mediators produced by viable fibroblasts.
Experiments using transforming growth factor-beta (TGF-ß1), 1-
5 ng/ml or neutralizing anti-TGF-ß1 antibodies showed that this
cytokine inhibits apoptosis of B-CLL cells in presence of BMF
but not in suspension cultures, pointing to an indirect protective
role for TGF-ß1 through modulation of fibroblast function and
the production of matrix proteins. Since phosphatidylinositol 3-
kinase (PI3-K) pathway is known to exert an antiapoptotic func-
tion upon ligation of integrins, cytokines and growth factors
receptors, the leukaemic cells in co-cultures were incubated with
PI3-K inhibitors, wortmannin or Ly292004. This led to induction
of apoptosis in B-CLL cells, in as early as 15 hours of incubation,
under this supportive co-culture condition. The results demon-
strate that human BMF have an endogenous ability to support B-
CLL cell survival. This system may mimic the situation in vivo
and could be suitable to study the regulation of apoptosis mecha-
nisms in B-CLL. The results also suggest that PI3-K is involved
in the protection of B-CLL cells from apoptosis. 

57
CORRELATING DENDRITIC CELL FUNCTION WITH
SEGREGATED TRAF6-DEPENDENT SIGNALING
MECHANISMS  Matthew C. Walsh and Yongwon Choi,
Department of Pathology and Laboratory Medicine and
Abramson Family Cancer Research Institute, University of
Pennsylvania School of Medicine, Philadelphia, PA USA.

Tumor necrosis factor receptor-associated factor 6 (TRAF6) is a
cytosolic adaptor protein that has been implicated in mediating
signals transduced via members of the toll-like receptor (TLR)
family and tumor necrosis factor receptor superfamily (TNFR),
as well as receptors for cytokines IL-17 and IL-18. Most TLRs
and some TNFR superfamily members, most notably CD40 and
RANK (TRANCE-R), are expressed on dendritic cells (DCs) and
play an important role in potentiating costimulatory molecule
expression, survival, and inflammatory cytokine elaboration.
Ligation of these receptors on DCs results in activation of various
transcription factors, including NF-κB, Akt, MAPKs p38, JNK,
and ERK. Recently we have shown that DCs generated from
TRAF6-deficient mice exhibit severe defects with respect to mat-
uration, cytokine production and T cell stimulatory capacity upon
treatment with various TLR ligands or CD40 stimulation.
Additionally TRAF6-deficient mice display developmental
defects in splenic DCs. We have further demonstrated that while
TRAF6-deficient DCs treated with lipopolysaccharide (LPS) fail
to activate some downstream targets (e.g. JNK, ERK), other sig-
nals are only slightly attenuated (e.g. NF-κB). Many efforts to
this point have established a basic understanding for how general
molecular domains of TRAF6 transduce proximal signals to
downstream targets. To apply these findings to our observations
regarding DCs we have recently begun addressing how TRAF6
processes the various upstream signals it receives from DC recep-
tors, and effects appropriate functional outcomes. To do so we are

employing TRAF6-deficient DCs in combination with a retrovi-
ral rescue system utilizing various mutant versions of TRAF6.

58
A TWO-STEP REGULATION OF TOLL-LIKE RECEP-
TOR-MEDIATED CYTOKINE PRODUCTION THROUGH
AN INDUCIBLE NUCLEAR PROTEIN  Masahiro
Yamamoto1, Shizuo Akira1,2, 1Dept of Host Defense, Research
Institute for Microbial Diseases, Osaka University, 2ERATO,
Suita, Osaka, Japan

IκB-ζ (also known as MAIL and INAP) is a nuclear protein har-
boring ankyrin repeats and is highly homologous to an IκB fam-
ily member, Bcl-3. Although its transcript is rapidly induced by
stimulation with TLR ligands and IL-1, the physiological role in
TLR/IL-1R-mediated response remains to be seen. We have gen-
erated IκB-ζ-deficient mice, and revealed that IκB-ζ is indispen-
sable for expression of a subset of genes activated in TLR/IL-1R
signaling pathways. IκB-ζ-deficient cells show severe impair-
ment in IL-6 production in response to a variety of TLR ligands
as well as IL-1, but not in response to TNF-α, suggesting IκB-ζ
specifically functions in the TLR/IL-1R signaling pathways. IκB-
ζ overexpression up-regulates basal activities of the IL-6 promot-
er via the transcription factor NF-κB. Furthermore, endogenous
IκB-ζ specifically associates with the p50 subunit of NF-κB, and
is recruited to the proximal region of the IL-6 promoter upon
stimulation. Moreover, NF-κB1/p50-deficient mice show similar
TLR/IL-1R-mediated responses to IκB-ζ-deficient mice, indicat-
ing that IκB-ζ may exert its function through the association with
the p50 subunit. In addition, endotoxin-induced expression of
other genes such as IL-12 p40 and GM-CSF is also abrogated in
IκB-ζ-deficient macrophages. Given that the LPS induction of
IκB-ζ occurs earlier than that of these genes, some TLR/IL-1R-
mediated responses may be regulated in at least a two-step gene
expression that requires inducible IκB-ζ.

59
NOVEL ROLES OF UNPHOSPHORYLATED STAT3 IN
ONCOGENESIS AND TRANSCRIPTIONAL REGULATION
Jinbo Yang1, Moitreyee Chatterjee-Kishore1,4, Susan M.
Staugaitis2, Hannah Nguyen1,5, Karni Schlessinger3, David E.
Levy3, and George R. Stark1,*, 1Department of Molecular Biology,
2Department of Neurosciences, Lerner Research Institute, The
Cleveland Clinic Foundation, Cleveland, OH 44195,
3Department of Pathology, New York University School of
Medicine, New York, NY 10016, 4Present address: Wyeth
Research, 35 Cambridge Park Drive, Cambridge, MA 02140,
5Present address: MethylGene, Inc., 7220 Frederick-Banting,
Suite 200, St. Laurent Quebec H4S 2A1, Canada. 

Signal transducer and activator of transcription 3 (STAT3) is
phosphorylated on tyrosine residue 705 in response to growth
factors or cytokines to form activated homodimers that drive gene
expression. Since the stat3 promoter has a binding site for STAT3
dimers, the amount of STAT3 protein increases when STAT3 is
activated, for example, in response to IL-6.  Unphosphorylated
STAT1 is known to drive the expression of certain genes.   To
explore the possibility of a similar role for the induced expression
of unphosphorylated STAT3, we overexpressed either Y705F
STAT3, which can not be phosphorylated on residue 705, or wild-
type STAT3 in normal human mammary epithelial cells or
STAT3-null mouse cells. The levels of many mRNAs were affect-

18 INTERNATIONAL CYTOKINE SOCIETY



ed strongly by high levels of either form of STAT3. Some genes
whose expression was increased by overexpressed STAT3, but
not by activated STAT3 dimers, encode well-known oncopro-
teins, for example, MRAS and MET. In many tumors, STAT3 is
activated constitutively and thus the unphosphorylated form is
likely to be expressed highly, driving oncogene expression by a
novel mechanism. In addition, expression of the stat3 gene is
increased strongly in response to IL-6, and the high levels of
unphosphorylated STAT3 that result drive a substantial late phase
of gene expression in response to this cytokine.  Thus, unphos-
phorylated STAT3, which activates gene expression by a novel
mechanism distinct from that used by STAT3 dimers,  is very
likely to be an important transcription factor both in cancer and
in responses to cytokines. 

60
CHARATERIZATION OF PROTEINS THAT INTERACT
WITH PROTEIN ARGININE METHYLTRANSFERASE 5
Zhi-Hong Yang, Youngsun Kim, Lara Izotova and Sidney Pestka,
Department of Molecular Genetics, Microbiology and
Immunology, Robert-Wood-Johnson Medical School and
Graduate School of Biomedical Sciences, University of Medicine
and Dentistry of New Jersey, Piscataway, NJ, USA

The Jak-Stat signaling pathway is the major pathway in interfer-
on signaling.  In the process of defining additional components
involved in the Jak-Stat pathway, we discovered a protein (JBP1,
now designated protein arginine methyltransferase five -PRMT5)
that binds to all the Jak kinases.  PRMT5 has been reported to
play an active role in many important cellular pathways including
the RNA splicing complexes, transcriptional regulation and cell
proliferation. To better understand the functions of PRMT5, we
used the yeast two-hybrid system to search for proteins that inter-
act with PRMT5.  Among the proteins that interact with PRMT5,
we focused on three proteins: PRMT5 itself, methylosome pro-
tein 50 (MEP50), and an unknown protein with molecular weight
20 KDa (p20).  The fact that PRMT5 interacts with itself indi-
cates that it forms an oligomer inside the cell.  Serial mutations
of PRMT5 were made and tested in the yeast two-hybrid system
as well as in COS-1 cells to determine their interaction with wild
type PRMT5.  Certain mutants that abrogate oligomerization
exhibited low activity in an in vitro methylation assay.  This indi-
cated that the oligomerization of PRMT5 is necessary for its
activity.  We have demonstrated that MEP50 co-immunoprecipi-
tates with PRMT5 and significantly boosts its activity.  Some
mutations of PRMT5 that abrogated the activity had reduced
expression levels in comparison to wild type PRMT5 in the pres-
ence of MEP50, a result consistent with a role of MEP50 in mod-
ulating activity and stability of functional PRMT5.  The protein
p20 co-immunoprecipitates specifically with PRMT5, but not
with its homologue PRMT1.  Immunofluorescence staining
showed that p20 alone distributed throughout the cell.  However,
in the presence of PRMT5, p20 and PRMT5 co-localized in the
peri-nuclear region of the cell.  These studies have begun to give
us some promising leads to understand the functions of PRMT5
and protein arginine methylation in signal transduction.

61
SIGNAL TRANSDUCTION MECHANISMS OF INTER-
LEUKIN 17 Seon Hee Chang, Heon Park and Chen Dong,
Department of Immunology, University of Washington, Seattle and

Department of Immunology, MD Anderson cancer center,
Houston.

Interleukin (IL) 17 is a recently described T cell derived cytokine,
abundantly found in rheumatoid synovium and synovial fluid. It
induces expression of proinflammatory cytokines and stimulates
release of eicosanoids by monocytes and synoviocytes. It also has
been implicated in the pathogenesis of inflammatory bone and
joint damage through induction of matrix metalloproteinases and
osteoclasts, as well as inhibition of proteoglycan synthesis.
Injection of IL17 into the knee joint resulted in joint inflamma-
tion and cartilage proteoglycan depletion while blocking of IL17
with specific inhibitors provides a protective inhibition of carti-
lage and bone degradation. Furthermore, IL17 enhances many of
the effects of TNFalpha and IL1beta.
As a pro-inflammatory cytokine, IL17 triggers a signaling cas-
cade leading to the activation of the transcription factor
NFkappaB, and AP-1. Despite this similarity in biological func-
tion to other cytokine and innate recognition receptor families,
IL-17 receptor does not resemble homology to any known pro-
teins. In this study, we found that MyD88, a common adaptor of
Toll-like receptor/IL1 receptor, and its direct downstream mole-
cule, IRAK4 (IL1R-associated protein kinase) are required for
IL17 signaling. Furthermore, we also tested IL17 signaling path-
way in MEKK3 (MAPK-ERK kinase kinase) and JNK1 (c-Jun
N-terminal kinase) (-) mouse embryonic fibroblast. The results
indicated that IL17-induced production of IL6 was reduced in
these cells. This study demonstrates that IL17 signals through a
signalsome involved in Toll-like receptor/IL1R family.

62
ESSENTIAL INVOLVEMENT OF CROSSTALK
BETWEEN INTERFERON-γγ AND TRANSFORMING
GROWTH FACTOR-BETA IN THE SKIN WOUND HEAL-
ING PROCESS  Yuko Ishida1, 2, Toshikazu Kondo2, Yoichiro
Iwakura3, and Naofumi Mukaida1, 1Division of Molecular
Bioregulation, Cancer Research Institute, Kanazawa University,
Kanazawa, Japan, 2Department of Forensic Medicine, Wakayama
Medical University, Wakayama, Japan, 3Center for Experimental
Medicine, The Institute of Medical Science, The University of
Tokyo, Tokyo, Japan.

Several lines of in vitro evidence suggest the potential role of
interferon (IFN)-γ in angiogenesis and collagen deposition, two
crucial steps in the wound healing process. We examined the role
of IFN-γ in the skin wound healing process utilizing wild-type
(WT) and IFN-γ knock-out (KO) mice. In WT mice, excisional
wounding induced IFN-γ mRNA and protein expression by infil-
trating macrophages and T cells, with a concomitant enhance-
ment of interleukin (IL)-12 and IL-18 gene expression.
Compared with WT mice, IFN-γ KO mice exhibited an acceler-
ated wound healing as evidenced by rapid wound closure and
granulation tissue formation. Moreover, IFN-γ KO mice exhibit-
ed enhanced angiogenesis with augmented vascular endothelial
growth factor mRNA expression in wound sites, compared with
WT mice, despite a reduction in the infiltrating neutrophils,
macrophages, and T cells. IFN-γ KO mice also exhibited acceler-
ated collagen deposition with enhanced production of transform-
ing growth factor (TGF)-β1 protein in wound sites, compared
with WT mice. Furthermore, the absence of IFN-γ augmented the
TGF-β1-mediated signaling pathway, as evidenced by increases
in the levels of total and phosphorylated Smad2 and a reciprocal
decrease in the levels of Smad7. These results demonstrate that
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there is crosstalk between the IFN-γ/signal transducers and acti-
vators of transcription (Stat)1 and TGF-β1/Smad signaling path-
ways in the wound healing process.

63
IMPACTS OF TYPE I INTERFERONS (huIFN-αα and
ovIFN-ττ)  and TYPE II INTERFERON (huIFN-γγ) ON THE
TRYPTOPHAN CATABOLISM IN HUMAN PRIMARY
MACROPHAGES  Benjamin Manéglier1,2, Christine Rogez-
Kreuz1,3, Odile Spreux-Varoquaux2, Nathalie Dereuddre-
Bosquet4, Jacques Martal3, Patrice Thérond2, Charles Advenier2,
Dominique Dormont1 and Pascal Clayette4, 1Service de
Neurovirologie, CEA, CRSSA, Université Paris XI, EPHE, IPSC,
Fontenay-aux-Roses, France, 2Département de Biologie, Centre
Hospitalier de Versailles, Faculté de Médecine Paris Ile de
France Ouest, Le Chesnay, France, 3Unité de Biologie du
Développement et de la Reproduction, Département de
Physiologie Animale, INRA, Jouy-en-Josas, France, 4SPI-BIO,
c/o Service de Neurovirologie, CEA, Fontenay-aux-Roses,
France.

Tryptophan (Trp) is an essential amino acid, required for protein
synthesis. It is also the precursor for biosynthesis of the neuro-
transmitter serotonin (5-HT). One pathway for the catabolism of
Trp is the kynurenine (KYN) pathway in which Trp is converted
to quinolinic acid (QUIN), with metabolic intermediates includ-
ing KYN. In the immune cells, the rate-limiting enzyme in this
pathway is indoleamine-2,3-dioxygenase (IDO). Clinical use of
type I interferon (IFN) is associated with severe neuropsychiatric
side effects, in part linked to a stimulation of the KYN pathway.
Ovine type I IFN-t displays the same antiretroviral properties
than human IFN-a but is less toxic in vitro and in vivo. Activated
macrophages and microglia are apparently the only cells capable
of catabolizing Trp to QUIN via the KYN pathway in the central
nervous system. In this study, we compared the effects of human
IFN-g and IFN-a to those of ovine IFN-t on the tryptophan catab-
olism in human primary macrophages. Although 5-HT synthesis
has been demonstrated in macrophages, we detected no serotonin
either in cell supernatants or in cell lysates of our macrophages
cultures. Because, it was difficult to explore the impact of IFN on
5-HT metabolism, we focused on the KYN pathway. Trp levels in
cell culture supernatants were undetectable after 3 days of treat-
ment with IFN-g and remained low throughout the period of
treatment. In parallel, a correlated induction of the KYN pathway
was observed, with high levels of IDO mRNA expression. In con-
trast, the effects of type I IFN (-a and -t) were weak and transient.
The low activation of the KYN pathway was more pronounced
with IFN-a than with IFN-t. Altogether, these results suggest that
IFN-t has less deleterious effects for the serotonin metabolism
than IFN-a.

64
PLACENTAL TRANSFORMING GROWTH FACTOR
BETA (PTGFββ) PROTECTS P53-NULL OVARIAN
CANCER CELLS FROM PALA-MEDIATED DEATH.
Mukesh K. Agarwal, Kedar Hastak, Munna L. Agarwal and
George R. Stark, Department of Molecular Biology, Lerner
Research Institute, The Cleveland Clinic Foundation, 9500 Euclid
Avenue, Cleveland, OH  44195, USA.

The tumor-suppressor p53 is functionally inactivated by muta-
tional, viral, and cellular mechanisms in the majority of human

cancers. Therefore, a therapeutic strategy to kill cells lacking
functional p53 and simultaneously to protect normal cells would
be extremely powerful. Earlier, we reported that an unknown sig-
nal, activated in normal cells in response to starvation for pyrim-
idine nucleotides caused by the aspartate transcarbamylase
inhibitor N-phosphonacetyl-L-aspartate (PALA), leads to the
rapid activation of p53, which leads in turn to reversible cell cycle
arrest. In order to address the mechanism of this phenomenon,
wild-type p53 was reintroduced into p53-null ovarian cancer
SKOV-3 cells, which undergo apoptosis when treated with PALA.
In contrast, PALA-treated p53+/+ (SKP53) cells accumulate in S-
phase and are protected. The stable arrest of DNA synthesis by
p53 for as long as several weeks is central to protection from
PALA-mediated cell death. To identify downstream effectors of
this novel S-phase check point mechanism, we developed a com-
prehensive p53-specific gene chip.  Using this and the pair of cell
lines SKOV3/SKP53, we found that the activation of p53 by
PALA transactivates a gene encoding a secreted protein, pTGFβ
also known as prostate differentiation factor and MIC-1. To deter-
mine whether pTGFβ is important in protecting PALA-treated
cells, we transfected a plasmid carrying a full-length cDNA
encoding pTGFβ into p53-null SKOV-3 cells. Individual clones,
expressing pTGFβ or not, were treated with PALA. Cells express-
ing pTGFβ were protected from apoptosis induced by PALA,
whereas cells that did not express pTGFβ were killed by apopto-
sis similarly to cells lacking p53. We also found that conditioned
medium from pTGFβ expressing cells protects SKOV3 cells from
PALA-mediated cell death, suggesting that pTGFβ works
through an extracellular receptor. To confirm these results, we
conducted a comparative study by treating SKOV3 cells with
PALA alone or PALA along with 50 ng/ml of purified pTGFβ or
TGF2 for twelve days. Treatment with pTGFβ, and to a lesser
extent TGF2, protected SKOV3 cell from PALA-mediated cell
death.  Our next task is to identify genes selectively induced by
pTGFβ whose products are responsible for stable S-phase arrest.
Since the utility of PALA as a chemotherapeutic agent in human
cancer is limited by toxicity to the gut, it is attractive to consider
a strategy in which PALA is combined with pTGFβ in order to
improve the therapeutic index.  

65
THERAPEUTICS ABSTRACT  Siddharth Balachandran,
Sylvester Comprehensive Cancer Center, Miami, FL

Vesicular stomatitis virus (VSV) exerts potent anti-tumor activi-
ty, although the molecular mechanisms underlying its oncolytic
properties remain to be fully clarified. We have developed a
fibroblast model system to dissect the molecular determinants of
susceptibility to VSV, an oncolytic virus. We demonstrate that
normally resistant murine embryonic fibroblasts are rendered
highly permissive to VSV replication following cellular transfor-
mation, a progression that appears to compromise the anti-viral
effects of interferon (IFN). However, the oncolytic activity of
VSV could not be solely explained by faults in the IFN anti-viral
response. Subsequent studies revealed normal dsRNA-dependent
protein kinase (PKR) activation and phosphorylation of eukary-
otic initiation factor 2 (eIF2) α. Nevertheless, eIF2B-mediated
guanine nucleotide exchange activity downstream of eIF2 was
frequently aberrant in transformed cells, neutralizing eIF2α
phosphorylation and permitting VSV mRNA translation. Thus,
defects in translational regulation can co-operate with impaired
IFN signaling to facilitate VSV replication, and may represent a
common hallmark of tumorigenesis. Aside from identifying key
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cellular pathways involved in facilitating viral oncolysis, our
experimental data lay the framework for the intelligent design of
future generations of genetically-engineered oncolytic viruses
with increased specificity and potency. Accordingly, we have
generated recombinant VSV expressing IFN-beta, and show that
this virus possesses enhanced specific oncolytic activity.

66
EX-VIVO ASSESSMENT OF VESICULAR STOMATITIS
VIRUS ONCOLYTIC ACTIVITY IN ADULT T-CELL
LEUKEMIA. Ehssan Sharif-Askari1, Stephanie Oliere1,
Raymond Cesaire2, Rebecca Taylor3, John Bell3, John Hiscott1,
1Terry Fox Molecular Oncology Group, Lady Davis Institute for
Medical Research, McGill University, Montreal, Quebec, Canada.
2Laboratoire de Virologie-Immunologie and UMR433 INSERM,
Centre hospitalier universitaire de Fort-de-France, Martinique.
3Ottawa Regional Cancer Centre, Ottawa, Ontario, Canada.

The oncolytic properties of Vesicular Stomatitis Virus (VSV)
have been advantageously exploited to efficiently kill a wide
variety of tranformed cells in vitro and in vivo. A key to selective
viral oncolysis is that cancer cells commonly acquire defects in
cellular translation and interferon (IFN) signalling pathways,
frontline innate responses that inhibit early aspects of viral infec-
tion. One of the early responses to virus infection is the phos-
phorylation and activation of interferon regulatory factor 3 (IRF-
3). Following phosphorylation, IRF-3 assembles in the nucleus
with CBP/300 and, together with NF-κB, initiates transcription of
a number of antiviral gene products. In the current study, we
investigated the ability of VSV to lyse primary HTLV-1 infected
T lymphocytes from patients with ATL and HTLV-1 associated
myelopathy/tropical spastic paraparesis (HAM/TSP). VSV
induced oncolytic apoptosis in HTLV-1-infected (MT-2 and MT-
4) cell lines with rapid kinetics that correlated with viral gene
expression and replication. Ex vivo evaluation of VSV activity in
primary CD4+ T lymphocytes from ATL patients revealed signif-
icant VSV oncolytic activity and ATL cell death. Interestingly,
CD4+ T cells from patients with HAM/TSP were resistant to
VSV oncolysis. Furthermore, flow cytometry analysis and bio-
chemical studies illustrated that VSV also replicated and induced
apoptosis in CD3/CD28 activated primary CD4+ T lymphocytes,
but not in naïve primary CD4+ T lymphocytes. However, electron
microscopy clearly indicated that viral entry is not impaired in
resting T lymphocytes. Our findings clearly suggest that VSV
permissiveness and cell death induction in purified CD4+ T lym-
phocytes are linked to the T cell activation. We are currently
investigating the mechanism(s) of cell death triggered by VSV
infection in ATL and activated primary T cells. These studies pro-
vide the first essential information for the development of a VSV-
based treatment for ATL. 

67
MXA IS A SENSITIVE MARKER FOR IFN BIOACTIVITY
AND  NEUTRALIZING ANTIBODIES IN CHRONIC
HEPATITIS C VIRUS INFECTION  Carl Jorns1, Robert
Thimme2, Hans C. Spangenberg2, Nadine Kersting2, Manfred
Weidmann1, Jens Rasenack2, Hubert E. Blum2, Otto Haller1 and
Georg Kochs1, 1Department of Virology and 2Department of
Medicine II, University Hospital,  Freiburg, Germany

The treatment of chronic hepatitis C is currently based on a com-
bination of pegylated interferon (pegIFN)-alpha and ribavirin.

However, about half of the patients lack a sustained response. The
reason for this might be a failure in IFN sensitivity or develop-
ment of neutralising antibodies directed against IFN. To specifi-
cally detect IFN bioactivity, we established a Real-Time RT-PCR
for MxA gene expression in PBMCs of HCV-infected patients.
Using this assay, we monitored16 individuals that participated in
a controlled study with pegIFN in combination with ribavirin. We
found, that MxA expression was clearly induced after onset of
therapy except in one patient who showed a total lack of MxA
induction associated with complete non-response to the antiviral
therapy. In contrast, PBMCs of this patient reacted normally after
in-vitro stimulation by IFN. However, a newly established test
system on the basis of the IFN-inducible Mx-promoter revealed
the presence of high titer of IFN-neutralising antibodies in the
serum of this patient. The antibodies were directed specifically
against different types of IFN-alpha but not against IFN-beta.
Retrospective analysis of stored sera of this patient showed an
early emergence of the anti-IFN antibodies directly after the first
of four unsuccessful IFN therapies, indicating that the failure was
caused by the antibodies. In future, examination of non-respon-
ders for clinical relevant anti-IFN antibodies could be a useful
tool to avoid inefficient re-treatment of HCV patients and could
be indicative for therapy regimens with alternative IFN prepara-
tions that are not affected by the patient´s serum.

68
OPTIMIZATION OF THE TET-ON SYSTEM TO REGU-
LATE INTERLEUKIN 12 EXPRESSION IN THE LIVER
FOR THE TREATMENT OF HEPATIC TUMORS Maider
Zabala, Lin Wang, Ruben Hernandez-Alcoceba, Wolfgang
Hillen*, Cheng Qian, Jesus Prieto and M. Gabriela Kramer.
University of Navarra-FIMA, Hepatology and Gene Therapy
Unit, 31008 Pamplona, Spain. *Institüt fur Mikrobiologie,
Biochemie und Genetik, Friedrich-Alexander Universität D-
91058 Erlangen, Germany. 

Introduction: Intratumor administration of short-term expres-
sion vectors encoding interleukin 12 (IL-12) can satisfactory
eradicate liver neoplasm in animal models, although little effica-
cy was shown in pilot clinical trials. Therefore, long-term expres-
sion of IL-12 within the liver may be advantageous. Due to toxi-
city of IL-12, vectors should contain systems for efficient gene
regulation. The Tet-on system is composed of a chimeric trans-
activator (rtTA2S-M2) and a doxycycline (Dox)-dependent
inducible promoter. In this work we pursued: a) the optimization
of Tet-on system for tight and liver-specific IL-12 regulation, and
b) its application for the treatment of hepatic tumors.
Methods: Gene expression was compared in hepatic cells trans-
fected with single plasmids carrying the rtTA2S-M2 controlled
by novel liver-specific promoters and the luciferase (Luc) gene
driven by modified inducible promoters. The vector allowing
optimal gene regulation was selected to control human or mouse
IL-12 expression and was transferred to mice using the hydrody-
namics-based procedure. Dox was administrated i.p. and IL-12
was measured in serum. CT26 cells were inoculated in Balb/c liv-
ers and tumor growth was monitored in laparotomyzed mice.
Results: Basal activity of the Tet-on system was markedly
reduced by substituting the CMVm region of the inducible pro-
moter by a less active sequence. The strength of the promoter that
directs rtTA2S-M2 gene as well as the orientation of the two tran-
scription units in the same plasmid determined basal and final
reporter protein levels. In vivo administration of Dox enhanced
expression of hIL-12 in a dose-dependent manner and unde-
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tectable levels were observed in the non-induced status. Gene
activation could be re-induced several times after plasmid admin-
istration, while sustained hIL-12 was achieved with daily infusion
of Dox. All mice (n=14) with metastatic colon cancer in the liver
treated with the vector encoding mIL-12 rejected the tumor when
given Dox for 10 days without any serious toxicity.
Conclusions: We have adapted the Tet-on system for tight control
of IL-12 within the liver and demonstrate the potential of a naked
DNA gene therapy strategy for the treatment of cancer.

69
BINDING OF INTERLEUKIN-2 TO OPIOID RECEPTORS
AND ITS SUPPRESSION OF MORPHINE WITHDRAWAL
SYNDROME  J.F. Gu1, J.H. Wang1, M.Z. YAO1, Y. Wang1, W.H.
Zhou2, Z.L. Zhang1, Z.F. Pei1 and X.Y. Liu1, 1Institute of
Biochemistry and Cell Biology, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, Shanghai , P. R. China,
2Ningbo Institute of Microcirculation & Henbane, Ningbo Drug
Addiction Research and Treatment Center, Ningbo, P. R. China

We have previously shown that interleukin-2 (IL-2) protein and
its gene possess antinociceptive (analgesic) effects in both central
and peripheral nerve system, and preliminary studies suggest
such effects seems to be related to the opioid receptors.
Therefore, we performed more evidence on the binding of IL-2
directly with opioid receptors in COS-7 or CHO cells transfected
with δ, κ or µ receptors. The results shown that IL-2 could bind
directly to the opioid receptors. The IC50 values of IL-2 against
the binding of 3H-diprenorphine to δ, κ or µ receptors were
2.5×10-13 M, 5.6×10-13 M and 1.1×10-13 M respectively. [35S]GTPS
binding assay showed that the binding of IL-2 with opioid recep-
tor could activate the opioid receptor-mediated G protein with an
EC50 of 3×10-13 M. A series of controlled experiments confirmed
that the activation of G protein was indeed induced by the bind-
ing of IL-2 with opioid receptor. Since the opioid receptors are
something related to addiction, accordingly, we further studied
the effects  of IL-2 on morphine withdrawal syndrome by
intrathecal (i.t.) delivery of recombinant human IL-2 protein (rIL-
2) or its gene. The results showed that rIL-2 or its gene could sig-
nificantly decrease the number of jumps which was dose-related
and weight loss of mice. rIL-2 could also significantly reduce the
expression of most morphine withdrawal associated behaviors of
rats. These results in vivo are basically in an agreement with their
opioid receptor agonist-like effects in vitro, therefore IL-2 could
be possible therapeutic potential in opioid dependence and with-
drawal.

70
PHYTOCHEMICAL PICROLIV ENHANCES WOUND
HEALING: DIFFERENTIAL REGULATION OF
GROWTH FACTORS  Anoop K Singh, Anuj Sharma, James
Warren, Keith Steele, Radha K Maheshwari.  Uniformed Services
University of the Health Sciences, Bethesda, Maryland.

Wound healing is a complicated biological process that involves
interactions of multiple cell types, various growth factors, their
mediators and the extracellular matrix proteins.  In this study, we
have evaluated the differential gene expression patterns in normal
and transgenic diabetic mice and effect of picroliv in rats, using
a full thickness cutaneous punch wound model. We assessed heal-
ing at 4, 7 and 11 days post wounding by histology and collage-
nization. The pathway specific gene array data demonstrated dif-

ferential regulation of growth factors, such as fibroblast growth
factors and their receptors, Tenacin C and transforming growth
factor receptor-2 (TGFR-2). The extracellular matrix protein
osteopontin (OPN), an important component of cellular immuni-
ty and inflammation showed higher expression after 4 days post
wounding in both diabetic and normal mice. The expression of
OPN was decreased to pre wounding levels in normal mice after
11 days post wounding but remained elevated in diabetic mice,
suggesting that the expression of OPN was concomitant with the
extent of healing. Furthermore, we have investigated the effect of
phytochemical picroliv, obtained from the roots of Picrorhiza
kurrooa in unimpaired and impaired wound models in rats. The
data showed picroliv treatment resulted in earlier re-epithelializa-
tion, increased neovascularization, higher collagen content and
migration of a number of cells into the wound bed. Zymogram
analysis of granulation tissue homogenates indicated differential
regulation of matrix metalloproteinases (MMPs) in picroliv treat-
ed group. These differential effects of picroliv necessitate a
detailed study on the interactions between growth factor families
and MMPs in cutaneous wound healing. These studies suggest
that picroliv, a non-toxic, novel pharmacological agent could be
developed as a therapeutic for wound healing. (These studies are
supported by a NIH).

71
ANTI-TUMOR AND ANTI-METASTATIC EFFECTS OF
INTERFERON GAMMA AND TNF-RELATED APOPTO-
SIS INDUCING LIGAND IN A XENOGRAFT MODEL OF
EWING’S SARCOMA. Melinda S. Merchant1, H. Udo
Kontny3, Ruth Klein3, Maria Romero2, Maria Tsokos2, Crystal L.
Mackall1, 1Pediatric Oncology Branch, 2Laboratory of Pathology,
National Cancer Institute, Bethesda, MD and 3Children’s
Hospital of the Albert-Ludwigs University, Freiburg, Germany

TNF-related Apoptosis Inducing Ligand (TRAIL) selectively
induces apoptosis in a variety of tumor cell types, including
Ewing’s Sarcoma family of Tumors (ESFT). We have previously
shown that the majority of ESFT cells are sensitive to TRAIL
receptor (TR) agonists in vitro and that resistant lines are ren-
dered TRAIL-sensitive following pretreatment with interferon
gamma (IFNg).  RNase protection assays reveal that IFNg treat-
ment in vitro increases caspase 8, TRAIL, and TR2 message and
thus may synergize with TRAIL therapy in vivo. Orthotopic
xenografts were established in SCID/bg mice in a model that
allows for primary tumor development and subsequent soft tis-
sue, lung, and abdominal metastases. Regression of tumor size or
significantly decreased tumor growth was observed when mice
were treated for 2 weeks with a TR agonist (aTR2 mAb
@5mg/kg/d IP) alone or in conjunction with human IFNg
(25000U/d IP). While tumor tissues from mice receiving IFNg
showed increased expression of caspase 8, TR1, and TR2 by
immunohistochemisty, IFNg did not significantly increase the
anti-tumor effect of TR agonists on primary tumors.  However,
IFNg treatment alone or in combination with aTR2 significantly
decreased the incidence of metastatic disease such that the 6
month overall survival rate was 38% or 60% respectively versus
0% in control and aTR2 groups. These data reveal both cytotox-
ic and anti-metastatic effects of combination therapy and are
noteworthy because the effects of IFNg are observed in the
absence immune efffector cells and in murine tissues that cannot
respond directly to human IFNg. We have begun to examine the
expression of downstream mediators in order to determine the
mechanisms by which IFNg decreases the capacity for metastasis
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in ESFT cells.  In summary, these data demonstrate that the com-
bination of IFNg and a TR agonist is a potent regimen in ESFT
capable of impacting both primary and metastatic tumors.

72
SYNTHESIS AND STUDIES OF PEPTIDES STIMULAT-
ING BACTERICIDAL ACTIVITY OF MACROPHAGES
Elena A. Navolotskaya1, Yulia A. Kovalitskaya1, Vera I. Vanina1,
Timo Korpela2, and Valery Lipkin1, 1Branch of Shemyakin and
Ovchinnikov Institute of Bioorganic Chemistry Russian Academy
of Sciences, Moscow Region, Russia, 2Finnish-Russian Joint
Biotechnology Laboratory, University of Turku, Department of
Biochemistry, Turku, Finland

The most effective currently available approach to the treatment
of infectious diseases is the use of antibiotics. The last generation
antibiotics are highly potent and relatively low toxic and aller-
genic. Nevertheless, their use (especially prolonged) may cause a
number of serious complications. The microorganisms may
acquire the resistance even to “strong” antibiotics. Thus, the
antibiotic therapy inevitably leads to the decrease or loss of sen-
sitivity to them. This continuous “arms race” results in permanent
need of novel more potent drugs. We have synthesized three pep-
tides, SLTCLVKGFY (the fragment 364-373 of the IgG heavy-
chain), VKGFY, and cyclo(VKGFY) (referred to as immunor-
phin (IMN), pentarphin (PNT) and cyclopentarphin (cPNT),
respectively), and found that these peptides at 1 nM concentration
increased the adhesion and spreading of murine peritoneal
marophages as well as their bactericidal activity in vitro, as
shown by phagocytosis of Salmonella typhimurium virulent
strain 415. PNT administered intraperitoneally at dose 20
µg/mouse on day 7, 3 and 1 prior to the isolation of macrophages
also enhanced the macrophage adhesion and spreading. We found
that the effects of IMN, PNT and cPNT on macrophages are
mediated by naloxone-insensitive (non-opioid) receptors com-
mon for PNT, cPNT, IMN and β-END. Our studies have shown
that in the physiological concentration range these peptides are
non-immunogenic and non-toxic (LD50 > 2500 mg/kg adminis-
tered intraperitoneally to mice. International Patent
WO03061683A1 Publication Date: 31.07.2003), and catabolism
of the peptides yields amino acids. Thus, their use in combination
with antibiotics is likely to provide the possibility to decrease the
therapeutic doses and, hence, the negative side effects of the lat-
ter.

73
HIGH-THROUGHPUT SCREENING ASSAYS FOR THE
DISCOVERY OF SIGNAL TRANSDUCER AND ACTIVA-
TOR OF TRANSCRIPTION 3 NUCLEAR IMPORT
INHIBITORS  Søren J. Nielsen, Dorthe L.C. Almholt, Morten
Præstegaard, Betina K. Lundholt, Anthony J. Mason, and Steven
Butcher, BioImage A/S, Copenhagen, Denmark.

Signal Transducer and Activator of Transcription (STAT) proteins
convey signals from activated cytokine and growth factor recep-
tors to target genes. The activation of STAT proteins entails tyro-
sine phosphorylation by membrane-proximal kinases, SH-2
domain-dependent homo- or hetero-dimerization and active
nuclear translocation of the dimeric STAT complex. STAT3 reg-
ulates genes involved in cell cycle progression, cell survival, and
immune activation and suppression. STAT3 is commonly hyper-
activated in human primary tumours – notably in prostate cancer,

head and neck cancer and multiple myeloma (MM). STAT3 inac-
tivation by RNAi, dominant negative STAT3 over-expression, or
by small molecule inhibitors of upstream kinases inhibits prolif-
eration of cancer cells and xenograft models with constitutively
activated STAT3, suggesting that STAT3 maybe an attractive can-
cer target. To enable the discovery of small molecule STAT3
inhibitors we developed two high-throughput imaging assays that
monitor STAT3 nuclear translocation.  A STAT3-EGFP fusion
protein was stably introduced into different human cell lines and
monitored on the Amersham IN Cell Analyzer 3000. Automated
liquid handling and on-the-fly data analysis allows for a daily
throughput of 20-30,000 compounds. The assays were developed
using either epidermal growth factor (EGF) or Interleukin 6 (IL6)
as activators of STAT3 thus mimicking the relevant activation
path observed in head and neck cancer (EGF-type) or MM (IL6-
type). Validation of the two assays using a panel of reference
inhibitors and activation stage-specific antibodies will be pre-
sented. 

74
NEXT-GENERATION INTERFERON THERAPEUTIC
CANDIDATES.  Doranelly Philipova, Michael Skawinski, Susan
Skelly, Lara Izotova, Tracy Midrano, Finn Hung, Sara Crisafulli,
Barbara Schwartz, Thomas B. Lavoie, William A. Clark and
Sidney Pestka, PBL Biomedical Laboratories, PBL Therapeutics,
Piscataway, NJ 08854, USA

There are at least 12 species of interferon-α (IFN-α) proteins
encoded in the human genome.  However, only one of these
species, IFN-α2, has been widely used in the clinic where utility
has been constrained by dose-limiting toxicity.  We have devel-
oped a technology by which subtle variants of virtually any pro-
tein can be isolated, and have applied this technology to other
IFN-α species and target proteins.  IFN-α proteins are known to
exhibit antiviral, antiproliferative, and immunomodulatory activ-
ities.  Our IFN-α variants often display unique activity profiles.
This approach allows us to select for molecules with high activi-
ty in one or more functional assays and minimal activity in oth-
ers.  Novel IFN-α proteins from families other than IFN-α2 are
of special interest because they may demonstrate greater in vivo
potency in cancer therapy, different side effect profiles, altered
immunogenicity, enhanced stability, or better cross-species activ-
ity than approved recombinant IFN-α therapeutics or their wild-
type counterparts.  Furthermore, these IFN variants may provide
follow-on therapies for hepatitis and cancer patients who develop
neutralizing antibodies to IFN-α2 proteins.  Here we present
examples of the isolation of variants of several target proteins
derived from a variety of cell sources.  This technology takes
advantage of the propensity of tumor cells and tissues to sponta-
neously mutate nucleic acid sequences.  Selected “Ultra IFN”
variants display up to 5-30 fold better antiviral potency compared
to wild type or IFN-α2 proteins.  

75
PHARMACODYNAMICS OF INTERFERON BETA IN
RELAPSING-REMITTING MULTIPLE SCLEROSIS
WITH AND WITHOUT NEUTRALIZING ANTIBODIES
Carolina Scagnolari1, Petra Duda2, Alessia  Alberelli2, Vito
Lavolpe3, Francesca Bagnato4, Enrico Girardi5, Maria Trojano3,
Ludwig Kappos2, Guido Antonelli1. 1Dept of Experimental
Medicine – Virology Section , University  “La Sapienza”, Rome,
Italy, 2Clinic of Neurology, University Hospitals, Basel,
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Switzerland, 3Dept of Neurological and Psychiatric Science,
University of Bari, Italy, 4NIB-NINDS-NIH, Bethesda, USA,
5Inmi “L. Spallanzani”, Rome, Italy.

Neutralising antibodies (NABs) to interferon beta (IFNβ) may
develop in patients with relapsing remitting multiple sclerosis
(RRMS) during the course of therapy. Their biological relevancies
are still controversial. The effects of NABs presence and titers on
the IFN inducible markers MxA, PKR, beta2microglobulin and
neopterin were analyzed in 49 patients with RRMS undergoing
IFNβ therapy. Blood levels of MxA-mRNA, PKR-mRNA,
beta2microglobulin and neopterin were measured before (i.e pre-
injection) and 24 hours after IFNβ administration. NABs were
concomitantly measured by antiviral neutralization bioassay. Pre-
injection levels of MxA-mRNA (mean 4.1 ± 4.3 Log copies/ng
DNA) and PKR-mRNA (mean 3.8 ± 3.9 Log copies/ng DNA)
were highly variable (coefficient of variance (CV) > 100%)
among patients. A lower inter-individual variability was observed
for pre-injection levels of beta2microglobulin (mean 2.6 ± 0.7
µg/ml) and neopterin (mean 7.9 ± 3.5 nmol/l) (CV of 45% and
29%, respectively). NABs- patients had significantly lower pre-
injection levels of MxA-mRNA (1744.5 vs 11980.6 copies/ng
DNA), PKR-mRNA (1190.5 vs 4224.7 copies/ng DNA),
beta2microglobulin (1.9 vs 2.5 µg/ml) and neopterin (5.6 vs 9.5
nmol/l) than NABs+ patients. NABs+ patients with titers of 1:200
or higher had a significantly lower pre-injection levels of all these
IFN induced compounds as compared to patients with lower titers
of NABs. A significant correlation between NABs titers and pre-
injection levels of MxA, PKR, beta2microglobulin and neopterin
was found. However, the increase of these IFN induced markers
after IFNβ injection, did not significantly differ between NABs-
and NABs+ patients. Our findings confirm that NABs directed
against IFNβ do have some biological relevancies in patients with
RRMS. Pre-injection levels of MxA, PKR, beta2microglobulin
and neopterin are lower when NABs occur. However their induc-
tion after IFNβ administration does not seem to be strictly corre-
lated to the presence of NABs or to NABs titers.

76
OPTIMIZING THE BINDING AFFINITY OF A CARRIER
PROTEIN: A CASE STUDY ON THE INTERACTION
BETWEEN SOLUBLE IFNAR2 AND IFNββ Tal Peleg-
Shulman, Laila C.  Roisman, Gorge Zupkovitz, and Gideon
Schreiber, The Weizmann Institute of Science, Department of
Biological Chemistry, Rehovot 76100, Israel

Type I interferons (IFNs) are membrane proteins that initiate
antiviral and antiproliferative responses. Interferons are clinical-
ly important, and several subtypes of IFNα2 were approved as
drugs for the treatment of hepatitis B and C, as well as for can-
cers such as chronic myelogenous leukemia and hairy cell
leukemia. Prolonging the circulatory half-life of low mass protein
drugs can be achieved either by administration of a pro-drug or
through co-injection with a carrier protein which will slowly
release the active protein. The rate of release is concentration and
affinity dependent. The optimal relationship between these two in
prolonging the half-life of a pro-drug is the focus of this work.
IFNβ is one of the most widely used protein drugs in the clinic.
Here, we show that the circulatory half-life of IFNβ can be sig-
nificantly extended by co-administration with the extra-cellular
domain of the IFN receptor ifnar2 (ifnar2-EC). To investigate the
concentration/affinity relation, a range of tighter binding ifnar2-
EC mutants was designed which bind IFNβ, but not IFNα2, up to

50 fold tighter compared to the wild-type ifnar2-EC. This
increased affinity is related to a slower dissociation rate, while
the association of IFNβ with ifnar2-EC is already near optimum.
Using the wild-type and mutant receptors, we investigated their
potential in occluding IFNβ from circulation in a tissue culture
assay, as well as in rats. To determine the potential of ifnar2-EC
as a carrier protein, we co-administered a mixture of IFNβ and
ifnar2-EC to rats both intravenously and subcutaneously, and fol-
lowed the blood plasma concentrations of IFNβ over time. The
tighter binding ifnar2-EC mutant had a clear advantage in pro-
longing the half-life of IFNβ in circulation, even when lower pro-
tein concentrations were administered. A numerical simulation of
the in-vivo data demonstrates that the optimal binding affinity of
a carrier protein is around the concentration needed to obtain
optimal activity of the ligand.

77
HIGH THROUGHPUT SCREENING FOR RNASE L/HPC1
ACTIVATORS AS EXPERIMENTAL THERAPEUTICS
FOR CANCER AND VIRAL INFECTIONS  Chandar S
Thakur1,2, Zan Xu3 and Robert H. Silverman2 1Department of
Chemistry, Cleveland State University; 2Department of Cancer
Biology, The Cleveland Clinic Foundation; 3Ridgeway Biosystem,
Inc. 

Ribonuclease L (RNaseL), an interferon-regulated antiviral
enzyme, has been suggested to be an important target for cancer
therapeutics and antiviral agents. Recently, the RNase L gene was
mapped to the Hereditary Prostate Cancer 1 (HPC1) susceptibil-
ity allele, thus extending the role of RNase L beyond its antiviral
function into the realm of tumor suppressors. RNase L is activat-
ed during the interferon (IFN) antiviral response by binding to
unusual oligoadenylates with 2’,5’-internucleotide linkages
(known as a 2-5A). The 2-5A synthetases (2’,5’-OAS) are IFN-
induced enzymes that require dsRNA to convert ATP to PPi and
2-5A. However 2-5A has undesirable properties as a therapeutic
agent. It is unstable in serum, in cells, and in the digestive tract
due to the action of phosphodiesterases and phosphatases, and it
is an intracellular mediator, which does not pass through the cell
membrane. Our hypothesis is that a small molecule activator of
RNase L can be discovered and that will have improved pharma-
cological properties compared with 2-5A. To identify the novel
activator of RNase L, we have designed and implemented a fluo-
rescence resonance energy transfer (FRET) method for high-
throughput screening of chemical libraries of small compounds.
The assay uses recombinant human RNase L produced in insect
cells from a baculovirus vector and purified by fast protein liquid
chromatography. The cleavable substrate consists of a 36
nucleotide synthetic oligoribonucleotide sequence tagged with
the fluorophore, FAM, at the 5’-teminus and black hole quencher-
1 at its 3’-terminus. Forty thousand chemicals were screened
resulting 8 confirmed “hits”. Among these, three molecules have
related chemical structures. These three compounds were con-
firmed to be bona fide activators of RNase L using an alternative
type of RNA cleavage assay. Results show that the RNase L acti-
vator FRET assay that we developed is a promising avenue for
discovering small molecules that may eventually lead to novel
therapeutics for cancer and viral infections.

78.
A PHASE I INVESTIGATION OF INTRAVENOUS IL-
12/PULSE IL-2 IN ADULTS WITH ADVANCED SOLID
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TUMORS. Jon Wigginton1, Cynthia Donovan1, Peter Choyke2,
Robert Wiltrout3, and John Janik4. 1Pediatric Oncology Branch
and 4Metabolism Branch, NCI-CCR, and 2Functional Tumor
Imaging Group, Department of Radiology, Bethesda, MD;
3Laboratory of Experimental Immunology, NCI at Fredrick,
Frederick, MD.

Combined systemic administration of IL-12/pulse IL-2 can
induce complete regression of even well-established orthotopic
primary and/or metastatic murine renal cell carcinoma. We have
initiated a phase I investigation of intravenous IL-12/pulse IL-2
in adults with advanced solid tumors. Patients are treated with
intravenous IL-2 every 8 hours on days 1 and 9 and intravenous
IL-12 once daily on days 2, 4, 6, 8, 10, 12 and 14 of each 35 day
cycle of therapy. Cohorts of 3-6 patients are enrolled on dose lev-
els as follows (IL-2 dose; IL-12 dose): I-(30,000IU/kg;30ng/kg),
II-(30,000IU/kg;100ng/kg), III-(100,000IU/kg; 100ng/kg),  IV-
(100,000 IU/kg; 200ng/kg),  V-(200,000 IU/kg; 200ng/kg), and
VI-(200,000 IU/kg; 300ng/kg). An expanded cohort of 10
patients will be enrolled subsequently at the MTD. A total of 57
cycles of therapy have been administered to 20 patients treated to
date through dose level 6. A minimal response (45% regression)
was observed in a patient with metastatic colorectal carcinoma.
In a patient with metastatic renal cell carcinoma, 2 of 3 larger pul-
monary nodules have regressed, while multiple smaller nodules
remain stable through 7 cycles of therapy. Six additional patients
have had stable disease for 3 or more cycles of IL-12/pulse IL-2
(maximum 7 cycles). Toxicities have been rapidly-reversible and
non-dose-limiting through dose level 4. An episode of transient,
but dose-limiting hypoxia was noted in a single patient treated on
dose level 5. Notable toxicities have included constitutional
symptoms as well as hypotension, transaminitis and reversible
cytopenias among others. Potent immune activation including
marked enhancement of circulating IFN-γ, IP-10 and IL-18 lev-
els is observed in treated patients.  Enhancement of ex vivo pro-
duction of IP-10 by PBMC treated with PHA or IL-2 is noted in
the majority of patients analyzed to date as well. This intravenous
IL-12/pulse IL-2 regimen potently enhances immune activation
in vivo, and has been well tolerated overall in patients treated to
date. 

79
THERAPEUTIC APPLICATIONS OF AFFIBODY ANTI-
BODY MIMETICS THAT BIND TO CYTOKINES AND
CYTOKINE RECEPTORS Tim Wood, Fredrik Nilsson, Nina
Nilsson and Lars Abrahmsén. Affibody AB, Bromma, Stockholm,
Sweden

Affibody® molecules are highly specific affinity proteins that can
be engineered using combinatorial protein techniques to bind to
any desired target protein. Affibody molecules are 58 amino acid,
three-helix bundle-proteins, based on one of the IgG-binding
domains of Staphylococcal Protein A. The most striking advan-
tage of Affibody molecules compared to antibodies is their small
size; 6 kDa, compared to 150 kDa. In addition they are highly
robust and able to withstand extreme pH, elevated temperature,
and exposure to serum. In spite of its small size, the binding site
of an Affibody molecule is similar to that of an antibody.
Affibody molecules are suitable for several therapeutic applica-
tions related to the biology of cytokines: 1) Oncology. The small
size of Affibody molecules facilitates superior access to solid
tumours compared to monoclonal antibodies. We are working on
several validated oncology targets. In the lead project, Affibody

molecules with high affinity and selectivity for human epidermal
growth factor receptor 2 (HER2) have been identified. The poten-
tial of these Affibody molecules for treatment of HER2-express-
ing tumours is being investigated in pre-clinical models. 2)
Medical imaging. Affibody molecules with specificity and selec-
tivity for tumour markers can be used to visualize tumours in the
diagnosis of cancer. The small size of Affibody molecules yields
a combination of efficient access to solid tumours and a short
half-life. This results in an outstanding tumour to blood ratio. Our
data confirm that labelled Affibody molecules can be used for in
vivo diagnostics. 3) Inflammation. Affibody molecules have
many desired properties for extracorporeal removal or inhibition
of selected plasma components, including inflammatory
cytokines. Protein A, the origin of Affibody molecules has been
used since 1999 to remove antibodies from patient blood.
Affibody molecules have been selected against several different
cytokines. These are currently being evaluated for use in the clin-
ic.

80
THE THERAPEUTIC POTENTIAL OF INTERFERON-αα
FOR SARS  Joanna R. Zorzitto1, 2, Eleanor N. Fish1, 2.
1Department of Immunology, University of Toronto, Toronto,
Ontario, Canada, 2Toronto General Research Institute, University
Health Network, Toronto, Ontario Canada.

Severe Acute Respiratory Syndrome (SARS) is a new human
infectious disease with significant morbidity and mortality. A
novel coronavirus has been identified as the etiologic agent
responsible for SARS. An effective therapeutic strategy against
SARS has yet to be developed. Interferon (IFN)-as exhibit a crit-
ical role in host resistance to viral infection and in vitro experi-
ments have shown that IFNs are effective in inhibiting the SARS-
CoV. IFN alfacon-1 is a synthetic IFN-a that has been shown in
both cell culture systems and comparative clinical trials to inhib-
it viral replication more potently than other type 1 IFNs. A pilot
study was conducted to evaluate the potential clinical benefit and
safety of IFN alfacon-1 in SARS treatment. Clinical results sug-
gest that use of IFN alfacon-1 plus corticosteroids was associat-
ed with reduced disease-associated impaired oxygen saturation
and more rapid resolution of radiographic lung abnormalities. To
understand the mechanism of action of IFN alfacon-1 against the
SARS-CoV, we have analyzed serum cytokine profiles in patients
treated with IFN alfacon-1, and have evidence for reductions in
peak levels of pro-inflammatory cytokines associated with IFN
treatment and faster resolution of disease. Additionally, using
Affymetrix gene sets we have studied gene expression profiles in
peripheral blood mononuclear cells collected from patients at dif-
ferent stages of their disease, and observe IFN-specific regulated
gene expression, also associated with disease resolution. In par-
allel, using a mouse coronavirus, MHV-1, which in a mouse
model of SARS effects a lower respiratory infection, we have pre-
liminary data that provide insights into IFN-activated signaling
pathways that confer antiviral activity. Specifically, using cells
deficient in specific signaling effectors – Stats, p38 MAPK, PI-
3K – we show that IFN-inducible anti-MHV-1 activity is affect-
ed. Viewed altogether, these data provide compelling evidence for
the therapeutic potential of IFN-a in SARS patients.

81
THE EFFECT OF RHGM-CSF TO NON-INFECTED
WOUND HEALING  Byung Soo Kim1, Seung Gyu Han2, Yae Li
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Kim3 Seok Jin Kim1, Kyong Hwa Park1, Sang Cheul Oh1, Jae
Hong Seo1, Chul Won Choi, Sang1 Won Shin1, Yeul Hong Kim1,
Jun Suk Kim1, Department of Internal Medicine1 Department of
Plastic Surgery1 Department of Pathology3, Korea University
Medical Center, Seoul, Korea

BACKGROUND: The aim of this study was to evaluate the
effect of rhGM-CSF(leukogene® , LG Co, Korea) to non-infected
wound healing.
METHODS: This study was designed as an animal study using
rat with normal immunity. 20 rats were used in this study. On the
both side of back, 5 clean wound to the level of subcutaneous fat
with the diameter of I cm was developed, respectively. One side
was dressed daily with rhGM-CSF with normal saline (10
uL/mL) and the other was dressed daily with normal saline. The
main point of assement was the duration of wound healing. And,
microscopic observation of the biopsy after wound healing was
performed to confirm the effect of rhGM-CSF in non-infected
wound. 
RESULTS: The healing duration of rhGM-dressed wound group
(9.5+/-2.7 days) showed no difference with that(9.8+/-3.1 days)
of normal saline only dressed wound group. And the microscop-
ic finding of rhGM-CSF wound was not significantly different
from that of normal saline only dressed wound. 
CONCLUSIONS: rhGM-CSF dressing showed no significant
effect to the healing of non-infected wound. Further study will be
warranted to confirm this result. 

82
THE RANDOMIZED AND ACTIVE CONTROL COMPARA-
TIVE OPEN PHASE STUDY TO EVALUATE THE EFFEC-
TIVENESS AND SAFETY OF LEUKOKINE® (FILGRASTIM,
RHG-CSF) FOR THE NEUTROPENIA INDUCED BY
CHEMOTHERAPY IN ADVANCED CANCER Byung Soo
Kim1, Jun Suk Kim11, Joo Hang Kim2, Jung Bae An2, Joon Oh
Park2, Ik Joo Chung3, Chang Yoel Yim4, Jae Yong Kwak4, Tae Jun
Jeong5, Young Yiul Lee5, Tae Young Kang5 Department of Internal
Medicine Korea University Medical Center1, Yonsei Cancer
Center2, Chonnam National University Hospital3, Chonbuk
National University Hospital4, Hanyang University Hospital5.
Korea

BACKGROUND: The aim of this study was to evaluate the
effectiveness and toxicity of newly developed rhG-
CSF(Filgrastim: leukokine®, Cheiljedang Co, Korea). 
METHODS: This study was designed as an open randomized
active control comparative cross-over phase study involving:
leukokine® and Grasin® (Amgen/Kirin Co, USA/Japan) . rhG-
CSF was subcutaneously injected with the dose of 75 ug/day
from 24 hours after the end of chemotherapy and continued for
14 days. The main point of assement was the duration of neu-
trophil recovery to 2,000/uL. Moreover, neutropenia duration,
nadir count of neutrophil, and the duration of recovery from neu-
tropenia to normal status, were assessed. The toxicity was evalu-
ated with WHO criteria
RESULTS: 91 patients were enrolled in this study, and seventy
four were possible for assessment. The main assessment point
was evaluable in 50 patients. The neutrophil recovery duration to
2,000/uL of leukokine® group(14.14+/-3.48 days) showed no dif-
ference with that(13.98+/-2.52 days) of Grasin® group. And the
results of other assessment points revealed no difference between
both groups. The toxicity was found in seven cases and all were
mild and controllable with symptomatic cares. 

CONCLUSIONS: Leukokine® has the same effectiveness and
safety alike with those of Grasin® for the control of the neutrope-
nia induced by myelo-suppressive chemotherapy in advanced
cancer patients.  
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ANTI-INTERLEUKIN-10 STRATEGIES IN TREATMENT
OF MALIGNANT DISEASES I. Bubanovic1, S. Najman2,
1Ob/Gyn Department, Medica Centre, Nis, Serbia and
Montenegro, 2Institute for Biology, Medical School – Nis, Serbia
and Montenegro

Interleukin-10 (IL-10) is important cytokine for phenomena of
tumor growth, escape and even carcinogenesis. This cytokine is
essential for tumor cell proliferation because its neutralization
decreases clonogenicity of malignant cells, whereas addition of
recombinant IL-10 increases cell proliferation. IL-10
autocrine/paracrine loop plays an important role in the resistance
of certain tumors to chemotherapeutic drugs. In addition,
immunomodulatory/suppressive nature of IL-10 play significant
role in mechanisms of tumor escape from immune monitoring.
Nevertheless, there is no clear anti-IL-10 strategy in treatment of
malignant disease. In fact, there are a few hypotheses, and small
number of experimental/clinical studies, that propose anti-IL-10
strategy in treatment of malignant diseases. For example,
Ammonium Trichloro(dioxoethylene-o,o’)tellurate (AS101)
inhibits synthesis of tumor IL-10 on the transcriptional level.
Therefore, AS101 treatment combined with chemotherapy may
be effective in the treatment of certain malignancies. Another
possibility is treatment of malignant patients by anti-IL-10 anti-
bodies with unpredictable consequences and complications in
relation to autoimmunity and immune complexes disease. The
strategy that we suggest is based on extracorporeal blood filtra-
tion/purification method with a view to removing IL-10 mole-
cules from patient’s blood by anti-IL-10 antibodies attached on
the filter walls. The present strategy provides a method for
enhancing an immune response in tumor sufferers to facilitate the
elimination of IL-10 and/or other immunosuppressive cytokines
and other molecules. The method involves the removal of
immune system inhibitors from the circulation of the tumor suf-
ferers, thus, enabling a more vigorous immune response to the
tumor. Particularly useful in the strategy is an absorbent matrix
composed of an inert, biocompatible substrate joined covalently
to a binding partner, such as antibody, capable of specifically
binding to the IL-10.

84
IL-2 DEFECTIVE RESPONSIVENESS OF CD4 AND CD8
LYMPHOCYTES FROM HIV PATIENTS. RESTORATION
BY HAART  Marko Kryworuchko1,6, Virginie Pasquier1, Cécile
Goujard2, Jacques Gilquin3, Jean-Paul Viard4, Marcel Joussemet5,
Jean-François.Delfraissy2 and Jacques Thèze1, 1Immunogénétique
Cellulaire, Dpt de Médecine Moléculaire, Institut Pasteur, Paris,
2Service de Médecine Interne, Hôpital Bicêtre, 3Hôpital
St. Joseph, 4Necker, 5Percy, Paris, France

HIV infection leads to a profound T cell dysfunction well before
the clinical onset of AIDS. Our studies indicate that the dysregu-
lation of signal transduction via the Interleukin (IL)-2 / IL-2
Receptor (R) complex may be an important mechanism responsi-
ble for this T cell deficiency. In CD4 T cells from HIV+ patients
with high viral load, IL-2 is unable to induce entry into the cell
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cycle. In vitro studies investigating the molecular mechanisms
involved in CD4 T cells revealed that viral envelope (env) glyco-
proteins induce IL-2 unresponsiveness and the down regulation
of the three chains making up the IL-2R (a, b, g ). Furthermore,
the treatment of CD4 T cells with HIV env or surface ligation of
CD4 with anti-CD4 monoclonal antibodies inhibited the IL-2-
induced activation of Jak-1 and Jak-3, as well as their targets,
STAT5a and b thus leading to IL-2 unresponsiveness. IL-2
responsiveness was also greatly attenuated in the CD8 T cells
from HIV+ patients with high plasma virus load, even though
these cells expressed relatively high levels of IL-2R chains. We
have further shown that in the CD8 T cells from a subset of
untreated HIV+ patients, stimulation with IL-2 was unable to
functionally activate the transcription factors STAT5a and
STAT5b.. Studies of the potential molecular mechanisms
involved pointed toward an impaired activation of the upstream
kinase in this pathway, Jak-3. Recent data also indicates that neg-
ative regulators of cytokine signaling including SOCS1, SOCS3,
and TCPTP remained unaffected in such patients. In CD4 and
CD8 lymphocytes, HAART corrected these regulatory dysfunc-
tion and restored STAT5 signaling in patients. These results
explain why IL-2 immunotherapy has to be associated to HAART
in order to obtain optimal CD4 and CD8 counts increase.
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NK CELLS AND POLYMORPHONUCLEAR NEU-
TROPHILS ARE BOTH CRITICAL FOR IL-2-INDUCED
PULMONARY VASCULAR LEAK SYNDROME1 Eric
Assier1,2, Valérie Jullien1, Jean Lefort1, Jean-Louis Moreau2, James
P. Di Santo3, B. Boris Vargaftig1, Jose Lapa e Silva J.R1 and
Jacques Thèze2. 1Unité de Pharmacologie Cellulaire, 2Unité
d’Immuno-Génétique Cellulaire, 3Unité des Cytokines et
Développement Lymphoïde, Institut Pasteur, Paris; France.

The mechanism of IL-2-induced vascular leak syndrome (VLS)
is still poorly understood. Cells of both innate and adaptative
immune systems have been implicated but no definitive conclu-
sions have been reached concerning their respective roles. Here
we report a new mouse model of IL-2-induced pulmonary VLS
used to obtain a detailed analysis of the early events (sequestra-
tion of polymorphonuclear neutrophils, bronchoconstriction) and
late events (modifications in the cell and protein content of bron-
choalveolar lavages followed by edema) that characterize this
lung injury. This model and KO animals are used to reconsider
the importance of the different leukocyte lineages in early and
late events. RAG2-/- mice are used to demonstrate that adaptative
lymphocytes, including NK T cells, are not required for pul-
monary VLS induction. By contrast, results obtained with newly
described RAG2-/- / IL-15-/- mice indicate that NK cells play a key
role in both early and late events. In parallel, polymorphonuclear
neutrophil (PMN) depletion is used to evaluate the contribution
made by these cells to the late alterations occuring in the lung.
Furthermore, when used in combination with inhibition of NO
synthase, granulocyte depletion was completely effective in pro-
tecting mice from the late events of IL-2-induced pulmonary
VLS. Altogether, our results indicate that both NK and PMN cells
play a central role in the late events of IL-2-induced VLS.
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HIV INFECTION: ROLE OF IL-7 IN IMMUNE RECON-
TITUTION AFTER HAART OR IL-2 PLUS HAART
Stéphanie Beq1, Jean-Hervé Colle1, Marie-Thérèse Rannou2,

Arnaud Fontanet3, Jean-François Delfraissy2 and Jacques Thèze3,
1Unité d’ImmunoGénétique Cellulaire, Institut Pasteur, Paris;
2Service de Médecine, Hôpital Bicêtre, Assistance Publique
–Hôpitaux de Paris, 3Unité d’Epidémiologie des Maladies
Emergentes, Institut Pasteur, Paris, France .

HIV infection results in progressive CD4 lymphopenia responsi-
ble for the immunodeficiency that characterizes this disease.
Virus destruction of CD4 lymphocytes and abnormal activation
of these cells followed by apoptosis may account for the CD4
loss. Furthermore, a progressive exhaustion of lymphocyte pro-
duction by the thymus or the lymph nodes may also be critical.
The role played by IL-7, the main lymphopoietic cytokine, has
been investigated in this context. IL-7 is indispensable in thy-
mopoiesis and is the main cytokine controlling the size of the T
cell pool. Untreated HIV patients show a rise in plasma IL-7 lev-
els and the CD4 decrease was negatively correlated with the IL-
7 increase. During Highly Active Antiretroviral Therapy
(HAART), IL-7 plasma levels tend to return to normal as the
CD4 counts increase. HAART in HIV patients generally increas-
es CD4 counts but the level of CD4 restoration remains very het-
erogeneous. A positive correlation was found in a cohort of 18
patients between pre-HAART IL-7 plasma levels and CD4
increase after 20 ± 7.8 months of HAART. IL-2 is used in con-
junction with HAART to increase the CD4 counts in HIV+
patients. The mechanisms involved remain ill-defined. We show
that during IL-2 therapy, IL-7 plasma levels are increased. This
supports the hypothesis that aside from stimulating CD4 T cells
IL-2 may also indirectly affect lymphocyte production through
stimulation of the lymphopoietic cytokine IL-7. Interestingly, an
elevation of plasma IL-7 has also been reported in several clini-
cal settings such as severe combined immunodeficiency syn-
drome, acute lymphocytic leukemia and chemotherapy-induced
lymphopenia. Collectively, these different clinical studies support
the idea that plasma IL-7 levels could be used as a sensor of lym-
phocyte depletion. This led to the hypothesis that IL-7 is part of
a feedback loop regulating the size of the CD4 pool and to the
conclusion that IL-7 has therapeutic potential.. 

87
DIFFERENTIAL ACTIVATION OF IRF-3 AND IRF-5 TRAN-
SCRIPTION FACTORS DURING VIRAL INFECTION Tsu-
Fan Cheng, Osamu Ando, Sabrina Brzostek, Sarah VanScoy, and
Nancy C. Reich, Department of Pathology, Stony Brook
University, Stony Brook, New York USA 11794

The Interferon regulatory factor-3 (IRF-3) transcription factor is
activated during viral infection by serine phosphorylation. This
event leads to IRF-3 nuclear accumulation and association with
CREB binding protein (CBP) or p300 acetyl transferases.  The
IRF-3/CBP complexes bind specific DNA target sites within
responsive genes and induce gene transcription.  Induced genes
such as interferon-beta protect the host from viral dissemination.
Recent studies have led to the identification of two serine kinas-
es that can phosphorylate IRF-3, TANK binding kinase
(TBK1/NAK) and Inhibitor of NF-κB kinase epsilon (IKKε
/IKKi).  IRF-3 is phosphorylated following overexpression of
either of these kinases.  Although there are no data as yet which
reveal the mechanism by which viral infection activates these
kinases, studies have shown that kinase overexpression elicits
similar gene induction by IRF-3 as viral infection.  Another IRF
family member, IRF-5, was evaluated as a target of phosphoryla-
tion by TBK1 or IKKε since recent studies have indicated that it

INTERNATIONAL SOCIETY FOR INTERFERON AND CYTOKINE RESEARCH 27



is activated in response to viral infection.  We have found that
overexpression of TBK1 or IKKε leads to increased phosphory-
lation and dimerization of IRF-5.   In addition, the phosphoryla-
tion results in nuclear accumulation of IRF-5 and binding to the
CBP acetyl transferase.  The ability of activated IRF-5 to induce
the expression of a reporter gene regulated by an interferon stim-
ulated responsive element (ISRE) or the interferon-beta promot-
er was also evaluated.   The expression of the reporter genes were
barely detectable, indicating that IRF-5 is a poor inducer of these
genes.  Unexpectedly, we did not detect activation of IRF-5 in
response to infection by Newcastle disease virus (NDV) as meas-
ured by any of the assays described.  These analyses have raised
intriguing questions about the existence of another kinase(s), the
mechanism of TBK1 and IKKε activation, and the role of IRF-5
in viral infection.

88
REGULATION OF TLR MEDIATED RESPONSES IN THE
PERITONEAL CAVITY Chantal S Colmont1, Mario O Labéta2,
Emanuel LeBouder2, Simon A Jones3 and  Nicholas Topley1,
1Institute of Nephrology and 2Section of Infection and Immunity,
UWCM, Cardiff, UK; 3Cardiff School of Biosciences, Cardiff
University, Cardiff, UK

Staphylococcal infection is a major cause of morbidity and mor-
tality in peritoneal dialysis patients and its associated inflamma-
tion-mediated damage to the peritoneal membrane contributes to
treatment failure. The resident cell populations within the peri-
toneal cavity, the mesothelium and peritoneal macrophages are
believed to play a pivotal role in regulating responses to bacteri-
al insult. Whilst responses to Gram –ve bacteria involve LPS spe-
cific activation of TLR4, much less is known about the TLR acti-
vation processes mediated by Gram +ve Staphylococcus spp. To
elucidate the mechanism by which Staphylococcal spp. stimulate
resident peritoneal responses we have used a cell free supernatant
derived from a clinical isolate of Staphylococcus epidermidis
(SES) to examine the involvement of TLR2, TLR4 and CD14 on
the activation of peripheral blood mononuclear cells (PBMC) and
human peritoneal mesothelial cells (HPMC). PBMC were stimu-
lated with either SES or LPS (24h in 0.5% human AB serum) ±
anti-CD14 blocking antibody (clone MY4 at 10 mg/ml).
Activation of TNFa and CXCL8 secretion by LPS- or SES-stim-
ulated PBMC was specifically blocked by MY4 (75% and 40%
respectively). In Human Peritoneal Mesothelial Cells (HPMC)
FACS analysis identified significant TLR2 surface expression but
not TLR4 or CD14 expression. This expression of TLR2 was
induced following stimulation with IL-1b or IFNg. Both SES and
the synthetic TLR2 ligand Pam3-Cys-Ser-(Lys)4 induced CXCL8
secretion in a dose and time dependent manner. These data sug-
gest that Staphylococcal activation of peritoneal inflammation
potentially occurs through both TLR2 and TLR4-dependent acti-
vation processes and emphasises a central role for the mesotheli-
um in regulating this process. A better characterization of TLR-
mediated activation events will help understand how the resident
cells of the peritoneal cavity orchestrate responses to acute bac-
terial infection.
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MISSORTING OF LACROSSE VIRUS NUCLEOCAPSID
PROTEIN BY THE INTERFERON-INDUCED MXA

GTPASE INVOLVES SMOOTH ER MEMBRANES  Mike
Reichelt1, Silke Stertz1, Jacomine Krijnse-Locker2, Georg Kochs1,
and Otto Haller1, 1Department of Virology, University of Freiburg,
Freiburg, Germany; 2European Molecular Biology Laboratory,
Heidelberg, Germany.

The interferon-induced human MxA protein belongs to the class
of dynamin-like large GTPases that are involved in intracellular
vesicle trafficking and organelle homeostasis. MxA shares many
properties with the other members of this protein superfamily,
including the propensity to self-assemble and to associate with
lipid membranes. However, MxA is unique in that it has antiviral
activity and inhibits the replication of several RNA viruses. Here,
we determined the role of membranes for the antiviral function of
MxA using LaCrosse-bunyavirus (LACV). We show that MxA
does not affect trafficking and sorting of viral glycoproteins but
binds and mislocates the viral nucleocapsid (N) protein into
membrane-associated, large perinuclear complexes. We further
demonstrate that MxA localizes to a subcompartment of the
smooth endoplasmic reticulum where also the viral N protein
accumulates. In infected MxA-expressing cells, oligomeric
MxA/N complexes are formed in close association with COP-I-
positive vesicular-tubular membranes. Our results suggest that
this membrane compartment is the preferred place where MxA
and N interact leading to efficient sequestration and missorting of
an essential viral component.
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MX1 GTPASE ACCUMULATES IN DISTINCT NUCLEAR
DOMAINS AND INHIBITS INFLUENZA A VIRUS IN
CELLS THAT LACK PML NUCLEAR BODIES  Othmar G.
Engelhardt1, Hüseyin Sirma2, Pier-Paolo Pandolfi3, and Otto Haller1,
1Department of Virology, University of Freiburg, Freiburg,
Germany; 2Heinrich-Pette-Institut, Hamburg, Germany, and
3Department of Pathology, Memorial Sloan-Kettering Cancer
Center, Sloan-Kettering Institute, New York, USA

The interferon (IFN)-induced murine Mx1 GTPase is a nuclear
protein. It specifically inhibits influenza A viruses at the step of
primary transcription, a process known to occur in the nucleus of
infected cells. However, the exact mechanism of inhibition is still
poorly understood. The Mx1 GTPase has previously been shown
to accumulate in distinct nuclear dots that are spatially associat-
ed with PML nuclear bodies (PML NBs), but the significance of
this association is not known. Here we report that, in cells lack-
ing the PML protein and, as a consequence, PML nuclear bodies,
Mx1 still formed nuclear dots. These dots were indistinguishable
from the dots observed in wild-type cells, indicating that intact
PML NBs are not required for Mx1 dot formation. Furthermore,
Mx1 retained its antiviral activity against influenza A virus in
these PML-deficient cells which were fully permissive for
influenza A virus. Nuclear Mx proteins from other species
showed a similar subnuclear distribution. This was also the case
for the human MxA GTPase when this otherwise cytoplasmic
protein was translocated into the nucleus by virtue of a foreign
nuclear localization signal. Human MxA and mouse Mx1 do not
interact or form heterooligomers. Yet, they colocalized to a large
degree when co-expressed in the nucleus. Taken together, these
findings suggest that Mx1 dots represent distinct nuclear
domains („Mx nuclear domains“) that are frequently associated
with but functionally independent of PML NBs.
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NON-VIRAL INDUCTION OF TYPE-I INTERFERON
Peter L Smith1, Meleri Jones1, Giovanna Lombardi2 Graham R
Foster1, 1Hepatobiliary Group, Centre for Adult and Paediatric
Gastroenterology, Institute of Cell and Molecular Science, Queen
Mary’s School of Medicine and Dentistry, Barts and The London,
London, UK, 2Dept. of Immunology, Division of Medicine,
Faculty of Medicine, Imperial College at Hammersmith Hospital,
London, UK

Type Interferons (IFN) are a family of cytokines defined by their
antiviral activity. In addition to their role in inhibiting viral infec-
tion, IFNs have immune regulatory and anti-proliferatory proper-
ties and are known to be induced by viruses. Recently bacteria
have been shown to induce type I Interferon. In particular, Toll
like receptors (TLR) in mice have been shown to induce IFN-α’s
and  IFN-β in response to bacterial ligands such as LPS or CpG
DNA. We have investigated the differential induction of type I
IFNs from human  monocyte derived dendritic cells and the
human monocyte cell line THP-1, by a number of different, intact
formalin fixed bacteria including E. coli, S. typhimurum and S.
aureus. We compared induction of IFN by intact bacteria with
induction by   individual bacterial ligands, alone and in combina-
tion, including LPS, PGN, LTA, BLP, Flagellin and CpG DNA.
Our results show that whole bacteria are more potent inducers of
IFN in human cells and, by contrast with murine models, isolat-
ed TLR ligands do not induce IFN. Studies using inhibitors to dif-
ferent TLRs show that there are at least two different IFN induc-
tion pathways that are activated by intact bacteria. One, which is
TLR4 dependent, induces early production of IFN and the sec-
ond, which is TLR4 independent leads to delayed release of IFN.
These data show that intact bacteria can induce IFN production in
human cells but the induction pathways differ from those that
operate in mice. 
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PUTATIVE ANTI-BACTERIAL ROLE OF ISGYLATION
SYSTEM  Keun Il Kim, Oxana A. Malakhova, Dong-Er Zhang. 
Department of Molecular and Experimental Medicine, The
Scripps Research Institute, La Jolla, California, USA

ISG15 is an interferon inducible ubiquitin-like protein and its
expression and conjugation to target proteins are dramatically
induced upon viral or bacterial infection.  We have generated
UBP43 knockout mouse model that is lacking an ISG15-specific
isopeptidase in order to study the biological role of protein
ISGylation system.  We found that UBP43-deficient mice are
hypersensitive to lipopolysaccharide (LPS) injection, which
mimics gram-negative bacterial infection and is known to induce
proinflammatory signaling through TLR4.  We have found that
LPS treatment also triggers protein ISGylation in macrophages.
Sub-lethal dose of LPS injection caused over 50% of UBP43 KO
mice to die while wild type mice survived.  To understand the rea-
son for LPS-hypersensitivity of UBP43 KO mice, we first ana-
lyzed how ISGylation system is activated upon LPS treatment in
bone marrow derived macrophages.  So far all known compo-
nents of ISGylation system such as ISG15, UBE1L, and UBP43
are induced by LPS via type I interferon signaling pathway
though expression of each gene showed different extent of
dependency on type I interferon signaling.  In UBP43-deficent
macrophages, we detected hyper- and prolonged phosphorylation
of STAT1 protein upon LPS treatment and as a result increased
expression of interferon stimulated genes.  Interestingly, several

cytokine and chemokine genes including IL-6, MCP-1, IP-10,
and MIP-1α, which are critical to settle inflammatory response,
were highly expressed in UBP43-deficent macrophages.  UBP43-
deficent macrophages showed elevated phagocytic activity
against opsonized zymosan particles.  These results show the pos-
sibility that UBP43 is involved in anti-bacterial responses by reg-
ulating type I interferon signaling through ISGylation pathway.

93
EFFECT OF THE XAF1-INTERACTING PROTEIN XIRP
ON EMCV REPLICATION AND CELLULAR DSRNA
RESPONSIVENESS  Keyur Vyas, Haiying Li and Douglas W.
Leaman, Department of Biological Sciences, University of
Toledo, Toledo, OH, USA

Interferons (IFNs) produced by virus-infected cells upregulate
expression of IFN-stimulated genes (ISGs) in neighboring cells,
the protein products of which help to limit virus spread.   We have
identified XIAP-associated factor-1 (XAF1) as an IFN-regulated
protein that possesses antiviral and proapoptotic activities.  To
address the mechanisms underlying XAF1 action, yeast 2-hybrid
studies were initiated using XAF1 as the bait.  Those studies led
to the identification of a novel protein that we have named XAF1-
interacting RING finger protein (XIRP).  Specific XAF1/XIRP
interaction has been verified in mammalian cells by assessing
both ectopically expressed and endogenous proteins.  To evaluate
XIRP effects on cellular antiviral mechanisms, cells stably trans-
fected with XIRP have been analyzed by using a variety of IFN,
viral and dsRNA response assays.  Antiviral assays with
Encephalomyocarditis virus demonstrated that XIRP stable trans-
fectants were more sensitive to viral cytopathic effect as com-
pared to empty vector transfected melanoma (A375 and Femex)
or fibrosarcoma (HT1080) cells.  The increased cytopathic sensi-
tivity was associated with enhanced virus production as deter-
mined by virus yield assays and measurements of 3D polymerase
expression.  Initial infection rates were unaltered in the XIRP
cells, suggesting an effect on virus replication or spread.  Cellular
responsiveness to IFN was unaltered by XIRP expression, with
STAT activation and induction of various ISGs similar to that
observed in wild-type cells.  However, regulation of IFN gene
expression was altered dramatically in the XIRP-expressing cells
as compared with empty vector clones.  In particular, dsRNA-
dependent induction of IFN mRNA and protein secretion was
decreased significantly in XIRP cells as compared to controls.
Other dsRNA responses, including dsRNA-induced apoptosis,
were similarly inhibited by XIRP overexpression.  These data
suggest that XIRP may play a role in regulating cellular sensitiv-
ity to virus or dsRNA, thereby affecting the ability of cells to
respond to a viral challenge.   

94
EXPRESSION AND CHARACTERIZATION OF XIRP: A
NOVEL RING FINGER PROTEIN THAT INTERACTS
WITH THE IFN-REGULATED PROTEIN XAF1 Haiying Li,
Keyur Vyas, Monila Reheman and Douglas W. Leaman,
Department of Biological Sciences, University of Toledo, Toledo,
OH, USA

X-linked inhibitor of apoptosis (XIAP) is a member of the
inhibitor of apoptosis family of proteins. XIAP-associated fac-
tor1 (XAF1) was originally identified as an XIAP-interacting
protein and was subsequently shown to be regulated by type I and
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type II interferons (IFNs).  Ectopic XAF1 expression sensitizes
cells to the proapoptotic effects of TRAIL (Apo-2L) and other
apoptotic stimuli, but the mechanism of this sensitization remains
undefined.  To learn more about XAF1 biological function, we
conducted a yeast two-hybrid screen to identify XAF1-interacting
proteins.  One of the genes identified in this screen encoded a 25-
kDa RING finger protein that we have named XAF1-interacting
RING finger protein (XIRP).   XIRP contains a C3HC4 RING
finger domain and three C2H2 domains.  XIRP mRNA is
expressed constitutively in all cell lines examined to date and is
not altered by IFN treatment. The XIRP protein is found in the
cytoplasm and nucleus, effectively mirroring the subcellular dis-
tribution of XAF1.  Co-immunoprecipitation experiments con-
firmed that endogenous XIRP interacted with XAF1 and that
mutating the XIRP RING finger domain disrupted this interac-
tion.  Interestingly, IFN treatment induced a proteasome-depend-
ent degradation of endogenous XIRP.  During this process, XIRP
protein levels correlated inversely with IFN-induced XAF1 pro-
tein, and XIRP degradation was blocked by pretreatment with
proteasome inhibitors.  Ectopic XIRP expression had no effect on
cell growth or viability, but did potently sensitize stably trans-
fected cells to virus-induced cytopathicity.  Further, XIRP over-
expression blocked dsRNA-induced apoptosis and dsRNA-
dependent IFN production.  Together, these data suggest that
ectopic XIRP down-regulates cellular antiviral responsiveness
and that degradation of the endogenous protein by IFN may up-
regulate integral innate immune response pathways.
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THE HEPATITIS C VIRUS NS3/4A SERINE PROTEASE
DISRUPTS A TLR- AND TRIF-INDEPENDENT PATHWAY
LEADING TO VIRUS ACTIVATION OF IRF3  Kui Li1,
Josephine C. Ferreron1, Eileen Foy2, Mitsuyasu Nakamura1,
Masanori Ikeda1, Michael Gale, Jr2, and Stanley M. Lemon1.
1Department of Microbiology and Immunology, University of
Texas Medical Branch, Galveston, TX, USA, 2Department of
Microbiology, University of Texas Southwestern Medical Center,
Dallas, TX, USA.

Disruption of innate cellular antiviral defenses is likely to con-
tribute to the propensity of hepatitis C virus (HCV) to establish
persistent infections.  Consistent with this hypothesis, Sendai
virus (SenV)-activation of interferon regulatory factor-3 (IRF3)
is largely blocked in cultured human hepatocytes supporting
replication of HCV RNA and expressing the complete viral
polyprotein. The IRF3 blockade maps to the major HCV serine
protease, NS3/4A. Treatment of these cells with a specific pep-
tidomimetic NS3/4A protease inhibitor reverses this blockade,
and also unmasks HCV-induced IRF3 activation, suggesting that
NS3/4A proteolytically targets a cellular protein residing within
a critical IRF3 activation pathway induced by HCV or SenV
infection. TLR3, and TBK1 and IKKε kinases implicated in
virus-induced IRF3 phosphorylation do not serve as substrates
for NS3/4A in an in vitro cleavage assay. In contrast, TRIF, an
adaptor protein that is essential for IRF3 activation following
TLR3 engagement by dsRNA, is readily cleaved by NS3/4A.
However, NS3/4A expression had little effect on the classical
dsRNA (poly I:C)-activated TLR3 signaling pathway when poly
I:C was added to the medium of immortalized hepatocyte cul-
tures. Furthermore, although intracellular dsRNA-induced IRF3
activation was efficiently blocked by NS3/4A when poly I:C was
introduced into cells via transfection, this pathway does not
require TRIF since it was not affected by siRNA knockdown of

TRIF expression. In addition, SenV-induced activation of the
interferon-beta promoter in these cells was not affected by over-
expression of a dominant-negative MyD88 mutant, or by treat-
ment with an endosomal acidification inhibitor, chloroquine, or a
lysosomal inhibitor, Bafilomycin A1. We propose that HCV
NS3/4A protease suppresses a novel, TLR-, TRIF-, and MyD88-
independent pathway that normally activates host cell defenses
following virus infection. Although its consequences are poorly
understood, NS3/4A-mediated proteolysis of TRIF may con-
tribute to HCV persistence by preventing amplification of host
defenses through the TLR3 pathway.
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ENCEPHALOMYOCARDITIS VIRUS INDUCES ISG15
mRNA BUT NOT PROTEIN. Xiao-Ling Li1, Jesper B. Andersen2

and Bret A. Hassel12, 1Program in Molecular and Cell Biology, and
2Greenebaum Cancer Center, University of Maryland, Baltimore,
MD 21201, USA.

The transcriptional induction of ISG15 (interferon-stimulated
gene- 15kD) is one of the earliest and strongest responses to
interferon; ISG15 is also directly induced by microbial pathogens
and Toll-Like Receptor agonists through a distinct signaling path-
way. Specifically, a subset of primary response genes, including
ISG15 and beta-interferon (IFN-beta), are induced in an myd88
independent, IRF3-dependent manner following infection with a
broad spectrum of viruses. To study the regulation of these genes
by specific viruses, we employed primary macrophages derived
from IFN alpha/beta receptor knockout mice and from wildtype
mice matched in strain. Infection of macrophages with Newcastle
Disease Virus (NDV), Sendai Virus (SV), or
Encephalomyocarditis Virus (EMCV), or treatment with dsRNA
resulted in a robust, IFN-independent, induction of ISG15
mRNA. Equivalent responses were observed following infection
with live and UV inactivated viruses indicating that ISG15 induc-
tion did not require virus replication. A corresponding increase in
ISG15 protein was observed following NDV and SV infection,
and dsRNA treatment, but not in response to EMCV infection.
This discordant induction appeared to be specific for ISG15, as
IFN-beta mRNA and protein were both induced by EMCV.
Current studies are focused on dissecting the fate of ISG15
mRNA and protein in EMCV infected cells, with particular atten-
tion to the possibility that ISG15 protein is degraded by the
EMCV protease. Inhibition of ISG15 expression by EMCV may
represent a novel mechanism by which viruses evade host antivi-
ral pathways.  
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REGULATION OF THE RIG-I MEDIATED INNATE
ANTIVIRAL RESPONSE BY RNA VIRUSES  Yueh-Ming
Loo, Rhea Sumpter, Jr., Roger T. Taylor, Brenda L. Fredericksen,
Eileen Foy, and Michael Gale, Jr.  Department of Microbiology,
University of Texas Southwestern Medical Center, Dallas, Texas,
USA.

Double-stranded RNA (dsRNA), which is a common replication
intermediate for many RNA viruses, is a potent inducer of the
cellular antiviral response. This response is triggered by the extra-
cellular recognition of dsRNA by Toll-like receptor 3 (TLR3),
which initiates a signaling cascade resulting in the activation of
interferon regulatory factor 3 (IRF-3), and culminates in the pro-
duction of type I interferons. IRF-3 is also activated by dsRNA
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through a novel intracellular TLR3- and TRIF-independent path-
way, which was described recently. This intracellular pathway is
mediated by RIG-I, a DExD/H box RNA helicase that is encoded
by the retinoic acid inducible gene-I. We have demonstrated
recently that this pathway plays an essential role in determining
host permissiveness to hepatitis C virus (HCV) RNA replication.
Biochemical studies have indicated that RIG-I is a dsRNA-bind-
ing protein, and the C-terminal domain of RIG-I, which harbors
the RNA helicase motif, confers that RNA-binding activity. Our
data shows that RIG-I is capable of binding directly to the HCV
RNA genome. Further analysis indicates that RIG-I binds prefer-
entially to the internal ribosomal entry site and the 3’ non-trans-
lated region, which are highly structured, double-stranded regions
of the HCV genome, and not to internal single-stranded regions.
This directly correlates with the ability of these regions of the
HCV genome to induce a host response, which includes the acti-
vation of IRF-3, induction of the interferon β promoter, and
expression of interferon-stimulated genes. In addition, we show
that this RIG-I mediated IRF-3 response pathway is also impor-
tant in the host immune response against other RNA viruses from
different viral families, a number of which appear to have adopt-
ed ways to control this pathway in order to circumvent this
response. These studies accentuate the importance of this intra-
cellular RIG-I pathway in the host response to viral infection.
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IDENTIFICATION OF A NOVEL ANTIVAL PATHWAY IN
INNATE IMMUNE RESPONSE TO THE INFECTION
Gengshi Lu, Atsushi Okumura, and Paula M. Pitha, Sidney
Kimmel Comprehensive Cancer Center, School of Medicine,
Johns Hopkins University, Baltimore, MD, USA

It is well established that interferon regulatory factors (IRF), IRF-
5 and IRF-7, play a critical role in the induction of Type I inter-
feron (IFN) genes in infected cells.  The goal of the present study
is to identify and analyze additional cellular genes, induced by
IRF-5 and IRF-7 in infected cells that may be involved in the
antiviral and anti-inflammatory host response.  The data have
revealed that over expression of these IRFs in B–cells modulate
expression of large functional groups of overlapping genes as
well as distinct genes.  The question that has been asked is
whether any of these groups of genes, stimulated by IRF-5 and
IRF-7 in infected cells, have any role in the antiviral response. To
that effect, we have identified an induced gene, encoding a pro-
tein that can restrict Human Immunodeficiency Virus Type 1
(HIV-1) replication; the antiviral effect of this protein has not
been previously observed.  The molecular mechanism by which
this protein inhibits HIV-1 replication has been explored.
Furthermore, whether this protein can effect replication of the
other type of viruses has been addressed.  These results will be
presented and their significance will be put into a context with
the innate antiviral response.
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VIRAL MODULATION OF PULMONARY INNATE ANTI-
BACTERIAL INFLAMMATORY RESPONSES. Patricia A.
Manderscheid1, Ryan P. Bodkin1, Thomas A. Russo2,3, Paul R.
Knight1,2,3. 1Department of Anesthesiology, 2Department of
Medicine, 3Department of Microbiology, University at Buffalo,
Buffalo, NY 14214, USA.

Respiratory viral infections as well as surgery/trauma facilitate
secondary bacterial infections and increase host immunopatholo-
gy via suppression of antibacterial lung defenses.  The purpose of
this study is to examine bacterial clearance, immune/inflammato-
ry cell recruitment, inflammatory cytokine production, and lung
injury in a murine model of E. coli pneumonia following surgery
during influenza.  Male CD-1 mice were infected intranasally
(i.n.) with influenza A/PR/8/34 (IFA). At 6 days post IFA, a
laparotomy (LAP) with retroperitoneal dissection was performed
and 24 hr post-LAP animals were inoculated with either normal
saline (NS) or an extraintestinal E. coli.  Animals were sacrificed
at 6 and 24 hr post-bacterial infection (PBI). Bronchoalveolar
lavage (BAL) was performed; lungs were harvested and homog-
enized.  Bacterial titers were performed on BAL fluid and lung
homogenate and cytokine levels were determined by ELISA.
Neutrophil activity was determined by MPO assay and cell count
differentials.  Albumin levels were used to assess lung injury.
Colony counts of E. coli titers were as follows: IFA/LAP/E. coli
> IFA/E. coli > LAP/E. coli > IFA/NS.  Total number of neu-
trophils was increased in all groups at both time points.  Total
lung MPO was increased significantly in the IFA/E. coli group
compared IFA/LAP/E. coli animals.  At 6 hr PBI cytokine levels
of TNFα, IFNγ, IL-6, KC, IL-1 and IL-10 in IFA/E. coli animals
were increased compared to the IFA/LAP/E. coli group.
Therefore, surgery during the course of a pulmonary viral infec-
tion resulted in altered inflammatory responses following a bac-
terial challenge.  E. coli clearance was impaired even though
PMN influx was elevated suggesting that surgery performed dur-
ing the course of a viral respiratory infection, as well as influen-
za alone, increases host immunopathology through the overpro-
duction of inflammatory cytokines.
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A NOVEL METHOD FOR SCREENING VIRAL INTER-
FERON-RESISTANCE GENES  Daniel T. W. Clarke, Aaron T.
Irving, Eleanore H. Lambley, Elizabeth Payne, and Nigel A. J.
McMillan, Cancer Biology Programme, Centre for Immunology
and Cancer Research, Princess Alexandra Hospital, University of
Queensland, Brisbane, Queensland, Australia.

Many viruses have evolved mechanisms to antagonize the inter-
feron (IFN) system, targeting all the major components involved
in receptor binding and signalling. While a number of these viral
proteins are homologous to cellular proteins involved in IFN
down-regulation (e.g. vIRFs), many share little resemblance to
known proteins. To determine the IFN-blocking properties of
these proteins, functional assays are required. Here we present a
new and rapid functional screening method, based on the 2fTGH
cell line, which is able to determine viral gene products which
inhibit the IFNα/Jak-STAT signalling pathway. Expression
cloning of viral IFN-blocking genes into 2fTGH and consequent
selection with IFNα and 6-thioguanine results in the outgrowth of
cells that are no longer responsive to IFNα. Selection also occurs
if members of the Jak-STAT signalling pathway are lost.  To show
the utility of our system we have used a known suppressor of IFN
signalling, the human papillomavirus (HPV) E7 gene. Expression
of E7 results in the loss of ability of 2fTGH cells to respond to
IFNα treatment due to a functional disruption of the signalling
pathway.  We will also show that that cells containing introduced
genomic libraries from either of the two alpha Herpesvirus mem-
bers, Herpes Simplex Virus 1 or Varicella-Zoster Virus, will sur-
vive and thus have some functional product that impairs the sig-
nalling pathway. This approach should lead us to the determina-
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tion of novel herpes virus genes, or novel functions of previously
known genes, that are able to interfere with the IFN-alpha sig-
nalling pathway, and promote further investigation into their
action of inhibition.  This approach offers a new strategy for iden-
tifying novel viral genes, or new functions of already described
viral genes, which have a role in IFNα signalling inhibition.

101
ANTI-CYTOKINE AUTOANTIBODIES IN AUTOIMMUNI-
TY: PREPONDERANCE OF NEUTRALIZING AUTOANTI-
BODIES AGAINST INTERFERON-ALPHA, INTERFERON-
OMEGA AND INTERLEUKIN-12 IN PATIENTS WITH THY-
MOMA AND/OR MYASTHENIA GRAVIS. Tony Meager1,
Meenu Wadhwa1, Paula Dilger1, Chris Bird1, Kumi Visvalingam,
Robin Thorpe1, John Newsom-Davis2, Nick Willcox2. 1Division of
Immunology and Endocrinology, The National Institute for
Biological Standards and Control, Blanche Lane, South Mimms,
Herts., EN6  3QG. 2Neurosciences Group, Weatherall Institute of
Molecular Medicine, John Radcliffe Hospital, Oxford, OX3 9DS.

We have screened for spontaneous anti-cytokine autoantibodies
in patients with infections, neoplasms and autoimmune diseases,
because of their increasingly reported co-occurrence. We tested
for both binding and neutralizing autoantibodies to a range of
human cytokines, including interleukin-1alpha (IL-1α), IL-1β,
IL-2, IL-4, IL-6, IL-8, IL-10, IL-12,  IL-18, interferon-alpha2
(IFN-α2), IFN-β, IFN-γ, IFN-ω, tumor necrosis factor alpha
(TNF-α), transforming growth factor beta-1 (TGF-β1) and gran-
ulocyte-macrophage colony stimulating factor (GM-CSF), in
plasmas or sera. With two notable exceptions described below, we
found only occasional, mostly low-titer, non-neutralizing anti-
bodies, mainly to GM-CSF; also to IL-10 in pemphigoid.
Strikingly, however, high-titer, mainly IgG, autoantibodies to
IFN-α2, IFN-ω and IL-12 were common at diagnosis in patients
with late-onset myasthenia gravis (LOMG+), thymoma (T) but no
MG (TMG–) and especially with both thymoma and MG togeth-
er (TMG+). The antibodies recognized other closely related type I
IFN-α subtypes, but rarely the distantly-related type I IFN-β and
never (detectably) the unrelated type II IFN-γ. Antibodies to IL-
12 showed a similar distribution to those against IFN-α2, though
prevalences were slightly lower; correlations between individual
titers against each were so modest that they appear to be entirely
different specificities. Neither showed any obvious correlations
with clinical parameters including thymoma histology and HLA
type, but did increase sharply if the tumors recurred. These anti-
bodies neutralized their respective cytokine in in vitro bioassays;
although they persisted for years, severe infections were surpris-
ingly uncommon, despite the immunosuppressive therapy also
used in most cases. These findings must hold valuable clues to
autoimmunizing mechanisms in paraneoplastic autoimmunity.
Emerging data on neutralisation of IL-23 will be presented.

102
INTERFERON ALFA INHIBITS CRIMEAN-CONGO
HEMORRHAGIC FEVER VIRUS (CCHFV) REPLICA-
TION CYCLE Ida Andersson1, K-E. Magnusson2, Å.
Lundqvist1, O. Haller3 and A. Mirazimi1, 1Center for
Microbiological Preparedness/Swedish Institute for Infectious
disease control, Solna,Sweden, 2Div. of Medical Microbiology,
Linköping, Sweden, 3Dept. of Virology, University of Freiburg,
Germany

Crimean Congo Hemorrhagic Fever virus (CCHFV) belongs to
the genus Nairovirus within the family Bunyaviridae and is the
causative agent of severe hemorrhagic fever. Despite increasing
knowledge about hemorrhagic fever viruses, the factors deter-
mining their pathogenicity are not generally known. Interferons
(IFNs) are important cytokines involved in the innate immune
response and are crucial for limiting the early replication and
spread of viruses. Previous studies have shown that IFN type I
have an inhibitory effect to several members of the Bunyaviridae
family, but the underlying molecular mechanism is not under-
stood. Here, we report that IFN type I has an antiviral effect to the
replication cycle of CCHFV. The yield of progeny virus, in cells
treated with 100 units of IFN alfa per ml, was reduced up to
1000-fold compared to untreated cells. By using real time PCR,
we could also demonstrate that IFN alfa inhibits the replication of
viral RNA in CCHFV infected cells. In addition we have investi-
gated the role of the interferon induced human MxA protein in
the observed INF type I antiviral activities by using short inter-
fering RNAs (siRNAs). Preliminary results from these experi-
ments indicate an important role for MxA in the innate antiviral
defence against CCHFV. These results confirm our previous
study, in which we report that human MxA prevents the produc-
tion of new infectious virus particles by inhibiting the replication
of CCHFV viral RNA in cells overexpressing MxA.  

103
PICIBANIL (OK-432) ACTIVATION OF HUMAN MONO-
CYTES DEPENDS ON SYK AND MEK KINASES Carla
Olsnes, Hans Jørgen Aarstad, Jan Olofsson, Dept. of
Otolaryngology/Head & Neck Surgery, Haukeland University
Hospital, Bergen, Norway.

Picibanil (OK-432) is a penicillin-inactivated biological prepara-
tion derived from a non-virulent human strain of Streptococcus
pyogenes, used in cancer and lymphangioma treatment. OK-432
has been shown to augment the production of a variety of
cytokines such as Interleukin (IL)-6, IL-12, and Tumor Necrosis
Factor (TNF) - a in macrophages, neutrophils and NK cells.
However, the direct effect of OK-432 on in vitro purified human
monocytes (MOs) and the signal transduction pathways in OK-
432-activated MOs have not been extensively studied. Here we
show that OK-432, similar to LPS, augments the production of
IL-6, and TNF-a. Unlike LPS which down-regulates Monocyte
Chemoattractant Protein (MCP)-1, OK-432 stimulates MCP-1
production, as analyzed by ELISA and real-time PCR.
Application of a Syk kinase selective inhibitor or a specific MEK
kinase 1 and 2 inhibitor, but not a PI 3-kinase inhibitor, abolish-
es IL-6, TNF-a, and MCP-1 production in OK-432-stimulated
MOs. Thus, OK-432 stimulates IL-6, MCP-1, and TNF-a pro-
duction in MOs through a Syk- and MEK- dependent pathway. 

104
INDUCTION OF INTERFERON-INDUCIBLE MX GENES
DURING RESPIRATORY SYNCYTIAL VIRUS AND
INFLUENZA VIRUS INFECTIONS IN VIVO. Lioubov M.
Pletneva, Marti Ottolini, Jorge C. G. Blanco and Gregory A.
Prince, Virion Systems Inc., Rockville, MD, USA

Respiratory syncytial virus (RSV) and influenza virus (IV) infec-
tions result in substantial morbidity and mortality in humans of
all ages. Interferons and interferon-inducible genes play an
important role in controlling infections with these viruses. Mx
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proteins are interferon-induced GTPases with antiviral activity
against a wide range of RNA viruses. Due to absence of func-
tional Mx genes in most strains of laboratory mice, studies of
viral induction of these genes in vivo have been hampered. The
cotton rat represents the best or only animal model for the study
of several respiratory virus infections, including RSV and IV
infections. We have cloned cDNAs for cotton rat homologues of
Mx1 and Mx2 genes. We analyzed their mRNA expression in
lungs of cotton rats infected with RSV and IV at different time
points post inoculation. Our results demonstrate that the Mx
genes are induced during infection with both viruses. RSV infec-
tion generated profiles of expression for both genes that were
identical, with steady-state levels of mRNA peaking between
days 1 and 3 post infection and mirroring the replication of RSV
in lungs of cotton rats. IV infection generated different profiles
for each Mx gene, with Mx1 expression peaking sharply on day
1, and Mx2 exhibiting a more extended expression starting as
early as 12 h post infection and continuing until day 3. Potential
correlations between the expression of Mx genes and interferon
genes will be discussed.

105
THE INTERFERON-INDUCIBLE PROTEIN ISG12 ASSO-
CIATES WITH THE MITOCHONDRIA AND SENSITIZES
HT1080 TO ETOPOSIDE-INDUCED APOPTOSIS Shaun
Rosebeck and Douglas W. Leaman, Department of Biological
Sciences, University of Toledo, Toledo, OH, USA

Gene array studies have identified hundreds of IFN-stimulated
genes (ISGs) that are transcriptionally upregulated by type I
IFNs, only a limited subset of which have been functionally char-
acterized.  One interesting group of ISGs that has received rela-
tively little attention is a family of genes that encode low molec-
ular weight proteins of unknown function.  Included within this
group are ISGs 6-16, 9-27, 1-8, and IFI27 (ISG12). ISG12
mRNA is highly induced upon treatment with type I IFNs,
exhibiting 15- to 220-fold induction depending on the cell type
used (e.g. melanoma, renal cell carcinoma, and fibroblast, etc.)
and the treatment regimen. Cell fractionation and immunofluo-
rescence studies in our laboratory demonstrated that the ISG12
protein localized to the mitochondria. Amino acid sequence
analysis identified a putative mitochondrial targeting signal pep-
tide that was sufficient to target enhanced green fluorescent pro-
tein (EGFP) to the mitochondria. A full-length ISG12-EGFP
fusion protein also associated with the mitochondria and
appeared to rearrange the mitochondrial network into a con-
densed punctiform structure surrounding the nucleus, suggesting
that IFN-induced ISG12 protein may alter mitochondrial func-
tion. To assess the physiological significance of ISG12 expres-
sion on the mitochondria, cellular apoptotic responses were eval-
uated in cells in the presence or absence of ectopic ISG12 expres-
sion.  HT1080 fibrosarcoma cells were transiently transfected
with full-length ISG12 or empty vector and treated 24 hours post-
transfection with etoposide for 0, 4, 8, 16, and 24 hours.
Immunoblot analysis showed activation of caspase 3 at all time
points in ISG12-transfected cells, whereas empty vector-trans-
fected cells showed no activation until 16 hours post-treatment.
These data suggest that ISG12 sensitizes cells to other apoptotic
stimuli. Future work will focus on identifying the mechanism of
action and specific roles for ISG12 in the innate immune
response to virus or other pathogens.

106
ANTI-TUMOR AUTOCRINE/PARACRINE ACTIVATION
PATHWAY LEADING TO IL-12/IL-18-STIMULATED 
IFN-ΓΓ PRODUCTION OF MONOCYTES IN TUMOR-
BEARING PATIENTS. Kazuko Uno1, Yoko Mitsuishi1,
Norimichi Kan1, Kiyotaka Okuno2, Hideo Saotome3, Junnji
Hamuro4, Tsunataro Kishida1 (1L. Pasteur Ctr. Med. Res., 2Dept.
Surgery, Kinki Univ., 3Wyeth Research, 4Ajinomoto Co. Ltd.)

IL-12 and IL-18 stimulated IFN-γ production from mouse
macrophages and dendritic cells has been previously demonstrat-
ed, however, IL-12 and/or IL-18 stimulated IFN-γ production in
human monocytes (Mo) is controversial. Here, we demonstrate
that IL-12 and IL-18 can co-stimulate IFN-γ production from
human Mo positively separated from peripheral mononuclear
leukocytes by CD14 labeled MACS beads. In particular, com-
pared to healthy subjects, the IL-12 and IL-18 stimulated IFN-γ
production in Mo was found to diminish in tumor-bearing
patients. When pre-treated with IFN-γ , IFN-α, IL-12 and IL-2,
Mo derived from both healthy subjects and tumor-bearing
patients exhibited enhanced IFN-γ production upon IL-12 and
IL-18 stimulation. For evaluation of the antigen presenting abili-
ty of Mo, CD4T cells from healthy subjects were stimulated with
anti-CD3 antibody and the cytokine treated Mo. The cytokine
treated Mo produced more IFN-γ and IL-12 compared to non-
treated Mo. The addition of anti-IL-12 antibody to the assay sys-
tems partially diminished IFN-γ production. Additionally we
found a detectable level of plasma IL-12 and a high level of plas-
ma IL-18 in a portion of the tumor-bearing patients, but not in the
healthy subjects.
These results suggest that a certain group of tumor-bearing
patients experienced IL-12 and IL-18 production as a result of
Mo (APC)-T cell interaction, and that these cytokines enable the
autocrine/paraceine activation of NK/NKT cells, Mo, CD4T and
CD8T cells. The production of IFN-γ from Mo would acts not
only to enhance innate immunity but also to establish a link
between innate immunity and the developing adaptive immune
response.

107
A REGULATORY ROLE OF IL-4 AND IL-4δδ2 IN MATU-
RATION OF DENDRITIC CELLS. Irina O. Chikileva, Galina
Yu. Puchkova, Anatoly M. Vasiliev, Mikhail V. Kiselevsky1,
Valentin S. Khlebnikov, Grigory Ya. Scherbakov, Viacheslav M.
Abramov and Raisa N.Vasilenko. Institute of Immunological
Engineering, Lyubuchany, Moscow Region, Russia, 1Cancer
Research Center, Moscow, Russia.

IL-4 plays an important part in formation of DC from monocytes.
IL-4δ2 is a natural IL-4 antagonist. This work is devoted to the
study on IL-4 and IL-4δ2 influence on the expression of co-stim-
ulating molecules (CD86, CD80, CD40) on DC surfaces.
Immature DCs were obtained from peripheral blood according to
the standard technique in the presence of IL-4 and GM-CSF.
Morphologically immature DC represented by themselves large
oval cells with eccentric nuclei, expansive foamy cytoplasm and
multiple star-like processes with weak adhesion to the plastic.
Phenotypically immature DCs corresponded to the following
standards: HLA-DR+CD1a+CD14lowCD83-CD80-CD86+CD40+.
Further incubation of immature DCs for 3 days in the presence of
IL-4δ2 and GM-CSF resulted in full loss of CD86 markers and
significant decreasing of CD40. Large DCs of angular form with
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a tight adhesion to the plastic morphologically resembled
macrophage cells. Expression of CD14 molecules up-regulated
though it was some lower than that in macrophages (63 %). At
additional incubation of those cells for 3 days in the presence of
IL-4 and GM-CSF the content of co-stimulating molecules of
CD86 and CD40 was restored. Thus, IL-4δ2 fully suppressed the
expression of CD86 molecules, extremely important for co-stim-
ulation of T-cells. Besides, expression of CD40 was significantly
decreased. IL-4δ2 apparently performed an immunosuppressive
function in vivo, suppressing co-stimulating potential of DCs.

108
AN INDUCIBLE KNOCK-IN MODEL TO STUDY CAR-
DIOTROPHIN-LIKE CYTOKINE FUNCTION AND
EXPRESSION. Florence Guilhot1, Isabelle Cognet1, Alexandra
Bert1, Hugues Gascan2, Bernadette Drayton3, Odile deLapeyrière3

and Jean-François Gauchat1, 1Département de Pharmacologie,
Faculté de Médecine, Université de Montréal, Montréal, Québec,
Canada, 2INSERM U564, CHU, Angers, France, 3INSERM U382,
Institut de Biologie du Développement, Marseille, France.

Cardiotrophin-like cytokine (CLC), also known as novel neu-
rotrophin-1/B cell stimulating factor-3 (NNT-1/BSF-3), is a
member of IL-6-type cytokines, an important family of mediators
involved in the regulation of the acute-phase response to injury
and infection. Besides their functions in inflammation and
immune response, these cytokines play also a crucial role in
haematopoiesis, liver and neuronal regeneration, embryonic
development and fertility. Dysregulation of signalling contributes
to the onset and maintenance of several diseases, such as multi-
ple sclerosis (MS). CLC shares structural similarities with ciliary
neurotrophic factor (CNTF), including the conservation of the
site I domain involved in binding to CNTF receptor (CNTFR).
CNTF is involved in the differentiation and the survival of vari-
ous cell types in the nervous system, in particular oligodendro-
cytes which are involved in remyelinisation in remission phases
of MS. Whereas CNTF is a non-secreted protein released by
damaged cells, CLC forms a secreted complex with cytokine-like
factor-1 (CLF). The CLC/CLF complex binds the functional
CNTFR (comprising CNTFR alpha chain, gp130 and leukaemia
inhibitory factor receptor) and activates the same JAK/STAT sig-
nalling pathway than CNTF. CLC/CLF complex supports motor
neuron survival and recent results from CLF knock-out mice
indicate that CLC/CLF is a target-derived factor required for the
survival of specific pools of motoneurons. To study the role of
CLC in MS, an inducible Knock-In mouse model of CLC is cur-
rently generated. The CLC gene was isolated from a mouse cos-
mid, cloned in a low copy plasmid where the third exon was
floxed and a splice acceptor/β-galactosidase reporter gene intro-
duced. This targeting vector was used for the homologous recom-
bination in mouse ES cells. The knock-in mice will be used to
study CLC expression and function during nervous system devel-
opment, and to evaluate its expression and its protective role in
experimental autoimmune encephalomyelitis (EAE), a murine
model of MS.

109
IL-20 IS AN ANGIOGENIC FACTOR  Renhai Cao3, Yihai
Cao3, Jes T. Clausen1, Steen Dissing2, Anker J. Hansen1, Erik
Hasselager1, Maja Myren2, Peder L. Nørby1, Uffe B. Olsen1,
Katerina Tritsaris2. 1Discovery, Novo Nordisk A/S, Bagsvaerd &
Maaloev, Denmark, 2Department of Medical Physiology,

Copenhagen, Denmark, 3Microbiology and Tumor Biology
Center, Stockholm, Sweden.

The observations that IL-20 transgenic mice develop hyperker-
atosis, thickened epidermis, and proliferation of/in the suprabasal
layer and that IL-20 mRNA is present in human psoriatic skin
suggest that IL-20 is implicated in psoriasis. IL-20 mRNA is
expressed by keratinocytes in suprapapillary foci in the psoriatic
lesion whereas IL-20 mRNA expression is low in un-involved
psoriatic skin. Moreover, IL-20Rα and IL-20Rα mRNA was
expressed throughout the psoriatic epidermal layer. Collectively
these findings suggest that IL-20 could serve as a growth factor
in the diseased skin.  Since angiogenesis and hyper-vascularity
are characteristic features of the psoriatic plaque, we have been
looking for a potential angiogenic role of IL-20. In-vivo IL-20
provoked angiogenesis as determined by the mouse cornea
micropocket assay and the matrigel plug assay. In vitro IL-20
increased endothelial cell (HUVEC) migration in the Boyden
chamber assay. By RT-PCR we found that human endothelial cell
types from dermal microvessels, umbilical artery and vein
express mRNA for the IL-20 receptors (IL-20Rα and IL-20Rβ).
We suggest that IL-20 has angiogenic properties and that it has a
pivotal role in psoriasis to combine hyperkeratosis with neo-vas-
cularity. 

110
INTERLEUKIN-20 PROTEIN IN PSORIATIC SKIN
PLAQUES DISAPPEARS AFTER SHORT TERM TREAT-
MENT WITH CYCLOSPORINE A OR CALCIPOTRIOL
Erik Hasselager1, Torben Steiniche2, Stefan Zahn3, John Rømer4,
Tom Bukowski5, Jes T. Clausen3, and Knud Kragballe6,
1Discovery, Novo Nordisk, Maaloev, Denmark; 2Dept of
Pathology-Anatomy, Aarhus Kommunehospital, Aarhus,
Denmark, 3Discovery, Novo Nordisk, Bagsvaerd, Denmark,
4Finsenlaboratoriet, Copenhagen, Denmark, 5ZymoGenetics,
Seattle, WA, USA, and 6Dept of Dermatology, Marselisborg
Hospital, Aarhus, Denmark.

Interleukin-20 (IL-20) is implicated in psoriasis. We have report-
ed a distinct and selective expression of IL-20 mRNA in basal
and suprapapillary keratinocytes in chronic psoriatic lesions.
Also expression of receptor (R) mRNA of the IL-20R1, IL-20R2,
and the Interleukin-22R1 are confined to the keratinocytes of the
psoriatic plaque (Rømer et al., J Invest Dermatol 121:1306-
1311). Using specific antibody to IL-20 and a series of CD-mark-
ers we examined the localization of the IL-20 protein in epider-
mal psoriatic lesions and infiltrated dermal areas using biopsy
material from psoriatic patients. The IL-20 protein levels were
studied during a 4 week treatment with either oral Cyclosporine
A (CsA) (n=10) or topical Calcipotriol (n=10). On days 0, 14 and
28 punch biopsies (6 mm) were taken in the centre of a psoriatic
plaque. IL-20 was found throughout the epidermis and also in
many of the infiltrating cells in the dermis. Many CD4 positive
lymphocytes and CD8 positive cells co-stained with IL-20. Other
CD8 cells showed co-staining for cutaneous lymphocyte antigen
but not IL-20. A few monocytes (CD68) and dendritic cells
(CD1a) were positive for IL-20. Neither B-cells (CD20), Natural
killer-cells (CD57) nor granulocytes (CD15) were seen to har-
bour the IL-20 protein. Only small amounts of IL-20 were found
in basal epidermal keratinocytes of non-lesional skin. Short term
treatment with oral CsA reduced the amount of IL-20 to almost
zero in the epidermis after 14 days but IL-20 was still present in
the infiltrating dermal cells. After 28 days of CsA-treatment no
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IL-20 protein could be detected in the lesions. Treatment with
Calcipotriol reduced the amount in a similar fashion although
less effectively. These findings indicate that IL-20 may not only
be an autocrine growth factor for keratinocytes, but is also impli-
cated in the inflammatory aspects of the psoriatic lesion.

111
ISOLATION AND CHARACTERIZATION OF cDNAs
ENCODING CHICKEN IL-16 AND 1L-17 Erik P.
Lillehoj,aWongi Min, b and Hyun S. Lillehojb aDepartment of
Pharmaceutical Sciences, University of Maryland, Baltimore,
MD; bAnimal Parasitic Diseases Laboratory, ARS, USDA,
Beltsville, MD

Only a limited number of cytokine genes have been cloned from
avian spp. due to low sequence homologies with their mammalian
counterparts.  As an alternative approach, we prepared an EST
cDNA library from intestinal intraepithelial lymphocytes of
Eimeria acervulina-infected chickens and enriched for proin-
flammatory cytokine genes as potential vaccine/adjuvant candi-
dates.  The library contained 34,708 unique sequences with an
average insert size of 1.7 kb, and 3.7 ESTs/contig (GenBank
accession nos. CD726833-CD740810, CF074760-CF075157).
Comparison of the sequence data from 14,409 clones with
GenBank sequences identified 125 novel genes, including two
previously unidentified cytokines, IL-16 and IL-17.  The IL-16
clone contained a 1,821 bp full-length open reading frame pre-
dicted to encode a protein of 607 amino acids (63.5 kDa) with 49-
52% sequence identity to mammalian homologues.  By Northern
blot analysis, IL-16 transcripts were identified in lymphoid, but
not non-lymphoid tissues.  A recombinant protein containing the
COOH-terminal 149 amino acids of IL-16 expressed in COS-7
cells showed chemoattractive activity for splenic lymphocytes.
Similarly, a 917 bp cDNA encoding the IL-17 gene was isolated.
It contained a 507 bp full-length open reading frame predicted to
encode a protein of 169 amino acids (18.9 kDa) containing a 27
residue NH2-terminal signal peptide, a single potential N-linked
glycosylation site, and 6 cysteine residues conserved with mam-
malian IL-17s.  IL-17 shared 37-46% amino acid sequence iden-
tity to the previously described mammalian homologues and was
homologous to open reading frame 13 of Herpesvirus saimiri
(HSV 13).  IL-17 transcripts were identified in a reticuloen-
dotheliosis virus-transformed lymphoblast cell line and Con A-
stimulated splenic lymphocytes but not other cell lines or tissues.
Conditioned medium from COS-7 cells transfected with the IL-
17 cDNA induced IL-6 production by chicken embryonic fibrob-
lasts suggesting a functional role for the cytokine in avian immu-
nity.  Supported by National Research Initiative grant 2002-
35205-12838 from USDA.

112
BIRA-BIOTINYLATED CARDIOTROPHIN LIKE
CYTOKINE: A NEW TOOL TO STUDY CILIARY NEU-
ROTROPHIC FACTOR AND CARDIOTROPHIN LIKE
CYTOKINE RECEPTOR EXPRESSION. Isabelle Cognet1,
Florence Guilhot1, Mélanie Gabriac1, Alexandra Bert1, Greg
Elson2, Hugues Gascan3 and Jean-François Gauchat1.
1Pharmacology, University of Montreal, Montreal, Quebec,
Canada; 2NovImmune, Geneva, Switzerland and 3INSERM U564,
Angers, France.

Cardiotrophin like cytokine (CLC) and cytokine like factor 1
(CLF) form a secreted complex which can bind and activate the
ciliary neurotrophic factor receptor (CNTFR). Like CNTF,
CLC/CLF is a survival factor for rat motoneurons. CLC is
expressed by immune cells and it has been reported to activate B
cells in vivo and in vitro. To study expression of CLC receptors
by immune cells and compare it with CNTF receptor, we pro-
duced C-terminal tagged derivatives of mouse CLC and CNTF
which can be biotinylated using the biotin ligase BirA. Mouse
CLC and CNTF cDNAs were modified to include the sequences
coding for a minimal BirA peptide substrate and a protein C epi-
tope (CLC) or six histidines (CNTF). CLC was co-expressed in
HEK 293 stable transfectants with mouse CLF, isolated by affin-
ity chromatography on anti-protein C resin and biotinylated with
recombinant BirA. CNTF was produced in the E. coli strain
BL21 transformed with a BirA coding plasmid (Avidity, USA)
and purified by Ni-NTA chromatography (Qiagen, Canada).
Biotin conjugates were isolated by affinity chromatography on
monomeric avidin resin (Promega, USA). For flow cytometry,
cells were successively labelled with the recombinant proteins
and APC-streptavidin. Binding of biotinylated CLC/CLF or
CNTF to CNTFR expressed by stable HEK 293 transfectant gave
a strong fluorescence signal, easily detectable by flow cytometry.
Binding could be prevented by competition with an excess of
mouse CNTF but was unaffected by mouse interleukin 6, indi-
cating that the observed signal was specific. The recombinant
biotinylated proteins were further tested for sensitivity of recep-
tor detection by flow cytometry using a mouse oligodendrocyte
cell line expressing CNTFR. These new recombinant cytokine
derivatives add to the tools available to help characterize the role
of both CLC/CLF and CNTF in the mouse immune and nervous
systems.

113
T-CELL DERIVED CYTOKINE, INTERLEUKIN-31,
INDUCES A DERMATITIS PHENOTYPE IN MICE 
J. Bilsborough, S. Dillon, H. Haugen, K. Kim, K. Bontadelli, D.
Cutler, S. Mudri, K. Waggie, H-P Ren, M. Maurer, B. Harder, M.
Rosenfeld-Franklin, C. Sprecher, J. Parrish-Novak, A. Hammond,
M. Dasovich, J. Johnston, L. Lockwood, Z. Chen, C. Clegg, D.
Foster and J. Gross. ZymoGenetics Inc., Seattle, WA, USA

We have identified a novel four-helix bundle cytokine, designat-
ed IL-31, which binds and signals through a heterodimeric recep-
tor comprising IL-31RA and oncostatin M receptor b (OSM-Rb).
IL-31 is produced by activated T cells and appears to be prefer-
entially expressed by Th2-skewed cells compared to Th1-type
cells.  The mRNA transcripts for the IL-31 heterodimeric recep-
tor, IL-31RA and OSM-Rβ, are found in human activated mono-
cytes and epithelial cell lines while RT-PCR analysis of murine
tissue suggest the receptors are present at significant levels in
skin and lung.  IL-31 transgenic mice expressing the murine form
of the gene, driven by the lymphocyte-specific promoter Em/lck,
or the ubiquitous promoter EF1a, develop severe pruritis, alope-
cia and skin lesions.  IL-31 Tg into RAG-1-/- radiation bone mar-
row chimeras develop hair loss and lesions within 3-4 weeks after
reconstitution, suggesting the phenotype is not developmental but
is a direct result of IL-31 over-expression.  Delivery of IL-31 pro-
tein via osmotic pump into IL-31RA knockout animals results in
no phenotype, confirming that IL-31 signals through IL-31RA to
induce alopecia and pruritis.  The skin phenotype of IL-31-treat-
ed animals is reminiscent of intrinsic atopic dermatitis (AD)
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patients.  AD is a common chronic inflammatory disease, thought
to be mediated through the over-production of Th2 type
cytokines.  Systemic delivery of IL-31 may therefore be associat-
ed with Th2 cytokine-driven allergic diseases such as AD and
asthma.  RT-PCR studies suggest that IL-31RA is up-regulated in
both lung tissue and bronchoalveolar lavage (BAL) infiltrates
from animals undergoing a murine model of asthma and IL-
31RA can be detected in human asthmatic and normal lung tissue
via immunhistochemistry (IHC).

114.
THE IΚΚB KINASE (IKK) AND THE CONTROL OF
IMMUNITY, INFLAMMATION AND CANCER Michael
Karin, Laboratory of Gene Regulation and Signal Transduction,
Department of Pharmacology, University of California, San
Diego School of Medicine, La Jolla, CA

Mammals express five NF-κB proteins: NF-κB1, NF-κB2, RelA,
RelB and c-Rel.  These proteins can assemble into a variety of
homo- and heterodimers that bind to κB sites on DNA and induce
transcription of genes whose products play key roles in activation
of innate and adaptive immune responses, inflammation and pre-
vention of apoptosis.  NF-κB1 and NF-κB2 require proteolytic
processing to produce the mature p50 and p52 NF-κB subunits
that can associate with any of the other Rel proteins.  Once
formed, NF-κB dimers are stored in the cytoplasm through inter-
action with the IκB proteins, which need to be degraded via the
26S proteasome before NF-κB can enter into the nucleus and reg-
ulate transcription. Ubiquitin-dependent degradation of IκBs
requires their phosphorylation by the IκB kinase (IKK) complex,
whose activity is rapidly stimulated in response to microbial and
viral infections, proinflammatory cytokines and ionizing radia-
tion.  IKK is composed of two related catalytic subunits IKKα
and IKKβ and a regulatory subunit IKKγ/NEMO, that is essential
for activation of the complex.  We found that IKKα and IKKβ
differ in their substrate specificities and as a result have distinct
biological functions.  Whereas IKKβ is a true IκB kinase, IKKα
is a poor IκB kinase and instead is an efficient NF-κB2 kinase,
whose activity is required for production of p52.  As a result,
IKKβ is required for general NF-κB functions, including activa-
tion of innate immune responses, inflammation and protection of
cells from TNF-induced apoptosis, whereas IKKα is required for
p52-specific functions, such as B cell maturation and formation
of secondary lymphoid organs.  IKKα kinase activity is also
required for inducing the proliferation of mammary epithelial
cells in response to a TNF family member called RANK ligand.
In this case, however, it is required for the canonical NF-κB acti-
vation pathway, which depends on IκB degradation.  These find-
ings reveal that IKKα and IKKβ may be differentially engaged by
different members of the TNF receptor family. We used mice that
lack IKKβ in defined cell types to study the physiological func-
tions of the classical NF-κB activation pathway that depends on
its activity.  The results indicate that IKKβ plays a critical role in
macrophage activation and inhibition of macrophage and neu-
trophil apoptosis in response to bacterial encounter.  IKKβ is also
important for prevention of IL-1β secretion, although it is
required for induction of IL-1β gene transcription.  In addition to
its role in the control of inflammation, IKKβ also plays an impor-
tant role in carcinogenesis.  We found that in a model of colitis-
associated cancer the activation of IKKβ in intestinal epithelial
cells suppresses the apoptosis of preneoplastic cells, whereas the
activation of IKKβ in myeloid cells promotes the proliferation of
transformed epithelial cells through a paracrine mechanism.

Thus, IKKβ may provide a mechanistic link between inflamma-
tion and cancer.  In addition, we have found that the IKK/NF-κB
pathway is involved in inflammation-induced progression and
metastatic growth.  Inhibition of NF-κB activation in cancer cells
converts inflammation-induced tumor growth to inflammation-
induced tumor regression.

115.
HUMAN INTERFERON-ββ GENE REGULATION: SIG-
NALING PATHWAYS AND TRANSCRIPTION MECHA-
NISMS. Tom Maniatis, Department of Molecular and Cellular
Biology, Harvard University, Cambridge Massachussetts. 

Virus infection triggers multiple signal transduction pathways
leading to the coordinate activation of the transcription factors
ATF-2/C-jun, IRF-3 and NF-κB.  These proteins, along with the
transcriptional coactivators CBP and P300, and the architectural
protein HMGI/Y assemble on the IFN−β promoter to form an
enhanceosome.  This multicomponent DNA/protein complex
orchestrates the step-wise recruitment of histone acetylase and
chromatin remodeling complexes to the promoter, ultimately
resulting in the repositioning of a nucleosome and the binding of
RNA polymerase. Recent progress in understanding the signaling
pathways involved in the activation of IRF-3 and NF-κB will be
discussed.  In addition, evidence will be presented showing that
the coordinate activation of human IFN α genes in response to
virus infection involves gene cluster-wide changes in histone
modifications similar to those previously observed with the IFN-
β gene. 

116.
MAP KINASE PATHWAYS IN TYPE I INTERFERON SIG-
NALING L.C. Platanias, Northwestern University School of
Medicine, Chicago IL, USA.

There is accumulating evidence that beyond the classic Jak-Stat
pathway, additional signals are required for the generation of the
pleiotropic cellular responses elicited by Type I interferons
(IFNs).   We have recently shown that the p38 Map kinase path-
way is activated in response to treatment of cells by different Type
I IFNs (IFNα, IFNβ), and that its function is essential for IFN-
dependent transcriptional activation via ISRE or GAS elements.
Such function of the p38 Map kinase pathway is unrelated to any
effects on the phosphorylation and activation of Stat-proteins, as
shown by the normal IFN-induced Stat-activation in cells with
targeted disruption of the p38α gene.  In efforts to identify
upstream and downstream effectors of the IFN-activated p38
Map kinase pathway, we have recently shown that the kinases
Mkk3 and Mkk6 are activated in a Type I IFN-dependent manner
in sensitive cell lines.  Our data have also demonstrated that the
engagement of these kinases is essential for activation of the p38
Map kinase and its downstream effectors MapKapK2- and
MapKapK-3.   Moreover, studies using double knockout Mkk3-/-
Mkk6-/- MEFs have demonstrated that the functions of these
kinases are essential for IFN-dependent gene transcription and
regulate expression of the ISG-15 and IRF-9 genes, without
affecting Stat-serine phosphorylation and DNA binding of Stat-
containing complexes.    In other studies, we have identified the
Msk1 kinase as a downstream effector of the Type I IFN-activat-
ed p38 Map kinase pathway, suggesting that a potential mecha-
nism by which the p38 pathway regulates gene transcription may
involve regulation of phosphorylation of nuclear histones and
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chromatin remodeling.    Altogether, our studies have established
that the p38 Map kinase and its effector kinases play critical roles
in the generation of interferon signals and the induction of IFN-
responses.

117.
THE RNA HELICASE RIG-I FUNCTIONS AS A RECEP-
TOR FOR CYTOPLASMIC DOUBLE-STRANDED RNA
AND PLAYS CRITICAL ROLES IN INNATE ANTIVIRAL
RESPONSES M. Yoneyama1, M. Kikuchi1, T. Natsukawa1, N.
Shinobu1, T. Imaizumi2, S. Akira3, M. Miyagishi4, K. Taira4 and T.
Fujita1 1Dept. of Tumor Cell Biology, Tokyo Metropolitan Institute
of Medical Science, Tokyo, Japan 2Dept. of Vascular Biology,
Hirosaki University School of Medicine, Hirosaki, Japan 3Dept. of
Host Defense, Research Institute for Microbial Diseases, Osaka,
Japan 4Dept. of Chemistry and Biotechnology, School of
Engineering, University of Tokyo, Tokyo, Japan

Virus infection induces production of type I IFN in various types
of cells, and this innate response constitutes the first line of
defense against viruses.  Viral double-stranded (ds) RNA gener-
ated during viral replication has been postulated to trigger this
reaction.  Recently, evidence has accumulated that Toll-like
receptors (TLRs) function as sensors for infecting agents.  For
detecting viral infection, TLR3 and TLR7 sense viral ds and sin-
gle-stranded RNA, respectively, in specialized cells including
monocytes and dendritic cells.  However, the ubiquitous sensing
mechanisms for replicating viruses have not been elucidated.  We
performed an expression library screen and identified an RNA
helicase, retinoic acid inducible gene-I (RIG-I), as the long-
sought cytoplasmic receptor for dsRNA.  Expression of RIG-I is
IFN-inducible, however, without an appropriate trigger, the pro-
tein is biologically inert.  RIG-I is composed of a helicase domain
of the DExH/D RNA helicase family and a short domain homol-
ogous to the caspase recruiting domain (CARD).  Helicase
domain directly recognizes dsRNA and results in the activation of
its ATPase activity.  The helicase domain alone or full-length
RIG-I with disrupted ATPase functions as a dominant inhibitor
for virus-induced gene activation.  The expression of CARD
alone activates downstream transcription factors NF-kB and IRF-
3, resulting in the induction of type I IFN.  Analyses using gene
knockdown and biological assays strongly suggested its critical
role in antiviral responses.  Thus, RIG-I is the first non-TLR mol-
ecule that senses cytoplasmic dsRNA by helicase domain and
promotes the activation of its effector domain, CARD, to further
the innate antiviral signals.  

118.
CYTOKINE SIGNALING AND LYMPHOID DEVELOP-
MENT, DIFFERENTIATION AND IMMUNOREGULATION
John J. O’Shea, Molecular Immunology and Inflammation
Branch, NIAMS, NIH, Bethesda, MD 20892, USA

Janus kinase 3 (Jak3) associates with the common γ chain, γc, a
shared cytokine receptor subunit used by IL-2, IL-4, IL-7, IL-9,
IL-15 and IL-21. Mutations of either Jak3 or γc abrogate signal-
ing via these cytokines, resulting in severe combined immunode-
ficiency (SCID). Patient-derived mutations of Jak3 affect expres-
sion, activity, receptor association and intracellular trafficking of
Jak3 thus providing clues to the structure and function of Jaks.
Jak3-SCID not only illustrates the essential but specific function
of this kinase, but also implies that Jak3 is an excellent therapeu-

tic target for the generation of a novel class of immunosuppres-
sants.  A selective Jak3 inhibitor has now been generated and it is
efficacious in murine and primate transplant models.  However,
based in part on less selective inhibitors, a variety of functions
unrelated to cytokine signaling have been ascribed to Jak3. For
example, CD40 signaling and dendritic cells production of IL-12
has been reported to be blocked by inhibition Jak3.  However,
Jak3-deficient DC develop normally and in fact, overproduce IL-
12 and IFN-g in response to CD-40/TLR stimulation. 
Differentiation of CD4+ helper cells to T helper 1 (Th1) cells is
critical in host defense and disease pathogenesis. Stat4 binds the
IFN-γ promoter and is important for remodeling of the locus in
response to IL-12 stimulation. Stat5 binds a distal site in the IFN-
γ gene and appears to contribute to the effects of IL-2 on this
gene. T-bet has been reported to be critical for chromatin remod-
eling; however, we find that remodeling of the IFN-γ locus occurs
independently of T-bet as long as the effects of IL-4 are antago-
nized. In addition to these transcription factors, other intermedi-
ates that have important roles in IFN-γ gene regulation. We and
others have identified multiple cytokine regulated upstream reg-
ulators of MAPKs. For example, the kinase, Cot/Tpl2/MAP3K8,
is preferentially expressed in Th1 cells and directly induced by
IL-12.  Deficiency of MAP3K8 interferes with IFN-γ production
and thus a positive feedback mechanism appears to be operative
in IL-12 signaling involving Cot/Tpl2 and other upstream activa-
tors of the p38 pathway.  Targeting this pathway may be useful in
the treatment of diseases characterized by Th1-mediated patholo-
gy. 

119.
REGULATION OF NUCLEAR FACTOR κκB SUBUNIT C-
REL THROUGH PHOSPHORYLATION BY TWO IκκB
KINASE (IKK)-RELATED KINASES, IKKεε AND TANK-
BINDING KINASE-1. Jennifer Harris1,2, Nathalie Grandvaux1,
Sonia Sharma1,2, Rongtuan Lin1 and John Hiscott1,2. 1Terry Fox
Molecular Oncology Group, Lady Davis Institute for Medical
Research and 2Department of Microbiology and Immunology,
McGill University, Montreal, Quebec, Canada.

The nuclear factor κB (NF-κB) transcription factors are key reg-
ulators of immunomodulatory genes regulation. NF-κB activity
is regulated through the phosphorylation of inhibitory proteins
(IκBs) by the IκB kinase (IKK) complex (IKK α/β/γ), leading to
IκB degradation and NF-κB translocation to the nucleus where
they promote transcription of immunoregulatory genes.
Moreover, cRel and p65 activities are also regulated by direct
phosphorylation of their transactivation domain. Recently, two
IKK non-canonical homologues, IKKε and TBK-1 (TANK bind-
ing kinase-1) have been identified with functions distinct from
the classical IKKα/IKKβ. TBK-1/IKKε trigger antiviral immuni-
ty through direct phosphorylation of the IRF3/IRF7 transcription
factors, which are key regulators of the interferon response. Since
IKKε modulates the activity of IRF3/IRF7, it is of interest to
assess whether IKKε/TBK-1 also regulates the transactivation
activity of NF-κB. Our hypothesis was that IKKε/TBK-1 modu-
lates the activity of cRel by direct phosphorylation of its transac-
tivation domain (TD). In this study, we demonstrate that IKKε
and TBK-1 directly phosphorylate cRel in vitro and in vivo. Two
of the three consensus sequences recognized by IKKε/TBK-1 in
the cRel TD are directly phosphorylated by IKKε.  cRel was
translocated to the nucleus in cells expressing wild type versus
kinase dead variant. Serine to alanine mutation was further used
to characterize the function of this phosphorylation at the level of
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nuclear translocation and transactivation potential using immuno-
fluorescence and reporter gene assay. Furthermore, co-expression
studies reveal that IKKε and not the kinase dead variant is
responsible for cRel degradation in a dose-dependent manner and
this effect is partially reverted by proteasome inhibition. These
results suggest a new level of regulation for cRel by direct phos-
phorylation by the IKK-related kinases IKKε/TBK-1.

120
GENE EXPRESSION PROFILING OF MYELOID AND
FIBROBLAST CELLS LACKING BOTH C-REL AND
RELA IN RESPONSE TO TNFΑ Rebecca McCrackan1,
Raelene Grumont1, Liam O’Connor2, Dobrila Nesic1, Raffi
Gugasyan1, Steve Gerondakis1 Walter and Eliza Hall Institute of
Medical Research, 1G Royal Pd, Parkville VIC 30501, Incyte
Genomics, Inc. 3160 Porter Drive, Palo Alto, CA 943942

The Rel/NF-κB transcription factor family is a critical regulator
of genes controlling cell cycle, differentiation, cytokine produc-
tion and apoptosis in a variety of cell types. Tumour necrosis fac-
tor alpha (TNFα) and interleukin 4 (IL4) induced monocytic mat-
uration of immortalised myeloid progenitor cell lines is associat-
ed with increased Rel/NFκB activity and nuclear translocation of
c-Rel, RelA and p50 Rel/NFκB sub-units. To further investigate
the role of Rel/NF-κB in TNFα and IL4 induced monocytic dif-
ferentiation, we derived immortalised myeloid progenitor cell
lines from wild type, c-rel-/-, rela-/-, and c-rel-/-rela-/- mice.
Treatment of the progenitor cell lines with TNFα and IL-4 result-
ed in rapid (2 – 24 hours) cytotoxicity in cell lines lacking RelA
or both c-Rel and RelA. Molecular profiling was subsequently
performed on multiple independent clonal myeloid progenitor
and embryonic fibroblast cell lines in an attempt to identify NF-
κB target genes mediating myeloid maturation. With the use of 36
cDNA microarrays, each array containing 10,000 complementa-
ry DNAs, gene expression was compared between poly(A)+ RNA
samples prepared from cells (wild type and c-rel-/- rela-/-) before
and after TNFα treatment. Among the 10,000 arrayed genes,
1608 were differentially expressed, of which 1098 were down-
regulated in the c-rel-/-rela-/- cell lines. The NF-κB-dependent gene
profile comprised chemokines, cytokines, receptors, apoptotic
regulators, intracellular signalling molecules and transcription
factors. We identified constitutive, early, intermediate and late
genes that were up or down regulated in the double mutant cell
lines compared to the wild-type cell lines. Furthermore, by com-
paring the gene expression profiles between the myeloid progen-
itor and embryonic fibroblast cell lines, tissue specific gene
expression in response to TNFα was revealed. Together these
findings suggest that Rel/NFκB plays an essential role in mediat-
ing cell cycle arrest and myeloid maturation.

121
THE ROLE OF NF-kB IN THE ANTIVIRAL ACTION OF
IFN AND IFN-REGULATED GENE EXPRESSION.
Lawrence M. Pfeffer1, Jong-Gwan Kim1, Susan R. Pfeffer1,
Dennis J. Carrigan1, Darren P. Baker2, Lai Wei3, and Ramin
Homayouni3. Departments of Pathology and Laboratory
Medicine1, and of Neurology3, University of Tennessee Health
Science Center, Memphis, TN, USA; and Biogen Idec, Inc.2,
Cambridge, MA. USA.

IFNs play critical roles in host defense by modulating the expres-
sion of various genes via tyrosine phosphorylation of STAT tran-

scription factors. Our previous studies established that IFNα/β
activates another important transcription factor, nuclear factor
kappa B (NF-κB), but its role in IFN-mediated activity is poorly
understood. To define the functional role of NF-κB in IFN action,
the sensitivity to IFN was examined in fibroblasts that either had
normal NF-κB function or deletions of the p50 and p65 Rel pro-
teins. IFN failed to activate NF-κB in these NF-κB knockout
(KO) fibroblasts. In addition, antiviral assays demonstrated that
NF-κB KO fibroblasts were more sensitive to the antiviral action
of IFNβ. To determine the relationship between gene regulation
by IFNβ and antiviral activity, microarray analysis was per-
formed on RNA samples collected from IFN-treated murine
fibroblasts. We identified ~100 genes that were highly induced in
response to IFN treatment, including many classical IFN-stimu-
lated genes (ISGs). Four ISGs (Mx1, Ifit1, Isg15 and Nmi) were
selected for further PCR analysis because they were induced at
least 10-fold in wild-type fibroblasts, described previously as
being involved in IFN-mediated responses, and differentially reg-
ulated by IFN in NF-κB KO fibroblasts compared to wild-type
fibroblasts in preliminary microarray studies. Quantitative RT-
PCR confirmed that, whereas the IFN-induced expression of
Mx1 and Nmi was enhanced in NF-κB KO cells relative to wild-
type mouse fibroblasts, IFN-induced expression of Isg15 and
Ifit1 was lower in NF-κB KO cells. The selective effects of NF-
κB on ISG gene expression could also be detected at the protein
level by immunoblotting. Our results demonstrate that the IFN-
activated NF-κB pathway not only counterbalances apoptosis, but
also plays a distinctive role in the IFN-mediated upregulation of
ISGs and in the induction of antiviral activity.

122
CHARACTERIZATION OF THE MULTIPLE IRF-5 VARI-
ANTS: A CLOSER LOOK AT THEIR REGULATION AND
FUNCTION Betsy J. Barnes, Margo E. Mancl, Guodong Hu,
Katherine Hoops, and Paula M. Pitha, Department of Oncology,
Division of Viral Oncology, The Sidney Kimmel Comprehensive
Cancer Center, Johns Hopkins University, Baltimore, MD, USA.

The transcription factor, IRF-5, plays a key role in the innate
immune response to viral infection. Examination of the tran-
scriptional regulation of the IRF-5 gene has shown that IRF-5 is
transcribed into at least four different isoforms: V1, V2, V3, and
V4.  Two of these variants, V1 and V3, have distinct transcription
start sites and are regulated by two distinct promoters. In a tran-
sient transfection assay, the V1 promoter (P-V1) that contains
NFAT and IRFE consensus binding sites is constitutively active
and its activity is up-regulated in virus-infected cells by IRF fam-
ily members -1, -3, -5, and to a lesser extent IRF-7.  This pro-
moter is not responsive to IFN, yet is up-regulated by NFAT only
in virus-infected cells.  In contrast, the ISRE element present in
the V3 promoter (P-V3) confers responsiveness to IFN through
binding of the ISGF3 complex.  Recent data from our laboratory
indicate that there are additional IRF-5 variants expressed both in
immortalized cell lines as well as primary PBMC and PDC cells.
These variants are expressed not only in a cell type-specific man-
ner but also are differentially regulated.  Distinct IRF-5 variants
can be induced differentially not only in infected cells but also in
uninfected cells treated with multiple inducers.  Furthermore, our
preliminary data indicate that the functions of these variants are
diverse.  Taken together, these data show that:  (i) transcription of
the IRF-5 variants is regulated by distinct promoters; (ii) the
virus- and IFN-mediated stimulation of IRF-5 gene expression
proceeds through two separate promoters indicating that viral
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infection and IFN stimulate expression of different IRF-5 vari-
ants; and (iii) not all of the IRF-5 variants are transcriptional acti-
vators.

123
IRF-8\ICSBP IS A MASTER REGULATOR OF MATURE
MACROPHAGES, ESSENTIAL FOR INNATE IMMUNITY
TO INTRAPHAGOSOMAL PATHOGENS Michal Alter-
Koltunoff, Natalie Dror, Aviva Azriel, and Ben-Zion Levi,
Department of Biotechnology and Food Engineering, Technion,
Haifa, Israel

IRF-8\ICSBP is a member of the interferon regulatory family of
transcription factors, which is essential for the differentiation of
myeloid progenitor cells towards mature macrophages, and for the
generation of CD8a+ dendritic cells. Mice with null mutation to
IRF-8\ICSBP develop a chronic myelogenous leukemia like syn-
drome and are sensitive to certain pathogens. IRF-8\ICSBP exerts
its activity through the interaction with other transcription factors
via a specific protein-protein module termed IRF Association
Domain (IAD). We have employed yeast two hybrid (Y2H) to gain
better insight on the regulatory network of IRF-8\ICSBP in mature
macrophages. Using Y2H we have identified several specific
genes among which was Myc Interacting Zinc finger protein 1
(Miz-1). This interaction is restricted to immune cells and takes
place on the promoter of the Natural Resistance-Associated
Macrophage Protein 1 (Nramp1) gene, which functions in innate
resistance to interaphagosomal pathogens. PU.1, which is essen-
tial transcription factor for myelopoiesis, is also involved in the
transcriptional activation of this macrophage restricted iron trans-
porter. The level of Nramp1 in macrophage cell line originating
from IRF-8\ICSBP null mice is very low and can not be further
induced by interferon-g and LPS. Our work lays the molecular
basis for the restricted expression of Nramp1 and its activation by
a specific subset of pathogens and explains in part the sensitivity
of IRF-8\ICSBP-/- mice to interaphagosomal pathogens.

124
PHYSIOLOGY AND PATHOLOGY OF STAT1 AND STAT3.
David E. Levy, Alicia Corlett, Marta Sabbadini, Marion Bonnet,
Chien-Kuo Lee, and Giorgio Inghirami, Departments of
Pathology and Microbiology and NYU Cancer Institute, New York
University School of Medicine, New York NY 10016 USA.

Stat1 and Stat3 are closely related members of the STAT tran-
scription factor family and have been suggested to control oppos-
ing cellular functions. For instance, Stat1 has been described as a
tumor suppressor while Stat3 may be an oncogene. However,
Stat1 is also essential for the antiviral actions of IFNs, while Stat3
is essential for pro- and anti-inflammatory functions of various
cytokines. We have analyzed Stat1 and Stat3 function in vivo
using gene-targeted transgenic mice carrying inactivated alleles
of Stat1, Stat3, or both genes. These studies revealed complex
roles for these transcription factors in cells.
Stat3 is essential for the fully malignant phenotype of oncogene-
transformed cells. It is required for the anchorage-independent
growth and metastatic potential of transformed fibroblasts and
for the growth and survival of B and T cell lymphomas. The
requirement of Stat3 for malignancy has facilitated Stat3 target-
ing as a therapeutic intervention. Antisense oligonucleotide ther-
apy was successful against mouse T cell lymphomas growing in
syngeneic mice as well as against human anaplastic lymphoma

xenografts. Remarkably, Stat3 acts both as a traditional transcrip-
tion factor and as a non-transcriptional signaling protein in tumor
cells. 
Stat3 is also required for mouse embryogenesis, a function that
can be accomplished equally by Stat3α and Stat3β. We found that
this role for Stat3 is confined to the extra-embryonic ectoderm
with no role for Stat3 in the pluripotent embryo proper and are
characterizing its function in trophoblast stem cells. To assess the
cooperative or opposing roles of Stat1 and Stat3, we have exam-
ined the impact of the loss of each or both of these genes during
malignant transformation and during hepatitis-related hepatocyte
inflammation. The cooperative and distinct transcriptional targets
of these transcription factors are being evaluated on a genome-
wide scale using promoter microarrays.

125
CONTROL OF ANTIVIRAL CYTOKINE GENE EXPRES-
SION BY SIGNALING THROUGH RNA SENSORS Anat
Hasson, Sarah Namer, Smadar Cohen-Chalamish, Merav Persky,
Yona Banai, Farhat Osman and Raymond Kaempfer Department
of Molecular Virology, The Hebrew University-Hadassah
Medical School, Jerusalem, Israel

The concept that compact structures within mRNA regulate gene
expression by directly sensing environmental signals, in this case
the stress kinase PKR, is novel. Interferon-γ mRNA strongly acti-
vates PKR and uses this activation to induce eIF2α phosphoryla-
tion and thus to downregulate its own translation by 30-fold (Cell
108, 221-232, 2002). The 5’-terminal activator element is an
RNA sensor that responds to the intracellular level of PKR. A
pseudoknot in the IFN-γ 5’-UTR is crucial for PKR activation.
We show that the active structure is more complex, containing a
trihelical junction formed by the pseudoknot stem and two adja-
cent helices. All three helices carry an A-U base pair at the trihe-
lical junction. Formation of this structure depends critically on
kinking of the RNA, enabled by a novel kink-turn motif. Using
directed mutagenesis combined with ‘in-line’ structure probing
for susceptibility to spontaneous cleavage, we show that each of
these elements is critical for the ability of IFN-γ mRNA to acti-
vate PKR and thereby to attenuate its translation. Metabolite-
sensing RNA elements that control translation are found within
the 5’-UTR of some prokaryotic mRNAs. By contrast, the RNA
sensor of PKR in IFN-γ mRNA includes not only the 5’-UTR but
extends 45 nucleotides into the ORF. We found yet another RNA
sensor of PKR in the TNF 3’-UTR, where a cis-acting element
(2-APRE) activates PKR, rendering mRNA splicing fully
dependent on kinase activation and at once highly efficient. Thus,
TNF mRNA is spliced exceptionally well once PKR is activated,
fitting with the key role of TNF in innate immunity. Strikingly, in
the TNF 3’-UTR we could replace the splicing enhancer function
of the 2-APRE with the IFN-γ RNA sensor of PKR or the HIV
5’-terminal TAR hairpin, another powerful PKR activator. In
employing activation of PKR to control their expression, the
genes for IFN-γ and TNF, antiviral cytokines, mimick a strategy
associated with antiviral responses to modulate the innate
immune response. 

126
MOLECULAR DISSECTION OF DIFFERENTIAL
RECEPTOR ASSEMBLING BY TYPE I INTERFERONS
José Van der Heyden1, Gilles Uzé1, Tal Peleg-Shulman2, Laila C.
Roisman2, Gideon Schreiber2, Peter Lamken3, Eva Jaks3, Jacob
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Piehler3, 1UMR 5124, CNRS, Montpellier, France, 2Dept. of
Biological Chemistry, Weizmann Institute of Science, Rehovot,
Israel, 3Institute of Biochemistry, Goethe-University,
Frankfurt/Main, Germany

Type I interferons (IFNs) elicit antiviral, antiproliferative and
immunmodulatory cellular response through binding to a shared
cell surface receptor consisting of two transmembrane proteins,
ifnar1 and ifnar2. Differential signal activation by different mem-
bers of the type I IFN family has been suggested by many stud-
ies. We have investigated the interaction and activation of ifnar by
type I IFNs in detail by different techniques using a wide range
of mutations of ifnar2, ifnar1 and IFNα2 in order to elucidate the
biophysical and molecular basis of differential signalling.
Binding assays by solid phase detection and crosslinking studies
with purified extracellular domains ifnar1-EC and ifnar2-EC
revealed a 1:1:1 complex for all IFNs investigated (IFNα2,
IFNα8, IFNα21, IFNβ, IFNω). Very different binding affinities
and rate constants towards ifnar2 and in particular ifnar1 were
observed for different IFNs. Ternary complex formation was
studied with the receptor subunits reconstituted onto supported
lipid bilayers by using simultaneous fluorescence interference
detection. While a 1:1:1 complex stoichiometry was confirmed,
these measurements revealed the importance of receptor surface
concentrations and the ligand affinity towards ifnar1 for the effi-
cacy of ternary complex formation. Competitive binding of dif-
ferent IFNs to ifnar1 was shown by fluorescence measurements.
For all IFNs investigated, the three N-terminal Ig-like domains of
ifnar1-EC on a single polypeptide chain were required for ligand
binding, which was in good agreement to the diffuse binding site
mapped on IFNα2. In contrast, in human cells signal activation
was only observed with the full extracellular domain. Even an
exchange of the membrane-proximal Ig-like domain, which was
not required for ligand binding in lipid bilayers, by the corre-
sponding domains from homologous cytokine receptors com-
pletely abolished signal activation, suggesting that this sub-
domain has a specific function in the assembling of the function-
al complex. These results highlight a particularly untypical func-
tion of the ifnar1 chain among the cytokine receptor family.

127
TWO-STEP ACTIVATION OF IRF-3: ROLE OF PI3
KINASE IN TLR3-MEDIATED SIGNALING BY DSRNA.
Saumendra N. Sarkar, Kristi L. Peters, Christopher P. Elco and
Ganes C. Sen.  Department of Molecular Biology, The Lerner
Research Institute, Cleveland Clinic Foundation, Cleveland, OH
USA.

Immediate innate immune response to virus infection is mediat-
ed by the products of viral stress inducible genes.  For triggering
this response, cells use the Toll-like receptor (TLR) 3, which rec-
ognizes double stranded (ds) RNA, a frequent byproduct of virus
infection.  A critical transcription factor activated by TLR3-sig-
naling is IRF-3, whose activation by Ser/Thr phosphorylation is
accompanied by its dimerization and nuclear translocation.  It has
been reported that the Ser/Thr protein kinase TBK-1 is essential
for TLR3-mediated activation and phosphorylation of IRF-3.
Our own work has shown that tyrosine-phosphorylation of TLR3
is required for signaling, a need not observed for signaling by
other TLRs.  Here we report that dsRNA-activated phosphoryla-
tion of two specific tyrosine residues of TLR3 is essential for ini-

tiating two distinct signaling pathways, mediated respectively by
TBK1 and PI3 kinase, leading to full activation of IRF-3.  When
the PI3 kinase pathway was blocked by chemical inhibitors or
dominant negative mutants of PI3 kinase or Akt, IRF-3 was only
partially activated.  The same outcome was observed in cells
expressing a mutant TLR3 to which PI3 kinase cannot be recruit-
ed.  The partially activated IRF-3 could dimerize and translocate
to the nucleus, but it failed to interact with transcriptional co-
activators and activate expression of target genes.  The biochem-
ical basis of partial activation of IRF-3 was traced to its incom-
plete phosphorylation.  Although both fully and partially activat-
ed IRF-3 were phosphorylated on Ser396, two dimensional gel
analysis indicated that the fully active form had additional phos-
phorylated residues.  Thus our study revealed three novel features
of TLR3-mediated dsRNA signaling to IRF-3:  the need for phos-
phorylation of two specific tyrosine residues of TLR3, the essen-
tial role of PI3 kinase and a two-step activation of IRF-3 by
sequential phosphorylation.

128
THE ROLE OF JANUS KINASES IN CYTOKINE RECEP-
TOR TRAFFIC : TYK2 CATALYTIC ACTIVITY CON-
TRIBUTES TO LIGAND-DEPENDENT DEGRADATION
OF IFNAR1 Marijanovic Z., Ragimbeau J., and Pellegrini S.
Unité de Signalisation des Cytokines, Institut Pasteur, Paris,
France.

The number of functional receptors at the plasma membrane rep-
resents a first means of control of the cell responses to a given
cytokine. Recent studies revealed an active participation of Jaks
in setting the surface level of at least some cytokine receptors, by
acting at the level of receptor processing/maturation or at the
level of plasma membrane retention. The heterodimeric type I
interferon receptor provides one illustration. The two subunits
(IFNAR1 and IFNAR2) perform unique roles and may be differ-
entially regulated in space and time, thus contributing to quanti-
tative differences in binding and signaling outcomes to the vari-
ous IFN subtypes. We previously showed that Tyk2 sustains the
cell surface expression of the IFNAR1 subunit, by reducing its
basal internalization rate. Upon IFN binding to the receptor, Tyk2
and Jak1 are rapidly activated, the receptor chains are internalized
and differently sorted. Here, we asked whether the catalytic activ-
ity of Tyk2 plays any role in ligand-induced IFNAR1 trafficking.
Post-ligand binding events (internalization, degradation, replen-
ishment) involving total and surface IFNAR1 were measured in
three different contexts. We studied : 
- a chimeric EpoR/IFNAR1cyt receptor coupled to either wt or
kinase-inactive Tyk2 (K930R)
- the endogenous IFNAR1 in 293T cells over-expressing either wt
or K930R 
- the endogenous IFNAR1 in Tyk2-deficient cells reconstituted
with either wt or K930R.
Collectively, we found that the internalization of activated
IFNAR1 from the cell surface is independent of Tyk2 kinase
activity. However, degradation of surface IFNAR1 is significant-
ly affected when the receptor is coupled to K930R Tyk2. Thus,
Tyk2 can influence two key steps in the endocytic trafficking of
IFNAR1. First, it reduces the basal endocytosis of IFNAR1 from
the plasma membrane. Second, its catalytic activity is required
for IFNAR1 degradation, most likely by accelerating sorting to
lysosomes and thereby contributing to the establishment of a
refractory state.
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INTERFERON-γγ RESPONSES ARE BLOCKED UNDER
CONDITIONS THAT PREVENT THE ASSEMBLY OF
CLATHRIN COMPLEXES. John A. Lewis, Department of
Anatomy & Cell Biology, SUNY Downstate Medical Center,
Brooklyn, NY, USA.

Association of interferon-γ (IFN-γ) with its cell-surface receptor
triggers activation of the receptor complex leading to phosphory-
lation and activation of Stat1. The details underlying this process
are poorly understood. We have observed that responses to IFN-γ
are inhibited in human (HeLa, A-549) and murine (L-929) cells
exposed to lysosomotropic agents such as NH4Cl and
Chloroquine. Induction of GBP or 2,5 A synthetase mRNAs in L-
929 cells was inhibited by up to 75% by NH4Cl or 50% by
Chloroquine or Bafilomycin A, an inhibitor of the endosomal
H+/ATPase. Inhibition is due to a block of transcriptional activa-
tion as shown by nuclear run-on assays and by use of a luciferase
reporter under the control of an IFN-γ inducible GAS-element.
To analyze further the role of the endocytic pathway in IFN-γ
responses we tested the effect of disassembling clathrin complex-
es in HeLa cells. Depletion of K+ or exposure to hypertonic con-
ditions cause dispersion of clathrin from coated pits. Both these
treatments blocked Stat1 phosphorylation in response to IFN-γ.
Induction of Stat1 phosphorylation by IFN-α or EGF was unaf-
fected, however. To establish whether this effect was due to a
block of coated-pit function we used transient transfection of
HeLa cells with a dominant-negative mutant of Eps15. This pro-
tein plays a central role in the assembly of clathrin into coated-
pits by recruiting the AP-2 accessory factor. Translocation of
Stat1 to the nucleus in response to IFN-γ was blocked in cells
expressing the GFP-Eps15∆95-295 fusion protein. Adjacent cells
that did not express the dominant-negative protein showed nor-
mal nuclear translocation of Stat1. Our results suggest that
assembly of IFN-γ receptor molecules into a clathrin-coated pit is
necessary for activation in HeLa cells.

130
DOWN REGULATION OF TYPE I INTERFERON
RECEPTOR VIA UBIQUITINATION OF IFNAR1: ROLE
OF SCFΒΒ-TRCP E3 UBIQUITIN LIGASE K.G. Suresh
Kumar and Serge Y. Fuchs , Dept. of Animal Biology, University
of Pennsylvania, Philadelphia, PA, USA

Down regulation of cytokine receptors in response to their lig-
ands plays a key role in restricting the extent and duration of the
cytokine signaling. Mechanisms that underlie this down regula-
tion remain largely unknown. We earlier demonstrated that ubiq-
uitination of the IFNAR1 subunit of the Type I interferon (IFN)
receptor mediates the endocytosis of this receptor and IFNAR1
degradation (Suresh Kumar et al., 2003, EMBO J, 22: 5480-90).
We have recently found that IFNAR1 interacts with β-Trcp F-box
proteins in a phosphorylation-dependent manner that requires
integrity of both Ser residues within the DSGXXS destruction
motif. Phosphorylation of IFNAR1 on Ser535, which is essential
for β-Trcp recruitment and IFNAR1 ubiquitination and proteoly-
sis, is promoted by treatment of cells with IFNα. Furthermore,
we identified three key Lys residues within the cytoplasmic tail
of IFNAR1, which are dispensable for the interaction between
IFNAR1 and β-Trcp but essential for ubiquitination and degrada-
tion of IFNAR1. These Lys residues are likely to represent the
sites of ubiquitin conjugation. β-Trcp2 expression and activities
are required for IFNα-stimulated ubiquitination of IFNAR1,

endocytosis of the Type I interferon receptor, down regulation of
IFNAR1 levels, and IFNAR1 proteolysis via lysosomal pathway.
Modulations of β-Trcp activities affects the extent of Stat1 phos-
phorylation and Stat-mediated transcriptional activities.
Furthermore, inhibition of β-Trcp sensitizes human melanoma
cells to anti-proliferative effects of Type I IFN. These findings
characterize SCFβ-Trcp as an E3 ubiquitin ligase that is essential for
ubiquitination and proteolysis of IFNAR1 in response to IFNα-
induced phosphorylation of IFNAR1 on Ser535. These results
also implicate β-Trcp in the regulation of cellular responses to
IFNα. The role of β-Trcp in down regulation of cytokine recep-
tors is likely not to be limited to IFNAR1 because our novel data
also implicated β-Trcp in regulating the rate of turnover of pro-
lactin receptor and the extent of prolactin signaling.

131
NATURAL SOLUBLE IL-15RΑΑ IS GENERATED BY
CLEAVAGE THAT INVOLVES THE TUMOR NECROSIS
FACTOR-ΑΑ-CONVERTING ENZYME Vadim Budagian1,
Elena Bulanova1, Zane Orinska1, Andreas Ludwig2, Stefan Rose-
John2, Paul Saftig2 and Silvia Bulfone-Paus1, 1Department of
Immunology and Cell Biology, Research Center Borstel, Borstel,
Germany, 2Institute of Biochemistry, Christian-Albrechts-
University, Kiel, Germany 

Interleukin-15 receptor alpha  (IL-15Rα) chain is a specific high
affinity receptor that constitutes together with the IL-2 receptor
beta (IL-2Rβ) and the IL-2 receptor gamma (IL-2Rγ/γc) subunits
a trimeric receptor for IL-15. IL-15Rα structurally related to the
IL-2Rα chain and alone is capable of high affinity binding of IL-
15 (Kd~ 10-11M). Both IL-15Rα and IL-15 are expressed by a
variety of tissues and cell types, including
monocytes/macrophages, keratinocytes, muscles, nerve, kidney
and epithelial cells, contributing by this widespread distribution
to the mechanisms of IL-15 pleiotropy. We show here for the first
time that, like many proteins with a single transmembrane
domain, the high affinity chain of the IL-15 receptor exists not
only in membrane-anchored but also in soluble form. Soluble IL-
15Rα (sIL-15Rα) can be detected in mouse serum and cell-con-
ditioned medium using a newly developed ELISA for sIL-15Rα,
and by immunoprecipitation with specific antibodies and
Western blotting. Natural sIL-15Ra has a molecular mass of
about 30 kDa due to the presence of a single N-glycosylation site,
which is reduced to 25 kDa after N-glycosidase treatment.
Transmembrane IL-15Rα is constitutively converted into its sol-
uble form by defined proteolytic cleavage (shedding) that
involves tumor necrosis factor-α-converting enzyme (TACE),
and is further enhanced by stimulation with a potent activator of
protein kinase C phorbol-12-myristate-13-acetate (PMA). The
hydroxamate GW280254X capable of blocking TACE and close-
ly related disintegrin-like metalloproteinase 10 (ADAM10) effec-
tively inhibited both spontaneous and PMA-inducible cleavage of
IL-15Rα, whereas G1254023X that preferentially blocks
ADAM10 was ineffective. Furthermore, overexpression of TACE
but not ADAM10 in COS-7 cells enhanced constitutive and
PMA-inducible cleavage of IL-15Rα. Moreover, mouse fibrob-
lasts deficient in TACE but not ADAM10 expression exhibited a
significant reduction in the spontaneous and inducible IL-15Rα
shedding, whereas a reconstitution of TACE in these cells
restored the release of sIL-15Rα, indicating that sIL-15Rα in
mouse is generated by TACE-mediated proteolysis. The presence
of natural sIL-15Rα in serum and cell-conditioned medium
might be physiologically and/or pathologically relevant and
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implicates complex soluble receptor- ligand interactions in the
biology of IL-15, including its immunomodulatory activities.

132
THE ANTIVIRAL STATE INDUCED BY HUMAN IFN-
BETA LASTS MUCH LONGER THAN THAT INDUCED
BY IFN-ALPHA2. Menachem Rubinstein, Daniela Novick and
Sara Barak. Dept. of Molecular Genetics, The Weizmann Institute
of Science, Rehovot, Israel.

Binding of Type I IFNs to their common cell-surface receptor
induces a practically identical set of genes, which elicit the antivi-
ral state. IFN-alpha2 and IFN-beta have a rather similar specific
activity (2-4x108 IU/mg, respectively). We found that the duration
of the antiviral state induced by IFN-beta was much longer than
that of IFN-alpha2. Human WISH cells were pre-incubated for 2
h with a serial twofold dilution of either IFN, washed extensive-
ly, challenged with vesicular stomatitis virus and the extent of
protection from the viral cytopathic effect was noted at different
time points. We found that the antiviral state induced by IFN-
alpha2 (106 IU/ml) decayed exponentially with a half-life of 4 h
and was undetectable at 70 h. The antiviral state elicited by the
same amount of IFN-beta persisted much longer and a residual
titer of 20,000 EU/ml was recorded even at 140 h. The exponen-
tial decay of IFN-alpha corresponds to a zero order reaction, sug-
gesting a rather simple rate-determining mechanism such as
internalization and degradation. The decay curve of the IFN-beta-
treated cells was very similar to that seen when IFN was not
removed by washing, suggesting that a large proportion of the
input IFN-beta was reversibly absorbed onto non-receptor sites.
Such absorption is in line with the inability to detect circulating
IFN-beta following im or sc administration, despite profound
systemic effects. To test this hypothesis, we used soluble IFNAR2
(sIFNAR2), which corresponds to the ligand-binding component
of the Type I IFN receptor. Addition of sIFNAR2 to IFN-beta-
treated cells immediately before virus challenge accelerated the
decay of the antiviral state, which now exhibited a zero-order
exponential pattern. This observation supports the notion that
IFN-beta is associated with non-receptor sites on the cell surface
and shows that sIFNAR2 facilitates its release from such sites.

133
THE INTERFERON ANTAGONIST NS1 OF INFLUENZA
VIRUS ATTENUATES HUMAN DENDRITIC CELL MAT-
URATION AND FUNCTION. Ana Fernandez-Sesma1, Svetlana
Marukian1, Barbara J. Ebersole2, Man-Seong Park1, Stuart C.
Sealfon2, Adolfo García-Sastre1 and Thomas M. Moran1.
Departments of 1Microbiology and 2Neurobiology. Mount Sinai
School of Medicine. New York, NY. 10029, USA.

Influenza A virus is an important pathogen in humans and it caus-
es worldwide yearly epidemics and occasional pandemics associ-
ated with significant morbidity and mortality.  The NS1 of
influenza A virus has been described by our group as an impor-
tant virulence factor associated with inhibition of type I IFN pro-
duction in infected cells.  Using dendritic cells (DCs) directly iso-
lated from human blood or derived from CD14+ cells we studied
the role of NS1 on DC maturation and initiation of immune
responses. For this purpose, we selected more than 20 genes
either involved in DC maturation, (cytokines, chemokines and
their receptors), or in the type I IFN response, (IRF and IFN
responsive genes), to be analyzed by quantitative real time RT-

PCR (qPCR). Using this technique we have studied the response
of DCs to infection by an influenza virus lacking the NS1 gene as
compared with wild-type influenza virus infection.  Our results
indicate that the NS1 protein not only attenuates IFN production
and expression of IFN-inducible genes in DCs, but it is also
responsible for specific inhibition of expression of several DC
maturation markers that are not induced by IFN (such as
MIP1beta, IL-12p35, IP-10, CCR7).  We have confirmed this
inhibitory effect of NS1 on DC maturation by flow cytometry
methods to detect upregulation of costimulatory molecules, and
ELISA to detect proinflammatory cytokines and chemokines
released by DCs.  Similar results were obtained when the NS1
protein was expressed in the context of a recombinant Newcastle
disease virus.  Finally, we have also found an inhibitory effect by
the NS1 protein in the induction of optimal T cell responses by
virus-infected DCs. Our results then indicate that the NS1 protein
of influenza A virus attenuates DC maturation and APC function,
and this may result in suboptimal induction of adaptive antiviral
immunity after influenza virus infection. 

134
TYPE I INFTERFERON INDUCTION BY RESPIRATORY
VIRUS INFECTION  IN VIVO Nancy Jewell, Negin Gitiban,
Paris Akter, Randall Harris, Sara Mertz, Russell Durbin, Lauren
Bakaletz, and Joan Durbin, Columbus Children’s Research
Institute, Department of Pediatrics, Ohio State University,
Columbus, Ohio, USA.

It is well established that type I interferons (IFN) can be induced
by virus infection of virtually any cell type. Less clear is the rel-
ative contribution of epithelial and immune cells to IFN-
alpha/beta (α/β) production in the course of a virus infection. In
mice and men influenza A virus is known to be a robust inducer
of type I IFN production while respiratory syncytial virus (RSV)
generates a poor IFN response. To better characterize this differ-
ence, we asked whether BALB/c mice infected with varying
doses of influenza or RSV would produce similar IFN levels in
lung and serum. IFN-β was detected in lung homogenates at 24
hours from animals infected with either virus although higher and
more prolonged IFN activity was seen following influenza infec-
tion. In situ hybridization and immunohistochemical studies
demonstrated IFN production by infected respiratory epithelium
in both cases. IFN-β was detected in the serum of influenza
infected mice 24 and 48 hours after inoculation, but no serum
IFN activity was found at any time point in RSV infected ani-
mals. This was true even at the highest achievable RSV dose. To
determine whether this reflected the ability of dendritic cells to
produce type I IFN following exposure to these two viral
pathogens, cultures containing both myeloid and plasmacytoid
dendritic cells (DC) subsets were infected and secreted IFNs were
assayed 24 hours later. Duplicate experiments showed six-fold
more IFN was produced by influenza versus RSV exposed DCs,
but in each case the IFN produced was an equal mixture of α and
β IFNs.  The relative lack of IFN-α (~5% of total) detected in
vivo suggests that cell types other than those represented in our
DC cultures are primarily responsible for type I IFN production,
and our data points to infected epithelium as the major source.

135
CHARACTERIZATION OF PLASMACYTOID DENDRIT-
IC CELLS FROM MURINE PEYER’S PATCHES Nikhat
Contractor1, Jennifer Louten2, Christine Biron2, and Brian
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Kelsall1, 1Laboratory of Clinical Infectious Diseases, National
Institute of Allergy and Infectious Disease, National Institutes of
Health, Bethesda, MD, USA and 2Department of Molecular
Microbiology and Immunology, Brown University, Providence,
RI, USA.

Plasmacytoid dendritc cells (pDC) are characterized by their pro-
duction of high levels of type-1 interferons (IFNs) upon viral
stimulation, followed by differentiation into fully immunostimu-
latory DC. They may also be important as a source of factors
(including type 1 IFNs) that result in the differentiation of other
resident DC subsets.  Thus, pDCs are thought to provide an
important link between innate and adaptive immune responses.
In this study  pDCs from murine Peyer’s patches (PP), which are
sites in the GALT specialized for the induction of immune
responses, were characterized. pDC were localized to the subep-
ithelial dome (SED) and interfollicular regions (IFR) of PPs by
immunofluorescence staining.  PP pDCs were shown to express
Ly6G/C (Gr1), B220 and intermediate levels of CD11c by flow
cytometric analysis. In addition, discrete CD8alpha+ and
CD8alpha- populations of pDC were identified, both of which
expressed equivalent, low levels of MHC antigens and costimu-
latory molecules.  Freshly isolated, FACS purified PP pDC had a
plasmacytoid morphology and upon in vitro stimulation with
CpG DNA or influenza virus PR8 produced high levels of IL-
12p40.  Interestingly, however, PP pDC, produced no detectable
IFNalpha by ELISA, and little to no type 1 IFN by bioassay, in
contrast to spleen pDCs, which readily produce type 1 IFNs.
These studies demonstrate that pDCs are present in the PP in sites
where they can readily interact with other DCs and T cells, but
that PPpDC are functionally distinct from pDCs at peripheral
sites.  The consequences of the lack of type 1 IFN production by
PP pDCs is currently under investigation.  However, it is possible
that the lack of production of immunostimulatory type 1 IFN by
pDCs may, under certain conditions, contribute to a tolerogenic
environment in the PP.

136
EXAMINATION OF THE MECHANISM BY WHICH
WEST NILE VIRUS DELAYS THE ACTIVATION OF THE
HOST ANTIVIRAL RESPONSE. Brenda L. Fredericksen &
Michael Gale Jr., Department of Microbiology, University of
Texas Southwestern Medical Center, Dallas, TX 75390

Recent outbreaks of West Nile virus (WNV) have been associat-
ed with a dramatic increase in both the incidence and severity of
human disease.  The molecular mechanism for the increase in the
pathogenesis of WNV are likely to include novel viral-host inter-
actions that allow the virus to overcome or evade the host innate
and/or adaptive immune response.  Analysis of the host response
to WNV demonstrated that the expression of several antiviral
genes, including interferon β, did not occur until late in infection
and after peak viral production.  The delayed induction of the host
antiviral response was due the lack of activation of interferon
regulatory factor 3 (IRF-3), a transcription factor central to the
establishment of the host antiviral state.  WNV-induced activation
of IRF-3 was not detected until 20 hr post-infection and peak lev-
els of activation did not occur until 24 to 30 hr post-infection.  In
contrast, IRF-3 has been shown to respond to a broad range of
viruses with the kinetics of activation occurring between 2 to 6 hr
post-infection.  The possibility that WNV actively blocks IRF-3
activation at early times post-infection was examined by co-
infecting cultures with WNV and vesicular stomatitis virus

(VSV), a virus known to rapidly induce IRF-3.  Dual infection of
cells with WNV and VSV resulted in the induction of the IRF-3
pathway by 3 hr post-infection, demonstrating that WNV does
not block IRF-3 activation.  These results suggest that the delayed
activation of IRF-3 was due to the accumulation of threshold lev-
els of WNV specific proteins and/or viral RNA required for stim-
ulating the IRF-3 pathway.  Alternatively, WNV may sequester
the viral stimulus or actively prevent IRF-3 phosphorylation to
preclude IRF-3 activation until late in infection.  Experiments are
underway to identify the viral agonist of the IRF-3 pathway and
further define the mechanism by which WNV avoids IRF-3
induction.

137
IRF-4 AND IRF-8 REGULATE DENDRITIC CELL SUB-
SET DEVELOPMENT AND THEIR FUNCTIONAL
DIVERSITY Tomohiko Tamura1, Prafullakumar Tailor1, Hee
Jeong Kong1, Hideki Tsujimura1, Harinder Singh2 and Keiko
Ozato1, 1Lab. of Molecular Growth Regulation, NICHD, NIH,
Bethesda, MD, USA, 2Howard Hughes Medical Institute and
Dept. of Molecular Genetics and Cell Biology, Univ. of Chicago,
Chicago, IL, USA

Dendritic cells (DCs) are antigen presenting cells that are central
to innate and adaptive immunity. DCs are composed of multiple
subsets that govern different functions. In the mouse spleen, the
conventional DCs can be subdivided into three subsets, CD4(+),
CD8alpha(+), and CD4(-)CD8alpha(-) DCs in a 2:1:1 ratio. In
addition, plasmacytoid DCs (PDCs), the major type I IFN pro-
ducing cells, were recently identified. The developmental pro-
gram for these DC subsets, however, is poorly understood. In this
study, we investigated the role of closely related transcription fac-
tors, IRF-4 and IRF-8/ICSBP, in the development of DCs by ana-
lyzing IRF-4-/-, IRF-8-/-, and IRF-4-/-IRF-8-/- (double knock-
out, DKO) mice. We found that IRF-4, but not IRF-8, is essential
for the development of CD4(+) DCs. On the other hand, IRF-8
was required for the generation of CD8alpha(+) DCs, as we pre-
viously reported. The full development of CD4(-)CD8alpha(-)
DCs required at least one of the two IRFs. IRF-8 and to a lesser
degree IRF-4 contributed to PDC development. Consistent with
these findings, IRF-4 but not IRF-8 was expressed in CD4(+)
DCs, while only IRF-8 was expressed in CD8alpha(+) DCs.
PDCs and CD4(-)CD8alpha(-) DCs expressed both IRFs. Also,
we found that GM-CSF-mediated in vitro DC differentiation
from bone marrow cells depends on IRF-4, while Flt3 ligand-
mediated DC differentiation depends mainly on IRF-8.
Furthermore, by introducing IRF-4/8 into DKO bone marrow
progenitor cells and allowing them to differentiate into DCs in
vitro, we demonstrate that each IRF has specific activities to
induce subset-specific genes while they also possess a common
activity to induce genes shared by the subsets. Notably, only IRF-
8 but not IRF-4 conferred abilities to produce IL-12p40 and
IFNalpha. These results indicate that IRF-4/8 are essential com-
ponents of DC development, providing a new framework for
understanding the molecular basis of DC subset development and
their functional diversity. 

138
IFNα,β COOPERATES WITH FLT3L AND PLASMACY-
TOID PRE-DENDRITIC CELLS DURING HERPES SIM-
PLEX VIRUS TYPE 1 INFECTION IN NEONATAL MICE
Sabine Vollstedt1, Bettina Glanzmann1, Beat Ryf1, Vicky Meier1,
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Mark Suter1, 1Institute for Virology, University of Zurich, Zurich,
Switzerland

The cooperation between IFNα,β, Flt3L (FL) and dendritic cells
(DC), especially plasmacytoid pre-DC (pDC) play an important
role in the defence against Herpes simplex virus type 1 (HSV-1)
in neonatal mice. Treatment of neonatal mice with recombinant
(r) IFNa has a short-term, FL-independent and a long-term, FL-
dependent effect on the resistance against HSV-1. r IFNα treated
6-day-old C57BL/6 or FL-gene deleted (-/-) C57BL/6 mice resist
infection with HSV-1 at day 7. r IFNα treatment of C57BL/6
mice at birth induces FL within 6 hours associated with an
increase of pDC and protection against HSV-1 at day 7. In con-
trast, IFNα treatment of FL-/- C57BL/6 has no protective effect.
rFL treatment of mice without functional IFNα,β induces a dif-
ferent set of pDC than in C57BL/6 mice. Therefore, IFNα,β
induced by viral infection may cause a FL-dependent, short-term
control of viral replication, whereas for the long-term effect
IFNα,β is required for the induction of FL and pDC.

139
THE ANTIVIRAL ACTIVITY OF TBK1 AND IKKΕΕ IN
HCV INFECTION Adrien Breiman1, Nathalie Grandvaux2,
Rongtuan Lin2, Catherine Ottone1, Lydiane Pichard3, Pierre
Charneau4, Patrick Maurel3, Shizuo Akira5, John Hiscott2, Eliane
F.Meurs1, 1Unité Hépacivirus, Institut Pasteur,Paris,France;
2Lady Davis Institute for Medical Research, Montreal, Canada;
3INSERM-U632, Montpellier,France; 4Laboratoire Virologie
Moléculaire et Vectorologie, Institut Pasteur,Paris, France;
5Department of Host Defense, Research Institute for Microbial
Diseases, Osaka University, Osaka, Japan

Interferon (IFN) is one important effector of the innate immune
response, induced after interaction of cells with different viral or
bacterial components through Toll-Like Receptors (TLR). In all
cases, the primary phase of IFN induction depends on the activa-
tion of the IKKε and TBK1 kinases and phosphorylation of the
transcription factor IRF3. Infection with Hepatitis C virus (HCV)
interferes with the innate immune response and recently, the
HCV NS3/4A protease activity was found to inhibit IRF-3 phos-
phorylation and IFN induction. In the present study, we demon-
strate that NS3/4A inhibited the induction of the IFNβ promoter
after Sendai virus (SeV) infection, either in 293T cells or in a
Huh7 clone expressing a full length HCV replicon. NS3/4A did
not directly inhibit the ability of IKKε nor TBK1 to phosphory-
late IRF3 or transactivate the IFNβ promoter, but rather directly
inhibited the IFN inducing ability of the TLR adapter
protein,TRIF/TICAM1. However, SeV infection of TRIF-/-
MEFs also revealed the existence of a TRIF-independent IFN-
inducing pathway; IFN induction in TRIF-/- MEFs was inhibited
by 50% in the presence of NS3/4A, indicating that HCV can
interrupt IFN induction through TRIF-dependent and independ-
ent pathways. In the HCV replicon cell line, IFN induction was
restored by IKKε, TRIF, TBK1 or TRAF6 expression, with IKKε
displaying the highest efficiency in restoring  IFN induction.
Expression of endogenous IKKε mRNA was induced upon SeV
infection and this induction was not inhibited by the presence of
the HCV replicon. Importantly, IKKε overexpression results in
restoration of IFN induction in presence of the HCV replicon,
indicating that IKKε could  be exploited to enhance the antiviral
immune response against HCV infection.

140
IRF-1 IS A CRITICAL FACTOR IN THE CONTROL OF
TOLEROGENIC IMMUNE FUNCTIONS, AFFECTING
THE DEVELOPMENT OF TOLEROGENIC  DENDRITIC
CELLS AND CD4+CD25+ REGULATORY T CELLS Lucia
Gabriele1, Alessandra Fragale2, Paola Borghi1, Paola Sestili1, Emilia
Stellacci2, Massimo Venditti1, Filippo Belardelli1, and Angela
Battistini2, 1Department of Cell Biology and Neuroscience,
2Department of Infectious, Parasitic and Immunomediated Diseases,
Istituto Superiore di Sanità, Rome, Italy

The induction of tolerance is crucial for the maintenance of
immune homeostasis and for the control of many diseases such as
autoimmune pathologies, organ transplantations and
immunotherapy of cancer. Here we report that the deficiency of
IRF-1, a transcription factor belonging to the IRF family, skews
the immune system of mice toward tolerogenic-polarized pheno-
type. We found that the entire dendritic cells (DC) compartment
of IRF-1 deficient-mice (IRF-1-/-) exhibited an immature pheno-
type and defective functions driving T helper responses. In par-
ticular the CD8alpha+ DCs were found less represented and, as
CD8alpha- cells, expressed lower levels of activation markers
(CD80, CD86, CD40, MHC-II). Accordingly, IRF-1-/—DCs
expressed low levels of IL-12p40, Il-15, TNF-a and IFN-g .
Intriguingly, IRF-1-/- mice displayed significantly increased num-
ber of CD11clow plasmacytoid cells, which showed tolerogenic
features. The plasmacytoid subset CD11clowB220+CD45RAhigh

were, in fact, greatly augmented as well as the recently described
tolerogenic CD11clowB220-CD45RBhigh subset. 
As crucial part of the tolerogenic-polarized immune system of
IRF-1-/- mice, we eventually found increased numbers of
CD4+CD25+ Treg in all the lymphoid organs. Strikingly, the
cytokine analysis revealed a strong expression of IL-10 and IL-4
in IRF-1-/- T regulatory cells with respect to the CD4+CD25- T
responder cells of same knock-out mice and to the wild-type
counterpart. Moreover, TCR-challenged CD4+CD25- naïve T
cells from the knockout mice showed extremely high bent to tran-
sit toward a regulatory T cell phenotype when treated with TGF-
b. 
Taken together these data highlight IRF-1 as a critical factor in
the development of tolerogenic functions and shed light on the
basic mechanisms controlling immune tolerance bringing impli-
cations for the identification of novel strategies for therapeutic
vaccines.

141
MONOCYTE-DERIVED DENDRITIC CELLS GENERAT-
ED WITH IFN-ΑΑ: MOLECULAR SIGNATURE AND
ADVANTAGES FOR THEIR USE IN THE DEVELOP-
MENT OF THERAPEUTIC VACCINES. Stefania Parlato,
Paolo Sirabella, Lucia Gabriele, Irene Canini, Caterina Lapenta,
Stefano M. Santini, Filippo Belardelli Department of Cell
Biology and Neurosciences, Istituto Superiore di Sanità, Rome,
Italy

We previously reported that the addition of IFN-α to freshly iso-
lated GM-CSF-treated monocytes results in the rapid generation
of highly active dendritic cells (DCs) endowed with migration
capabilities and inducing a remarkable humoral and cellular Th-
1 type of immune response to selected antigens in vitro as well as
in SCID mice reconstituted with human PBL (Hu-PBL-SCID
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mice) (J. Exp. Med. 191:1777, 2000; Blood 98:3022, 2001; J.
Exp. Med. 198: 361, 2003). We have now used the DNA microar-
ray technology to get more insights on the molecular mechanisms
activated by IFN-α during the DC activation/differentiation
process and performed further functional studies on IFN-DCs.
We have assessed the gene expression profiles in IFN-DCs com-
pared to monocytes treated with GM-CSF alone and to DCs gen-
erated with GM-CSF and IL-4 by using Affymetrix GeneChip
microarray covering about 22,000 genes. A 3-day IFN-α treat-
ment of human monocytes induced a significant modulation of
127 significant genes; in particular, 54 significant genes were up-
regulated, while 73 genes were down-regulated with respect to
the controls. We observed a strong induction of the best charac-
terized IFN-inducible genes and of transcription factor genes
belonging to the IRF family; of interest IFN-DCs showed an
over-expression of genes involved in immunological pathways,
such as signal transducer activity, antigen processing and presen-
tation, cytokine and chemokine activity. On the contrary, the IL-
4 treatment mainly induced genes related to metabolic pathways.
Consistently with their gene expression profile, IFN-DCs pulsed
with a reference immunogen (i.e., inactivated HIV-1) induced a
potent specific CD8+ T cell response in vitro and in hu-PBL-
SCID mice, showing a marked cross-presentation activity. On the
whole, our results indicate that IFN-DCs are characterized by a
gene expression profile and functional activities typical of high-
ly activated mature DCs and suggest the advantage of their use in
preparing DC-based therapeutic vaccines.

142
ROLE OF TYPE I INTERFERONS IN THE INITIATION
OF AN IMMUNE RESPONSE Graham R Foster1, Conrad
Germain2, Meleri Jones1, Linda Hibbert1, Federica Marelli2,
Robert I Lechler2 and Giovanna Lombardi2, 1Hepatobiliary
Group, Centre for Adult and Paediatric Gastroenterology,
Institute of Cell and Molecular Science, Queen Mary’s School of
Medicine and Dentistry, Barts and The London, London, UK,
2Dept. of Immunology, Division of Medicine, Faculty of Medicine,
Imperial College at Hammersmith Hospital, London, UK

We have established an in vitro model to study the factors
involved in the initiation of the human immune response. The
model involves co-culture of human, monocyte derived dendritic
cells (DC) with stimulated naïve T cells followed by assessment
of the phenotype of the activated T cells. We find that:-
1 – A small subset of IFN alfa subtypes are produced after 18
hours.
2 – The induced subtypes (assessed by RT-PCR with subtype spe-
cific primers) include IFNalfa 10 and 8 which are potent induc-
ers of Th1 cells.
3 – The interaction between DC and naïve T cells leads to the
generation of Th1 T cells
4 – Paradoxically inhibition of type I IFN activity during the
DC/T cell interaction leads to an increase in Th1 activity and this
phenomenon is more marked in some individuals.
5 – Studies on the mechanism of the inhibitory effects of the dif-
ferent IFN alfa subtypes suggests that the type I IFNs produced
during the DC/T cell interactions inhibit the production of IL-12
from the DC
These data lead to a model in which the interaction between DC
and T cells induces type 1 IFNs that activate the T cells and acti-
vate a negative feedback loop that inhibits further activation by
inhibiting IL-12 release. Experiments to confirm this hypothesis
are under way.

143
INTERFERON-GAMMA IS NOT NECESSARY FOR
BORNA DISEASE VIRUS-INDUCED IMMUNOPATHOL-
OGY BUT REQUIRED FOR ANTIVIRAL DEFENCE BY
CD8 T CELLS Juergen Hausmann1, Karin Engelhardt1, Karen
Baur1, Axel Pagenstecher2, and Peter Staeheli1, 1Department of
Virology and 2Department of Neuropathology, University of
Freiburg, Germany

Mouse-adapted variants of the highly neurotropic, non-cytolytic
Borna disease virus (BDV) cause meningoencephalitis and fatal
neurological disease in MRL mice. Disease is mediated by CD8
T cells recognizing the immunodominant epitope TELEISSI in
the N protein of BDV. N-specific immune priming of wild-type
mice by a prime-boost protocol conferred CD8 T cell-dependent
protection against BDV infection and disease. Interestingly,
immune priming efficiently protected perforin-deficient mice
against infection with BDV, whereas no protection was seen in
interferon-gamma-deficient (GKO) mice. Moreover, adult GKO
mice were highly susceptible to BDV infection, whereas adult
wild-type mice were resistant. Kinetic analysis of adult mice
showed that BDV was able to establish an initial infection which
was subsequently cleared in wild-type but not GKO mice. We fur-
ther observed that more than 70% of brains from infected GKO
but not from wild-type mice showed T cell-dependent severe neu-
ronal damage in the hippocampus, suggesting a neuroprotective
role of interferon-gamma during BDV-induced meningoen-
cephalitis. Neuronal damage in brains of diseased GKO mice was
accompanied by increased expression of IL-13 and of the
chemokines CCL1 and CCL11, which apparently induced a mas-
sive influx of eosinophilic granulocytes into the infected tissue.
Our data indicate that BDV-specific CD8 T cells require interfer-
on-gamma for mediating antiviral defence but not for inducing
neurological disease, suggesting that two distinct effector mech-
anisms are at work. Moreover, interferon-gamma appears to be
neuroprotective in BDV-induced central nervous system
immunopathology.

144
DECREASED IL-12 AND IL-15 PRODUCTION AND
IMPAIRED IL-12 INDUCED T-HELPER RESPONSES IN
HIV-1 INFECTED INDIVIDUALS. Vainav Patel1, Antonio
Valentin1, George N. Pavlakis1. 1Human Retrovirus Section, National
Cancer Institute-Frederick, MD, USA

Decreased plasma levels of both IL-12 and IL-15 have been
described in HIV-1 infected individuals, suggesting that the
defective cellular immunity present in HIV infection may be the
result of cytokine deprivation.
To analyze responses mediated by IL-12 and IL-15 in vitro,
PBMC from healthy donors and HIV-1 patients were cultured in
the presence of either IL-12, IL-15, anti IL-12 or anti-IL-15 neu-
tralizing antibodies. Changes in cellular subsets were monitored
by immune staining followed by multi-parameter flow cytometry.
Proliferative responses and cell death were monitored by CFSE
staining and Propidium Iodide uptake, respectively. 
We show that IL-12 treatment of PBMC from controls induces
expansion of NK-T (CD3+ CD56+) and CD4+ T lymphocytes,
and reduction in the frequency of NK cells (CD3- CD56+), sec-
ondary to increased cell death and CD56 down regulation.  In
contrast, IL-12 treatment of PBMC samples from HIV-1 patients
did not result in expansion of CD4+ T cells, and IFN-g produc-
tion by T cells was reduced compared to controls.
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IL-15 treatment resulted in expansion of T lymphocytes and NK
cells in both controls and HIV-1 infected individuals, but, in con-
trast to IL-12, the T cell expansion is the result of increased pro-
liferation among CD8+ T cells leading to a decreased CD4/CD8
ratio. Treatment with anti-IL-15 neutralizing antibody demon-
strated a selective defect in IL-15 production by PBMC from
HIV-1 patients. 
Our results support the notion of impairment in IL-12 induced T
helper responses in HIV-1 infected individuals.  This impairment
is not compensated by the addition of exogenous IL-12 and may
contribute to the defects of cellular immunity in AIDS patients.
Production of IL-15 is severely decreased in PBMC from
patients, but, in contrast to IL-12, IL-15-induced responses are
preserved in PBMC from HIV-1 patients suggesting that IL-15
could be useful in the treatment of AIDS.

145
ENHANCING CTL RESPONSES TO WHOLE CANCER
CELL VACCINES IN VIVO: SYNERGISTIC INCREASES
OBTAINED USING IFNΓΓ PRIMED AND IFNΒΒ  TREATED
B7-1+ CELLS. Shala Dezfouli, Irene Hatzinisiriou, Pauline Low
and Stephen J. Ralph. School of Health Science, Griffith
University, Gold Coast, Southport, Queensland, Australia.

Whole cell derived cancer vaccines are currently being developed
worldwide and are showing efficacy in clinical trials (1).
Sequentially treating human cancer cells by priming with IFNγ
before adding IFNβ was previously found to be the most efficient
protocol for producing concurrently increased expression of the
three surface antigens B7-1, ICAM-1 and HLA Class I (2). We
have tested applying the same sequential IFN based protocol to
the murine B16-F10 melanoma as well as to the FVBN202
murine model of spontaneous breast cancer in pre-clinical stud-
ies. Thus, treating B16-F10 cells or a highly expressing B7-1
transfected subline (B16-F10/B7-1hi) by priming with IFNγ for
24h before adding IFNβ for a further 48h (IFNγ72/β48) increased
expression of all three surface antigens, particularly MHC class I
whose increased expression was sustained for several days. As a
whole tumour cell vaccine, IFNγ72/β48 treated cells produced
greater levels of CTL response compared to vaccines prepared
from cells treated with a single type of IFN. Furthermore, cells
expressing high levels of B7-1 and treated using the IFNγ72/β48
protocol (IFNγ72/β48-treated B16-F10/B7-1hi) produced sub-
stantially increased CTL responses above the combined results of
either IFN treated or B7-1 expressing cells tested individually.
The majority of mice receiving the IFNγ72/β48-treated
melanoma vaccine in vivo remained tumour free after challenge
with 5 x 105 live B16-F10 melanoma cells expressing intermedi-
ate B7-1 levels (3). The novel strategy described will help
enhance vaccine potency when applied clinically to prepare
whole cell based cancer vaccine therapies. 
1) Dezfouli, S., Hatzinisiriou, I., Ralph, S.J.  Use of cytokines in
cancer vaccines/immunotherapy: recent developments provide
improved survival rates for patients with metastatic malignancy.
Curr. Pharm. Des. (2004).
2) Wong, L.H., Hatzinisiriou, I., Devenish, R.J. and Ralph, S.J.
Interferon-gamma-priming up-regulates ISGF3 components,
augmenting responsiveness of IFN-resistant melanoma cells to
type I interferons. J.Immunol. 160, 5475-5484 (1998).
3) Dezfouli S, Hatzinisiriou I, Ralph SJ. Enhancing CTL responses
to melanoma cell vaccines in vivo: synergistic increases obtained
using IFNgamma primed and IFNbeta treated B7-1+ B16-F10
melanoma cells. Immunol. Cell. Biol. 81, 459-471 (2003).  

146
REGULATION OF TYPE 1 INTERFERONS EFFECTS ON
CD8 T CELL RESPONSES DURING VIRAL INFECTION.
M. Pilar Gil, Rachelle Salomon and Christine A. Biron.
Department of Molecular Microbiology and Immunology,
Division of Biology and Medicine, Brown University, Providence,
Rhode Island, USA, 02912.

Type 1 interferons (IFNα and IFNβ) play critical roles in innate
defense against viruses. They also have potent immunoregulato-
ry effects. Studies from our laboratory have suggested that
dynamic modulation of total STAT1 protein is a natural mecha-
nism for shaping downstream subset responses to these
cytokines. The hypothesis being tested is that early induction of
elevated STAT1 promotes access to antiviral target effects where-
as later reduction allows signaling through alternative molecules,
including STAT4, to promote different responses. A mechanism
sparing high induction of STAT1 in antigen specific CD8 T cells
could act to promote their IFNγ induction and limit inhibition of
their cell proliferation by type 1 IFNs.  Studies are being carried
out evaluating the type 1 IFN effects for gene expression in, and
proliferation of,  CD8 T cell populations isolated at different
times following infections of mice with lymphocytic chori-
omeningitis virus (LCMV), and examining the regulation of
STAT1 protein levels in these T cell subsets.  The results shown
that STAT1 levels are modulated, and IFNα exposure elicits dif-
ferential responses in CD8 T cells prepared from uninfected, day
5-infected or day 8-infected mice.  Ongoing experiments are
defining the roles for STAT1 and STAT4 for these effects.  The
picture emerging is one whereby the host directs the conse-
quences of IFN exposure by modifying access to intracellular sig-
naling pathways.

147
THE INTERFERON-INDUCED GTPASE, MGBP-2,
DOWNREGULATES MATRIX METALLOPROTEINASE-9
EXPRESSION. Sujata Balasubramanian, Jill A. Trendel, and
Deborah J. Vestal.  Department of Biological Sciences, University
of Toledo, Toledo, OH, USA.

Among the possible consequences of cellular exposure to inter-
ferons (IFNs) are alterations in how a cell interacts with its extra-
cellular environment.  IFNs can facilitate these changes by the
induction or repression of a variety of gene products.  For exam-
ple, IFNs have been shown to inhibit the production of at least 3
matrix metalloproteinases, MMP-1, MMP-2, and MMP-9.  The
lack of IFN-responsive elements in the promoters of these genes
has suggested that their inhibition is indirect and mediated by
other IFN-responsive genes.  IFN-∂ treatment of NIH 3T3 cells
retards their ability to spread on fibronectin.  This inhibition is
accompanied by reduced expression of MMP-9.   Ectopic expres-
sion of the IFN-induced GTPase, mGBP-2, is sufficient to mimic
this inhibition of cell spreading. The observation that a mutant
version of mGBP-2 containing a single amino acid substitution in
the GTP binding domain (S52N) can function as a dominant
inhibitor of mGBP-2 and block IFN-∂-mediated reduction of cell
spreading shows that mGBP-2 is necessary for IFN-∂ inhibition
of cell spreading.  mGBP-2 expression is also sufficient to down-
regulate MMP-9 expression in these cells.  That mGBP-2-
induced reduction in MMP-9 is responsible for the inhibition of
cell spreading on fibronectin is demonstrated by the ability of the
restoration of MMP-9 by ectopic expression to rescue the cell
spreading defect.  We have demonstrated a mechanism for 

46 INTERNATIONAL CYTOKINE SOCIETY



IFN-∂-mediated changes in cell interaction with fibronectin that
begins with the transcriptional induction of mGBP-2 and pro-
ceeds through the mGBP-2-mediated inhibition of MMP-9
expression.  Work is currently underway to identify the mecha-
nism(s) by which mGBP-2 inhibits MMP-9 expression.

148
MECHANISMS OF INTERFERON REGULATORY FAC-
TOR-1 DEREGULATION IN RAS-TRANSFORMED
MOUSE FIBROBLASTS. Frank A. Attard, Tze-Jou Annie Yeh,
Sara Contente, Dorothy L. Buchhagen, Robert M. Friedman,
Department of Pathology, Uniformed Services University of the
Health Sciences, Bethesda, MD.

Deregulated expression of interferon regulatory factor (IRF)-1
protein occurs in ras-transformed fibroblasts. This study investi-
gates possible mechanisms of this deregulation. Treatment of
mouse fibroblasts with the proteasome inhibitor MG132 (10 µM)
shows no effect on the constitutive IRF-1 protein levels in ras-
transformed cells (RS485), but significantly increases them in
non-transformed cells (NIH3T3) 4 hrs after serum stimulation of
synchronized cultures. Because IRF-1 protein levels are normal-
ly minimal at 4 hrs post serum stimulation, the cyclic expression
of IRF-1 in NIH3T3 must be due, at least in part, to proteasome
activity. NIH3T3 and RS485 cells treated with cycloheximide
with or without MG132 were analyzed by immunoblot. Cultures
were harvested at 0, 30, 60, and 120 min after cycloheximide
addition. Both non-transformed and ras-transformed cells show a
similar and rapid decrease in IRF-1 levels with the cycloheximide
alone; however, this IRF-1 decay is diminished in both cell types
by simultaneous addition of cycloheximide and MG132.
Therefore, a defect in proteasome activity seems unlikely in
either cell line. Northern blot analyses of NIH3T3 and RS485
show that IRF-1 message is cyclic in the non-transformed cells,
but constitutively present in the ras-transformants, mirroring the
protein expression pattern. In addition to the major IRF-1 mes-
sage, RS485 cells also contain lesser amounts of a slightly larger
and slightly smaller mRNA species; these variant messages are
undetected in NIH3T3 cells. Calculations of IRF-1 mRNA half-
lives, normalized to actin, were made by densitometry of multi-
ple northern blots of NIH3T3 and RS485 cells treated with the
transcription inhibitor Actinomycin D at varying time-points post
serum stimulation.  Although, the half-life of mRNA from ras-
transformed fibroblasts is slightly longer than that of the untrans-
formed cells, the increase seems unlikely to account for the pro-
tein over-expression. Therefore, IRF-1 deregulation in RS485
cells occurs at the transcriptional level.

149
IRF-1 BINDS THE ENHANCER REGION OF THE HIV-1
LTR AND COOPERATES WITH NF-KB IN INDUCING
LTR TRANSCRIPTION Anna L. Remoli, Giulia Marsili, Marco
Sgarbanti, Alessandra Borsetti, Barbara Ridolfi, Edvige Perrotti,
Ramona Ilari, Roberto Orsatti, Emilia Stellacci, Barbara Ensoli and
Angela Battistini, Department of Infectious, Parasitic and
Immunomediated Diseases, Istituto Superiore di Sanità, Rome, Italy

Human immunodeficiency virus type 1 (HIV-1) gene expression
is regulated by a complex interplay between both viral and host
factors. In this regard the enhancer region contains two adjacent

high-affinity kB binding sites for the cellular transcription factor
NF-kB. The NF-kB binding sites as well as NF-kB proteins are
critical for LTR promoter activity and important for optimal HIV-
1 replication. Similarly, sequence elements downstream initiation
of transcription, containing binding sites for transcription factors
of the IRF family are required for efficient viral gene transcrip-
tion. We previously showed that IRF-1 is able to stimulate LTR
transcription even in the absence of the viral trans-activator Tat
and to cooperate with Tat in inducing LTR transcription. Here we
show that the IRF-1 effect on LTR trans-activation is not entirely
mediated by the binding to its consensus sequences, in that IRF-
1 was able to stimulate transcription of LTR constructs lacking
the downstream IRF-binding sites. This effect was mediated by
the binding of IRF-1 to the adjacent kB binding sites. Pull down
experiments, using these sequences, indicate that IRF-1 and
NFkB interact and coimmunoprecipitate while binding to DNA.
Physical interaction between IRF-1 and NF-kB results in stimu-
lation of LTR transcription in an additive fashion. We conclude
that IRF-1 stimulates HIV-1 LTR transcription both directly
trough the binding to its consensus sequences and in cooperation
with NF-kB. These data strength the role of IRF-1 in HIV-1 repli-
cation both in the early phase of viral replication and/or during
reactivation from latency when viral trans-activators are absent or
present at very low levels. 

150
NOVEL POSITIVE AND NEGATIVE REGULATORY ELE-
MENTS IN THE HUMAN STAT1 GENE. Samuel J. Cutler,
Ibtisam Ghazawi, Albert S. Mellick, Stephen J. Ralph, School of
Health Sciences, Griffith University, Gold Coast, Queensland,
Australia.

Signal Transducer and Activator of Transcription 1 (STAT1) is a
central molecule in the signaling pathways of both type I and II
interferons.  STAT1 mediates antitumor effects of interferon, as a
component of various transcription factor complexes, by induc-
ing the expression of diverse antiproliferative and pro-apoptotic
molecules, as well as playing a key role in immune surveillance
mechanisms of tumor elimination.  We have previously shown
that responsiveness to the antitumor effects of type I interferon in
various human melanoma cell lines correlates with expression
levels of the interferon-stimulated gene factor 3 (ISGF3) compo-
nents, in particular STAT1.  We have previously characterised an
enhancer region of the STAT1 gene located between the first two
(untranslated) exons, which contains a novel interferon regulato-
ry factor-1 (IRF-1) binding element.  In this study we have iso-
lated a putative interferon stimulatory response element (ISRE)
in the human STAT1 gene promoter 5’ of the first exon.  Using
luciferase reporter analysis, we have shown this element to be
transcriptionally activated by type I interferons.  The presence of
a functional ISRE in the STAT1 gene promoter would suggest the
existence of a direct positive feedback loop whereby activated
ISGF3, produced by type I interferon binding to its cell surface
receptor, has the potential to initiate further expression of one of
its components.  Interferon resistance in melanoma cell lines with
low STAT1 expression could then be interpreted by the inability
to form sufficient ISGF3 to bind the STAT1 promoter and ampli-
fy STAT1 expression.  We have also identified a novel element
conferring strong constitutive repression of the STAT1 gene.  The
existence of this repressor site downstream of the previously
mentioned activators suggests a mechanism for tightly regulating
interferon-inducible expression of the STAT1 gene.
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INTERLEUKIN 10 AND ITS FUNCTIONAL DOMAIN
IT9302 REGULATE GENE EXPRESSION IN MALIG-
NANT AND HIGH METASTATIC MELANOMA CELLS.
Borbala Gesser1, Mogens Kruhøffer2, Friedrik P. Wikman2,
Torben F. Ørntoft2, Christian G Larsen1, 1Dept. of Dermatology,
Aarhus Amtssygehus, Aarhus DK-8000, 2Molecular Diagnostic
Laboratory, Dept. of Clinical Biochemistry, Aarhus University
Hospital, DK-8200 Skejby, Aarhus, Denmark.

Our recent results show that the C-terminal part of IL-10, IT9302
directly stimulates hepato-cellular carcinoma cells, HepG2 (p53
wild type) to regulate p53 protein and IL-8 production which
results in apoptosis (Gesser et a., 2004). We wanted here to study
the effect of IL-10 and IT9302 on metastatic melanoma cells
A2058 compared with melanoma cells A375. Melanoma cells
were cultured in DMEM with 10 % FCS and stimulated with 5
µg/ml of hIL-10 or equimolar amount of IT9302 at 0, 8, 16 hours
and collected at 24 hours. We performed microarray experiments
(array matrix over 20.000 genes) to identify possible genes
induced or inhibited by IL-10 or IT9302. Further DNA based p53
mutation detection was analyzed by microarray oligonucleotid
sequencing. Results: We found 165 genes which were regulated
in the metastatic melanoma cells A2058 compared with 30 genes
regulated in the melanoma cells A375. In A2058 cells: TRAF
family member-associated NFKB activator (STMN4), mitogen-
activated protein kinase kinase (MAP2K6, MAP2K7) and tumor
necrosis factor receptor member 11 (TNFRSF11B) were
decreased. Genes directly transactivated by p53 like chondroitin
sulfate proteoglucan 2 (CSPGG2), BCL2-associated X protein
Bax and transforming growth factor α (TGFA) were increased.
Neural cell adhesion molecule 1 (NCAM1) and BH-protocad-
herin (PCDH7) were decreased. S100 calcium binding protein A2
(S100A2) and major histocompability complex, class II (HLA-
DRA) were increased. In A375 cells: putative NFkB activating
protein (FLJ20241) was highly induced both by IL-10 and
IT9302. Cytochrome c oxidase assembling protein (COX 11) and
N-myc downstream regulated gene 2 (NDRG2) were increased
by IT9302. Our p53 mutation analyzes showed that A2058 cells
expressed p53 wild type while A375 cells the p53 mutated form.
Conclusion: MAPK pathways related genes are regulated only in
A2058 cells. IT9302 induced apoptotic effect mediated by BAX
and TGFA is dependent of p53 wild type expression.

152
INTERLEUKIN-6-TYPE CYTOKINES NEGATIVELY
REGULATE TISSUE INHIBITOR OF METALLOPRO-
TEINASES-3 EXPRESSION IN SYNOVIAL LINING
CELLS Katrin Golz1, Eddy van de Leur2, Peter C. Heinrich1 and
Heike M. Hermanns1, 1Institut of Biochemistry; 2Institute of
Clinical Chemistry, University Hospital RWTH Aachen, Germany

Rheumatoid arthritis (RA) is a chronic inflammatory disease
characterised by cartilage destruction and hyperplasia of the syn-
ovium. The precise mechanism of bone and cartilage destruction
has not yet been elucidated, but an imbalance of matrix metallo-
proteinases (MMPs) and their physiological inhibitors, tissue
inhibitors of metalloproteinases (TIMPs), is thought to play an
important role. In the synovial fluid of RA-patients elevated lev-
els of several pro- and anti-inflammatory cytokines were found,
including members of the interleukin-6 (IL-6) family. IL-6-type
cytokines are important mediators of inflammatory and immune
responses. Using real-time PCR and RNase-protection assays we
demonstrate that oncostatin M (OSM) and IL-6 in combination

with its soluble receptor negatively regulate the basal as well as
transforming growth factor-β (TGF-β)-induced TIMP-3 gene
expression. Analysis of the human TIMP-3 promoter in a rabbit
synovial fibroblast cell line (HIG-82) shows that a minimal pro-
moter of -48/+305 bp is sufficient for the full basal as well as
TGF-β-induced transcription of a luciferase-reporter gene. We
identify two putative specificity protein 1 (SP1) sites in close
proximity to the transcriptional start site as critical for the basal
activity of the -48/+305 bp promoter region. However, mutation
of the SP1 sites neither abrogates the positive regulatory effect of
TGF-β stimulation nor the negative regulation by OSM. Western
blot analyses demonstrate activation of the Jak (Janus
kinase)/STAT (signal transducer and activator of transcription)-,
MAPK (mitogen-activated protein kinase)- as well as PI3K
(phosphatidylinositol-3-kinase)-pathway. Interestingly, pretreat-
ment of the rabbit synovial cell line with the PI3K inhibitor
LY294002 prevented the OSM-mediated suppression of the
TIMP-3 promoter driven reporter gene expression. In conclusion,
IL-6 and OSM might contribute to the imbalance of
MMPs/TIMPs by suppressing the expression of the extracellular
matrix associated TIMP-3 by a PI3K-dependent mechanism. 

153
TRANSLATIONAL CONTROL OF INTERLEUKIN-3
MRNA: INVOLVEMENT OF THE ADENOSINE/URIDINE-
RICH ELEMENT Kirla R. Maurás-Rivera, Félix Araujo-Pérez,
and Carlos I. González1, University of Puerto Rico-Río Piedras,
Department of Biology, College of Natural Sciences, San Juan,
PR 00931

mRNA stability plays an important role in controlling gene
expression. Many mRNAs implicated in cardiovascular and pul-
monary diseases are regulated at the post-transcriptional level.
Most of these transcripts harbor sequences rich in adenosine and
uridine (AREs), which play a role in the regulation of their sta-
bility. The main objective of this study is to understand how the
AREs in the 3’ untranslated region (3’UTR) of the Interleukin-3
(IL-3) mRNA regulate its translation. To achieve this goal we
have developed an efficient HeLa cell-free translational extract.
In addition, we have made several luciferase reporter constructs
harboring specific regions of the IL-3 3’-UTR. The effect of the
IL-3 ARE on translation has been monitored in both rabbit retic-
ulocyte lysates (RRLs) and HeLa cell extracts. The results from
these experiments demonstrated that the presence of the cap
structure and the poly A tail has a synergistic effect in the trans-
lation of the luciferase mRNA. In addition, the IL-3 ARE dra-
matically reduces the luciferase activity of the reporter chimera in
both RRLs and HeLa cell-free translational extracts. The reduc-
tion observed in luciferase levels is not due to an altered stability
of the reporter mRNA. Consistent with this result, the functional
half-lives of the reporter constructs used in the extracts were
identical. These results suggest that the IL-3 ARE can reduce the
translation efficiency in our in vitro systems. All together, these
studies will allow us to better understand the mechanism of how
AREs control the process of translation in mammalian cells and
will also contribute in the molecular understanding of several
human diseases. Supported by a grant from NHLBI (KO1 HL-
04355)

154
TRANSCRIPTIONAL PROFILING IN JURKAT T 
CELLS TREATED WITH INTERFERON-ββ1A AND
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INTERFERON-γγ Jaya Goyal, Deborah Kinch, Karen Flynn,
Quyen Duong, Matthew Cooper, and Meena Subramanyam,
Clinical Science and technology, PCDS, Biogen Idec Inc.,
Cambridge, MA, USA

Multiple sclerosis is an inflammatory demyelinating disease of
the central nervous system. Immunological studies have suggest-
ed that MS is an autoimmune disease mediated by T-lymphocytes
secreting pro inflammatory Th1 cytokines. Results from clinical
trials indicate that IFN-β is effective in reducing exacerbation in
relapsing-remitting multiple sclerosis (RRMS), where as previ-
ous studies showed that administration of IFN-γ induces acute
relapses along with activation of systemic immune response.  The
underlying mechanism of the beneficial effects of IFN-β and the
detrimental effects of IFN-γ in MS remains to be characterized.
Several studies have been performed examining the different bio-
logical responses to IFN-β versus IFN-γ.  A preferential induction
of IRF-7 in IFN-β and IRF-1 in IFN-γ treated astrocytes were
proposed as possible contributors to the clinically opposite
effects of IFN-β and IFN-γ in MS. MxA and B are shown to be
specifically induced by Type I interferons whereas IFN-γ treat-
ment has been shown to have no effect on Mx expression. A num-
ber of other Type I interferon specific genes have also been iden-
tified, namely, ISG 56 K, ISG 54K and 58K, RIG-G, 2-5’A syn-
thetase, 6-16, and IRF2. IFN-γ specific genes that have been
identified include IRF1, IP-30 and CIITA. 

In an effort to identify useful biomarkers specific to INF-β1a
exposure and characterize the biological response to interferon-
β1a and interferon-γ (IFN) treatment, Jurkat T cells were
exposed for 6 or 24 hours to increasing doses (0-1000 U/mL) of
IFN.  The gene expression profile of IFN-β and IFN-γ treated
cells was analyzed using Affymetrix U133A GeneChip oligonu-
cleotide micro-arrays, representing over 21,000 human genes and
EST’s.  Most of the genes previously known to be upregulated by
IFN were identified as differentially expressed, yet a very diverse
modulation of gene expression was observed with the two IFN
stimuli.  Genes upregulated with 5 U/mL IFN-β1a at the 6 hr time
point were used as a source of potential biomarkers of exposure.
One hundred twenty five such transcripts were identified and fur-
ther investigated.  Possible useful biomarkers of INF-β1a expo-
sure and the criteria used in their selection will be discussed.

155
THE ISG15-SPECIFIC PROTEASE, UBP43, INTERACTS
WITH SSRP1 IN AN INTERFERON-DEPENDENT MAN-
NER. Janette Harro1, Xiao-Ling Li1, and Bret A. Hassel1,2,
1Program in Molecular and Cell Biology, and 2Greenebaum
Cancer Center, University of Maryland, Baltimore, MD 21201,
USA.

ISG15 (Interferon-stimulated gene-15Kd) is a ubiquitin-like pro-
tein (ubl) that posttranslationally modifies cellular proteins via a
mechanism analogous to that of ubiquitin (ub).  A family of
deconjugating enzymes can reverse protein modification by ub
and ubls, providing a rapid mechanism to modulate protein func-
tion. The ISG15-specific isopeptidase, ubp43, actively deconju-
gates ISG15 substrates and a regulates the profile of ISG15 con-
jugates in cells. Only five ISG15 conjugates have been identified
to date, and the physiological roles of ISG15 conjugation remain
undefined. To identify candidate ISG15 conjugates and dissect
the regulation of ubp43 activity, we sought to identify proteins
that interact with ubp43.  A yeast two-hybrid screen using a full-
length ubp43 protein as “bait” identified SSRP1 (structure-spe-

cific recognition protein-1) as a strong ubp43 interactor. SSRP1
and its heterodimeric partner, Spt16, comprise the FACT
(Facilitates Chromatin Transcription) complex that functions to
enhance transcription through nucleosomes.  Co-immunoprecip-
itation analyses revealed that SSRP1 and ubp43 interact in mam-
malian cells; interestingly, this interaction was only observed in
interferon-treated cells. Expression of transfected SSRP1
enhanced the solubility of ubp43, suggesting that the interaction
involves a change in subcellular localization. Current studies are
focused on determining if SSRP1 is modified by ISG15, and on
how the interaction with SSRP1may influence ubp43 activity.
These findings suggest that, similar to ub and other ubls, the
ISG15 conjugation pathway may modulate a fundamental com-
ponent of the transcriptional machinery.

156
MIXED LINEAGE KINASES AND THE INTERFERON-ΓΓ
SIGNAL TRANSDUCTION PATHWAYS. Sanjit K. Roy, Jon
D. Shuman*, Paul S. Shapiro, Leonidas Platanias$, Peter F.
Johnson* & Dhan V. Kalvakolanu, Greenebaum Cancer Center,
University of Maryland School of Medicine, Baltimore, MD;
$Northwestern University Feinberg School of Medicine, Chicago,
IL; and *National Cancer Institute Frederick Cancer Research
Facility, Frederick, MD, USA

Transcription factor C/EBP-β plays a central role in regulating
acute phase responses driven by several cytokines such as IL1,
IL6, TNFα, LPS and interferons, macrophage-dependent anti-
tumor actions. In addition to its prominent role in innate immune
responses, deletion of C/EBP-β causes defects in glucose metab-
olism, reproductive system, myeloid differentiation and the cen-
tral nervous system. Activity of this b-zip transcription factor is
controlled via phosphorylation at several serine and threonine
residues, although the exact regulators and their mechanisms of
action are unclear. We have shown earlier that C/EBP-β plays an
important role in IFN-induced innate immune responses through
the regulation of IRF9 gene. IRF9 is essential for IFN-induced
expression of cellular genes involved in innate immunity against
viruses. Our recent studies revealed that the IFN-γ induced
C/EBP-β dependent gene expression of the IRF9 gene is regulat-
ed by the Mixed Lineage Kinases (MLK). MLKs belong to a sub-
division of the MAP kinase family. Interestingly, MLKs appear to
regulate C/EBP-β activity via dephosphorylation in response to
IFN-γ. We have identified that a serine residue in the transactiva-
tion domain of C/EBP-β as a target for MLK3-dependent dephos-
phorylation. Dephosphorylation of C/EBP-β is independent of
IFN-γ stimulated ERK-activation and the critical ERK-phospho-
rylation site of the regulatory domain 2 (RD2) of C/EBP-β.
Together these studies identify a novel cytokine-induced signal-
ing mechanism that regulates transcription via dephosphoryla-
tion.

157
IFNγγ-MEDIATED REGULATION OF 25-HYDROXYVITA-
MIN D-1-ALPHA-HYDROXYLASE IN HUMAN MONO-
CYTES. K. Stoffels, L. Overbergh, A. Giulietti, R. Bouillon, C.
Mathieu. Laboratory of endocrinology and experimental medi-
cine, Catholic University of Leuven, Leuven, Belgium.

The activated form of vitamin D3, 1,25(OH)2D3, has an immuno-
suppressive action and macrophages themselves can produce
1,25(OH)2D3. We and others have demonstrated that 1α-hydrox-
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ylase, the enzyme responsible for the final activation of vitamin
D3, is regulated by immune stimuli in macrophages. In this study
we analyzed the intracellular pathways regulating 1α-hydroxy-
lase transcription in human monocytes in response to IFNγ, an
important T-lymphocyte cytokine. We revealed that monocytes
need to be activated, e.g. by the bacterial compound LPS, to pro-
duce 1α-hydroxylase in response to IFNγ. Moreover, the upregu-
lation, analyzed by real time RT-PCR, necessitates de novo tran-
scription and translation and occurs only after 48h of stimulation.
The 1α-hydroxylase upregulation in THP1 cells upon IFNγ and
LPS stimulation necessitates signaling via the JAK-STAT, the
p38 MAP kinase and the NF-κB pathways, since addition of the
inhibitors AG490 (150µM, 55% inhibition, p<0.005), SB203580
(30µM, 76% inhibition, p<0.005) or sulfasalazine (1µM, 77%
inhibition, p<0.002), respectively, blocked the upregulation. The
promoter of the 1α-hydroxylase gene contains a CCAAT box, a
putative GAS site and multiple NF-κB binding sites. We could
confirm activation of C/EBPβ, STAT1α and NF-κB by western
blot analysis in IFNγ and LPS stimulated THP1 cells.
Furthermore, blocking either one of the previously mentioned
signaling pathways inhibits the immune stimulated upregulation,
suggesting a cross-talk between the pathways, or possibly inter-
play at the 1α-hydroxylase promoter between the transcription
factors activated by them. These data, combined with the fact that
1α-hydroxylase upregulation in monocytes occurs rather late
after immune stimulation (i.e. 48h), show that 1α-hydroxylase is
subject of a complex regulation and may play a role in downta-
pering the immune reaction. Thus, a negative feedback loop may
be provided by macrophage-produced immunosuppressive
1,25(OH)2D3, thereby preventing an unrestricted immune reac-
tion. Defects in this regulatory system may lead to immunologi-
cal disorders and autoimmunity.

158
IDENTIFICATION OF A DISTINCT PROMOTER ACTIV-
ITY IN THE PROXIMAL UPSTREAM OF SWINE INTER-
LEUKIN-12 RECEPTOR BETA 2 GENE Takehiro Kokuho,
Satoko Watanabe, Shigeki Inumaru, Takayuki Kubota, Division
of Immunology, National Institute of Animal Health, Tsukuba,
Ibaraki, Japan

Interleukin(IL)-12 receptor(R) is a heterodimeric molecule com-
posed of binding beta(b) 1 and signaling b2 subunits. Although
the biological significance of b2-mediated signals for the onset of
immune responses has been well documented, its transcriptional
control is not fully understood. Recently, we have cloned an
untranslated exon of swine b2 gene, which exists at about 2.0kbp
upstream of the start codon (ATG) coding exon (exon2). Since
the position of exon1 is reported to be far (~12kbp) upstream of
exon2 in human and murine genome, our findings suggest differ-
ences not only in the exon/intron structure but also in the tran-
scriptional regulation of swine b2 gene with these species. By the
primer extension and 5’-RACE analyses, we determined the tran-
scription start sites and identified a TATA-, Sp1-independent pro-
moter region at the 5’-upstream. The region contains NF-AT,
STAT and AP1/c-Jun binding motifs, and does not show any sim-
ilarity with human and mice promoter sequences. In the
luciferase reporter assay using human Th1 cell line, Jurkat E6-1,
we observed the AP1/c-Jun motif is essential for the transcrip-
tional regulation. Although it has been reported that, in human
and mice, Sp1-biding motif is required for the expression of b2
gene, our result indicates the distinct control of b2 gene tran-
scription in pigs. In fact, swine and human promoters revealed

opposite effects on luciferase expression in the reporter assay
above. The result seems to support the previous observation that
swine T peripheral cells were unresponsive to IL-12 under the
same culture condition for activating T cells of other species
because of insufficient expression of IL-12Rb2 (Junker et al.,
2002). Transcription factor(s) which is involved in the regulation
of swine b2 gene expression has now been under investigation.
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STAT AND TGF-b SIGNALS COLLABORATE IN THE
DAUER DEVELOPMENTAL DECISION IN THE NEMA-
TODE, C. ELEGANS. Yaming Wang and David E. Levy,
Departments of Pathology and Microbiology and NYU Cancer
Institute, New York University School of Medicine, New York NY
10016 USA

C. elegans develop through a characteristic series of defined mor-
phogenetic changes from fertilization through larval and adult
stages. An alternative developmental fate, termed dauer, can be
adopted in response to adverse environmental conditions. This
developmental decision is signaled primarily through head neu-
rons that sense the environment through projections to the mouth,
known as amphid neurons. Genetic evidence supports the notion
that the dauer developmental pathway represents a default pro-
gram that is actively inhibited in response to an environment con-
ducive to reproductive growth. One signaling pathway acting to
prevent dauer entry involves TGF-b, and mutations in TGF-b sig-
naling components can lead to constitutive dauer development.
Nematodes encode a gene homologous to mammalian STAT pro-
teins. We found that nematode STAT, termed STA-1, bears the
characteristic features of a bona fide STAT, with the exception of
the amino-terminal domain. When phosphorylated, the protein
accumulates in the nucleus and binds a typical GAS DNA ele-
ment. STA-1 is constitutively expressed in the cytoplasm of many
cells and tissues, but it accumulated constitutively in the nuclei of
a subset of amphid neurons. To investigate its possible role in
these neurons, we probed TGF-b and STA-1 interactions. TGF-b
mutant animals, such as daf-4 and daf-7, exhibited expanded
STA-1 protein expression in head ganglia, including nuclear
accumulation in additional neurons, suggesting that TGF-b sig-
naling actively represses STA-1 expression and activity. sta-1
mutant animals showed a high temperature-induced dauer (HID)
phenotype, and these mutant alleles were synthetic with TGF-b
signaling component mutations, producing an enhanced dauer
phenotype. Epistasis analysis indicated that STA-1 acts in paral-
lel to TGF-b signaling components such as SMAD and Ski/Sno,
ultimately converging to inhibit the effector elements required for
dauer entry. These results demonstrate that TGF-b and STAT pro-
teins participate in an interacting genetic network that prevents
the dauer developmental decision in response to conducive
growth conditions.

160
LPS STABILIZES FORMYL PEPTIDE RECEPTOR 1
mRNA VIA AUTOCRINE ACTION OF TNFαα Palash Mandal
and Thomas Hamilton, Department of Immunology, Cleveland
Clinic Foundation, Cleveland, OH, USA

The host response to bacterial infection is characterized by an
influx of inflammatory leukocytes into affected tissue sites, which
is mediated in part by receptors for formyl-methionine-terminated
peptides.  In this present study we show that LPS can markedly
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enhance the expression of the formyl peptide receptor gene
(FPR1).  This process is indirect and depends upon the intermedi-
ate production of TNFα as indicated by the following findings.
The response to LPS is blocked by cycloheximide.  In addition, a
heat labile but polymyxin B-insensitive factor present in super-
natants from LPS-stimulated cells can induce expression of FPR1
mRNA.  Finally TNFα can mimic the effects of LPS while IL-1,
IFNβ and IFNγ are all without effect.  The induced elevation of
FPR1 mRNA is achieved at least in part through the stabilization
of the message.  In untreated cells FPR1 mRNA exhibits a half life
of approximately 90 min and this is markedly increased (to >6 hrs)
following stimulation with LPS.  Though FPR1 mRNA levels
remain elevated for as long as 24 hrs after stimulation, the half life
of the message is prolonged only transiently.  Pro-inflammatory
stimuli such as LPS and IL-1 (but not TNFα) have been shown to
enhance the stability of multiple short-lived cytokine mRNAs
through mechanisms that depend upon the presence of adenine
uridine rich elements (AREs) present in the 3’UTR of targeted
mRNAs.  Since FPR1 mRNA does not contain identifiable ARE
sequences, the instability and stimulus-induced stabilization are
likely to depend upon novel sequence motifs.  Collectively these
findings define a distinct molecular pattern of response to LPS
stimulation in mononuclear phagocytes.

161
REGULATION OF THE TYPE I IFN LOCUS DURING
VIRAL INFECTION. Isabelle J. Marié, Nadia Cohen, and
David E. Levy, Departments of Pathology and Microbiology and
NYU Cancer Institute, New York University School of Medicine,
New York NY 10016 USA

The type I IFN locus is transcriptionally activated in virus-infect-
ed cells, resulting in the synthesis of multiple members of the
IFNa/b cytokine family. Previous studies have shown that IRF3
and IRF7 are essential for IFNa/b gene induction by negative-
strand RNA viruses, with IRF3 implicated in the immediate-early
induction of mouse IFNb and IFNa4 and IRF7 required for the
delayed induction of addition IFNa family members. The ser-
ine/threonine kinases TBK1 and IKK-e have been identified as
IRF activators through phosphorylation of serine clusters in the
carboxyl-terminal regulatory domains of IRF3 and IRF7.
We have evaluated the targeted phosphorylation of IRF7 in virus-
infected cells or in response to specific kinases and characterized
the essential serine residues in the IRF7 regulatory domain. The
phosphorylation of a  specific group of serine residues was found
to be essential for infection-dependent activation of IRF7 tran-
scriptional activity, while the phosphorylation of other residues
was mutually redundant with one another. Another serine cluster
was required for transcriptional activation of IRF7, yet its func-
tion does not appear to depend on direct phosphorylation. Rather,
these serines play a regulatory role through either kinase recog-
nition or domain conformational shift.
Genetic and biochemical studies with the DNA virus HSV-1
revealed further complexity in type I IFN regulation. Each of the
signaling and effector molecules implicated in responses to RNA
viruses was systematically examined for a role in HSV infection,
revealing a distinct signaling and transcriptional program of type
I IFN gene activation by this DNA virus.

162
ROLE OF ETS-1 IN ERYTHROID ANG MEGAKARY-
OCYTIC DIFFERENTIATION Giovanna Marziali, Valentina

Lulli, Paolo Romania, Simona Mazzeo, Ornella Morsilli, Marco
Gabbianelli, Alfredo Pagliuca, Ugo Testa and Cesare Peschle.
Dept Hematology, Oncology and Molecular Medicine, Istituto
Superiore Sanità, Rome, Italy. 

The ets proteins constitute a highly conserved gene family of
winged helix-turn-helix transcription factors implicated in cellu-
lar proliferation, differentiation, development and tumorigenesis.
We analyzed Ets-1 gene expression in human purified
hematopoietic progenitor cells (HPCs), particularly during their
erythroid and megakaryocytic differentiation. In immature ery-
throblasts Western blot analysis and confocal microscopy showed
that Ets-1 protein was localized both in the cytoplasm and in the
nucleus, but when erythroid cells moved to terminal maturation
stages, the level of nuclear Ets-1 decreased, disappearing in poly-
chromatophilic erythroblasts. On the contrary, during the
megakaryocytic differentiation Ets-1 remained localized in the
nucleus up to terminal  maturation. To investigate its functional
role, HPCs transduced with a retroviral expression vector con-
taining Ets-1, were grown either in erythroid or megakaryocytic
unilineage cultures. Ets-1 overexpressing erythroid cells showed
a more immature phenotype, associated with an increase in
GATA-2 expression and a decrease in GATA-1 and erythropoi-
etin receptor expression. On the contrary, Ets-1 overexpressing
megakaryocytes were characterized by a more differentiated phe-
notype and an upmodulation of GATA-2 and megakaryocyte-spe-
cific genes. EMSA and transient transfection assays showed that
Ets-1 binds to and transactivate GATA-2 promoter. These results
suggest that Ets-1 might be involved in the control of erythroid
and megakaryocytic differentiation.

163
IDENTIFICATION OF RNA ACTIVATORS OF 2’,5’-
OLIGOADENYLATE SYNTHETASE IN PROSTATE CAN-
CER CELLS Ross J. Molinaro1,2, Krishnamurthy Malathi1,
Robert H. Silverman1, 1Department of Cancer Biology, Lerner
Research Institute, Cleveland Clinic Foundation, Cleveland, OH,
USA, 2Department of Chemistry, Cleveland State University,
Cleveland, OH, USA

2’,5’-Oligoadenylate synthetases (2’,5’-OAS) are unique inter-
feron-induced enzymes associated with protecting cells against
various types of viral infections. In humans, there are three func-
tional genes (OAS1, OAS2, OAS3) encoding for small, medium,
and large isoforms of 2’,5’-OAS. Both double-stranded (ds) RNA
and single-stranded RNA with defined secondary structure have
been previously shown to activate 2’,5’-OAS. In the presence of
the activating RNA(s), 2’,5’-OAS converts ATP into a series of
short, unusual 2’,5’-linked oligoadenylates, whose only known
function is the activation of ribonuclease (RNase) L. Activated
RNase L causes viral and cellular RNA degradation, subsequent-
ly reducing protein synthesis and finally resulting in cell death.
The recent identification of the RNASEL gene as a strong candi-
date for the hereditary prostate cancer 1 (HPC1) allele suggests a
potential role for RNase L in suppressing prostate cancer.
Additionally, association of mutations in the RNASEL gene with
prostate cancer risk imply that the activation of 2’,5’-OAS is an
antiproliferative mechanism in tumor cells. We have determined
that prostate cancer cell lines (PC3, LNCaP and DU145) contain
RNA species capable of activating 2’,5’-OAS, while normal
prostate epithelial cells (PrEC) were relatively deficient in RNA
activators of 2’,5’-OAS. We have isolated and cloned RNA mol-
ecules with high affinity for 2’,5’-OAS from PC3 cells using an
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in vitro selection method.  The 2’,5’-OAS selected RNAs include
three human endogenous retrovirus (HERV) RNAs and two cel-
lular mRNAs. We have shown that the purified in vitro tran-
scribed RNAs can activate 2’,5’-OAS. We performed secondary
structure analysis on the isolated RNAs and correlated structure
with activity. Based on these data, we propose that these selected
RNAs may be natural activators of 2’,5’-OAS in prostate cancer
cells that function in the antiproliferative activity of RNase L.

164
P38 MAP KINASE REGULATES STAT1- AND NF-κκB-
DEPENDENT  TRANSCRIPTIONAL SYNERGY VIA
ENHANCEOSOME FORMATION IN INTERFERON AND
LPS-STIMULATED MACROPHAGES, Yoshihiro Ohmori
and Miki Hiroi, Department of Oral Biochemistry, Meikai
University School of Dentistry, Sakado, Saitama 350-0283, Japan

Interferon gamma (IFNγ) and lipopolysaccharide (LPS) have
been show to cooperatively regulate the expression of many
macrophage genes. The molecular mechanisms involved in the
IFNγ- and LPS-induced transcriptional synergy have been attrib-
uted to enhanced phosphorylation at the serine 727 (S727) of
STAT1 by LPS and to enhanced recruitment of CREB-binding
protein (CBP) and RNA polymerase II (Pol II) by STAT1 and NF-
κB. Although p38 MAP kinase is known to be involved in the
LPS-induced STAT1 S727 phosphorylation, the role of the kinase
in the transcriptional synergy between STAT1 and NF-κB
remains to be elucidated. In this study we show that p38 MAP
kinase was involved in the cooperative binding of STAT1 and
CBP, and in the enhanced recruitment of Pol II at the promoter
region of the CXCL9/Mig gene, an IFNγ-inducible chemokine
gene, in macrophages. IFNγ and LPS synergistically induced the
expression of CXCL9 mRNA in mouse macrophage-like
RAW264.7 cells. The results of a luciferase reporter assay using
CXCL9 promoter/enhancer constructs demonstrated that muta-
tion of the κB2 site markedly reduced the IFNγ and LPS-induced
transcriptional synergy, indicating the requisite role of NF-κB in
the synergy. Inhibitors of p38 MAP kinase, but not an ERK
kinase inhibitor, markedly suppressed the IFNγ and LPS-induced
synergistic transcriptional activity without affecting DNA-bind-
ing activities of STAT1 and NF-κB. In addition, LPS potentiated
the transcriptional activity of an expression vector containing the
GAL4 DNA-binding domain and the RelA transactivation
domain, and the activity was suppressed by p38 MAP kinase
inhibitor SB203580. Furthermore, chromatin immunoprecipita-
tion analysis demonstrated that co-treatment of RAW264.7 cells
with IFNγ and LPS cooperatively recruited STAT1, CBP and Pol
II at the promoter region of the CXCL9 gene and that this coop-
erative recruitment was suppressed by SB203580. These results
suggest that p38 MAP kinase regulates the STAT1- and RelA-
mediated enhanceosome formation at the promoter/enhance
region of the CXCL9 gene in IFNγ and LPS-stimulated
macrophages, which formation then leads to the synergistic tran-
scriptional activity. 

165
ROLE OF ETS-1 IN TRANSCRIPTIONAL REGULATION
OF TRANFERRIN RECEPTOR IN PRIMARY HUMAN
LYMPHOCYTES ACTIVATION Edvige Perrotti1, Ramona
Ilari1, Ornella Morsilli2, Ugo Testa2, Giovanna Marziali2 and

Angela Battistini 1Dept of Infectious, Parasitic and
Immunomediated Diseases, 2Dept of Hematology, Oncology and
Molecular Medicine, Istituto Superiore di Sanità, Rome, Italy;

The Ets transcription factors constitute a gene family character-
ized by sequence homology within the DNA binding ets domain
wich is a purine rich DNA sequence   containing a conserved
GGAA core. Ets-1 is the founding  member of the this family and
is highly expressed in all lymphoid cells. The transferring  recep-
tor (TfR) is required  for iron uptake and its function is essential
to cell proliferation.The number  of TfR present on the membrane
of  rapidly  dividing cells is very high and  directly  correlates
with the rate of cell growth. Although TfR regulation is con-
trolled by post-transcriptional  mechanisms, transcriptional  reg-
ulation is involved in the receptor expression during T and B lym-
phocytes  activation. We analyzed  the  elements of the TfR pro-
moter through which gene  transcription is regulated in response
to mitogenic stimuli (i.e. PHA). We identified  a promoter  region
containing  a consensus  recognition sequence  for both AP-1 and
CREB/ATF transcription factors linked to an ets binding site and
a GC-rich sequence.  By specific DNA pull-down  assays, we
showed that Ets-1 binds to the TfR-Ets consensus sequence  in
resting lymphocytes. After mitogenic stimulation, the Ets-1 bind-
ing was down-modulated  and  an increase in AP-1/CRE DNA
binding activity was observed.  Inhibition of Ets-1 binding was
linked to an increased  phosporylation  of the protein. Moreover,
Ets-1 over-expression in lymphoid cell lines revealed  an inhibito-
ry role on the TfR gene expression suggesting that Ets-1 down-
regulation  is necessary  for T cell  proliferation. 

166
TNF-αα/IL-1ββ STIMULATION OF HepG2 CELLS LEADS
TO A TIME DEPENDENT SHIFT IN THE COM-POSI-
TION OF THE NF-κκB DIMERS AND IN THE NF-κκB BIND-
ING AFFINITY TO IL-8/P53 PROMOTERS. Mads
Rasmussen1, Borbala Gesser1, Lars Iversen1, Knud Kragballe1,
1Marselisborg hospital, Aarhus University, Denmark.

Nuclear factor kappa B (NF-κB) activation is essential for both
the initiation and the resolution of inflammation. The specific
sequence of the κB binding motif in the promoter region of a
gene determines which NF-κB dimer/dimers that can bind and
regulate transcription. Hepato-carcinoma-cells (HepG2) were
stimulated for up to 72 hours with either tumor necrosis factor
alpha (TNF-α) (50ng/ml) or interleukin-1 beta (IL-1β)
(20ng/ml). Reporter gene assays showed an activation of the IL-
8 reporter gene which was maximal after 3 hours of stimulation,
and reached basal level after 12 hours. The p53 reporter gene
expression was also maximal after 3-6 h, but the decline in p53
gene expression was much slower compared to IL-8. p53 gene
expression was still increased 72 hours after stimulation
(p<0.05). Electrophoretic mobility shift assays revealed a differ-
ence in the composition of the NF-κB dimers that binds to the IL-
8 κB and p53 κB binding motif. The IL-8 κB binding motif binds
the p65:p65 and p50:p65, whereas the p53 κB binding motif
binds the p50:p50 and the p50:p65. The increased binding activ-
ity of the p65:p65 did not last more than one hour, whereas the
increased binding activity of the p50:p50 was sustained through-
out the 72 hours study period. Western blot analysis of nuclear
extracts confirmed these findings. Our data demonstrate that the
time dependent difference in NF-κB binding to the IL-8 and p53
κB binding motif is due to a change in the composition of the NF-
κB dimers. p50/p65 and p65/p65 are the dominating dimers in
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the initial phase of NF-κB activation with IL-1β or TNF-α,
whereas the p50/p50 dominates in the later phases. The different
activation of the p53 and IL-8 reporter genes can be explained by
a change in the composition of the NF-κB dimers in the nucleus.

167
COOPERATIVE REGULATION OF THE ACETYL
TRANSFERASE AND CCAAT DISPLACEMENT PRO-
TEIN ON THE EXPRESSION OF NF-κκB-REGULATED
CHEMOKINES IN MELANOMA CELLS. Yukiko Ueda1 and
Ann Richmond1,2. 1Department of Cancer Biology , Vanderbilt
University School of Medicine and 2VA Medical Center,
Nashville, TN

To maintain cellular homeostasis, the nuclear factor-kappa beta
(NF-kappaB) coordinates gene transcription involved in inflam-
mation, immune response, cell proliferation, and apoptosis.  In
metastatic melanoma, NF-kappa B-dependent chemokines, such
as CXCL1 and CXCL8, are over expressed and these over
expressed chemokines are known to enhance melanoma tumor
progression. We found that cellular proteins are hyper-acetylated
in the metastatic melanoma cells compared to the normal
melanocyte, indicating that NF-kappaB-mediated gene transcrip-
tion is co-activated by lysine acetyl transferases, such as p300,
cyclic AMP-responsive element-binding protein (CREB) binding
protein (CBP), and/or p300/CBP associating factor (PCAF).   The
CXCL1 promoter includes a CCAAT-displacement protein
(CDP) binding site upstream of the NF-kappa B binding site.
CDP is known to bind CCAAT or ATCGAT motifs, and to main-
ly suppress gene transcription.  However, the relationship
between CDP and NF-kappa B activity is not clear. Here, we
report that (1) the deletion of the lysine acetyl transferase domain
of PCAF (PCAF-∆LAT) reduces NF-kappaB-mediated gene
transcription, (2) over-expressed CDP reduces NF-kappaB-medi-
ated transcription, and (3) CDP and PCAF cooperatively reduce
the NF-kappaB-mediated transcription.  Our data suggest that
CDP competitively binds to PCAF, leading to the interference of
PCAF to activate NF-kappa B.  This study contributes to our
understanding of how NF-kappaB-mediated chemokine tran-
scription is activated in melanoma tumor cells.  

168
IFN-αα-REGULATED INTERLEUKIN-21 AND INTER-
LEUKIN-21 RESEPTOR GENE EXPRESSION IN HUMAN
NK AND T CELLS Mari Strengell1, Ilkka Julkunen1, and
Sampsa Matikainen1, 1Department of Microbiology, National
Public Health Institute, Helsinki, Finland

IL-21 is a T cell-derived cytokine, which is involved in innate and
adaptive immune responses. We have previously shown that IL-
21 up-regulates the expression of certain innate and Th1 type
immunity associated genes, like IL-2Rα, IL-18R and IFN-γ. IL-
15 and IL-18-induced IFN-γ production is also synergistically
enhanced by IL-21. IL-21R, which is expressed in NK and T
cells, is structurally homologous to IL-2Rβ and IL-15Rα. IFN-
α/β is an important antiviral and immunoregulatory cytokine that
activates NK cells, DCs, and it also serves as an important link
between innate and adaptive immunity. We have shown earlier
that IFN-α/β directly activates IFN-γ gene expression in human
NK and T cells. At present, no information is available on the
possible regulatory role of IFN-α/β in regard to novel T cell-
derived cytokine IL-21. We demonstrate here that in addition to

activating IFN-γgene expression, IFN-α/β and IL-12 enhance the
mRNA expression of IL-21 in activated human T cells. In addi-
tion, IFN-α/β enhanced TCR stimulation-induced IL-21 and
IFN-γ gene expression in resting T cells. The promoter analysis
of IL-21 gene revealed a putative GAS element, which was found
to bind signal transducer and activator of transcription 1
(STAT1), STAT2, STAT3, and STAT4 proteins in IFN-α/β stimu-
lated NK or T cell extracts. In contrast to IL-21 expression, IFN-
α/β down-regulated IL-21R mRNA expression both in NK and T
cells. In conclusion, these results suggest a novel role for IFN-
α/β in the regulation of IL-21 response. 

169
HEPATOCYTE GROWTH FACTOR GENE IS TRANSCRIP-
TIONALLY ACTIVATED BY LEUKEMIA INHIBITORY
FACTOR THROUGH THE STAT3 PATHWAY Mikio Tomida1

and Takeshi Saito1, 2, 1Research Institute, Saitama Cancer Center,
Ina-machi, Saitama, Japan; 2REDS Group (Saitama Prefecture
Collaboration of Regional Entities for the Advancement of
Technological Excellence, JST), Saitama Small Enterprise
Promotion Corporation, Kawaguchi, Saitama, Japan

Hepatocyte growth factor (HGF) is involved in tumor invasion
and metastasis by stimulating the motility of cancer cells and by
stimulating angiogenesis. On the other hand, Stat3 is constitu-
tively activated with high frequency in various cancer cells. In
this study, we demonstrated that Stat3 activated by leukemia
inhibitory factor (LIF) up-regulates HGF expression. Human
melanoma SEKI cells secrete high concentrations of LIF and
HGF, whereas 293 cells express very low levels of both.
Treatment of 293 cells with LIF stimulated the expression of
HGF mRNA. The cis-acting regulatory element of the HGF pro-
moter in SEKI and 293 cells was analyzed by means of a transient
expression assay. By deletion analysis, we found that the region
comprising the -181 to -73 base pairs was required for full activ-
ity of the HGF promoter in SEKI cells and for LIF-responsive-
ness of 293 cells. This region contains putative consensus
sequences for the Stat and NF-IL6 transcription factors. The
activity of the HGF promoter was abolished by mutation of the
Stat site, while it only slightly decreased on mutation of the NF-
IL6 site. Both electrophoretic mobility shift and chromatin
immunoprecipitation assays indicated that Stat3 protein binds to
the HGF promoter. Interruption of Stat3 signaling by treatment
with anti-LIF antibodies or dominant-negative Stat3 also reduced
the HGF promoter activity. Stat3 activation was constitutive in
SEKI cells and induced on treatment of 293 cells with LIF.
Furthermore, we examined the level of mRNAs of cytokines in
normal human fibroblasts which secrete high concentrations of
HGF. Dermal fibroblasts express high levels of IL-6 mRNA and
MRC-5 lung fibroblasts express both IL-6 and LIF. These results
suggest that the cytokines which activate Stat3 are important reg-
ulators of HGF expression.

170
IL-1ββ REGULATES THE EXPRESSION OF IL-6-
INDUCED SUPPRESSOR OF CYTOKINE SIGANLING -3
POSITIVELY AND NEGATIVELY THROUGH NF-κκB
ACTIVATION Xiang-Ping Yang1, Ute Albrecht2, Vera
Zakowski3, Dieter Häussinger2, Peter C. Heinrich1, Stephan
Ludwig3, Johannes G. Bode2, Fred Schaper1, 1Dept of
Biochemistry, RWTH, Aachen, Germany, 2Clinic for
Gastroenterology, Hepatology and Infectiology and 3Dept of
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Molecular Medicine , Heinrich-Heine-Universität , Düsseldorf,
Germany, 

Interleukin-6 (IL-6) exerts pro- as well as anti-inflammatory
activities in response to infection, injury or other stimuli which
affect the homeostasis of the organism. IL-6-induced expression
of acute-phase proteins in the liver is tightly regulated through
both IL-6-induced feedback inhibitors and the activity of pro-
inflammatory cytokines such as TNFα and IL-1β. Suppressor of
cytokine signaling 3 (SOCS3) plays a key role in the down-regu-
lation of cytokine signaling such as initiated by IL-6.
Additionally, SOCS3 has critical immunoregulatory functions in
inflammatory diseases. So far, the regulation of SOCS3 expres-
sion by cytokines which do not induce SOCS3 has not been
investigated. Recently several mechanisms of how IL-1β coun-
teracts IL-6-dependent acute-phase protein gene induction have
been proposed. Therefore a closer examination of the roles of IL-
1β in the regulation of IL-6-induced expression of the SOCS3
was undertaken. In hepatocytes IL-1β alone does not induce
SOCS3 expression but it counteracts SOCS3-promoter activation
in long term studies. Surprisingly, short term stimulation revealed
IL-1β to be a potent enhancer of SOCS3 expression in concert
with IL-6. Blocking experiments with specific inhibitors sug-
gested that p38 and JNK activation were not essential for the
increased IL-6-induced SOCS3 expression by IL-1β. Using
HepG2 cells which are defective in NF-κB activation, we found
that the promoting effect of IL-1β on SOCS3 expression does not
depend on IL-1β-dependent STAT1-serine phosphorylation
either but on NF-κB-dependent gene induction. Furthermore, it
appears that IL-1β can stabilize IL-6-induced SOCS3 mRNA.
Such a regulatory network allows IL-1β to counteract IL-6-
dependent expression of acute-phase protein genes without
inhibiting IL-6-induced SOCS3 expression. This provides a rea-
sonable mechanism in the context of IL-1β-dependent inhibition
of acute-phase protein gene induction since reduced SOCS3
expression would lead to enhanced IL-6 activity.
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IDENTIFICATION AND CHARACTERIZATION OF A
NEW PROTEIN ARGININE METHYLTRANSFERASE,
PRMT7 Jin-Hyung Lee1, Jeffry R. Cook1, Olga
Mirochnitchenko1, Samuel Gunderson2, Arthur M. Felix3, Nicole
Herth4, Ralf Hoffmann4 and Sidney Pestka1, 5, 1UMDNJ-Robert
Wood Johnson Medical School, Molecular Genetics,
Microbiology and Immunology, Piscataway, NJ 08854; 2Rutgers
University, Biochemistry, Piscataway, NJ 08854; 3Ramapo
College of New Jersey, Theoretical and Applied Sciences,
Mahwah, NJ 07430; 4University of Leipzig, Center of
Biotechnology and Biomedicine, Leipzig, Germany; 5 PBL
Biomedical Laboratories, Piscataway, NJ 08854.

Protein methylation has been shown to occur in a diverse number
of biological processes such as signal transduction, chromatin
remodeling, RNA splicing, mRNA decay, gene regulation,
nuclear export of proteins, inhibition of oncogenic ras signal
transduction and bacterial chemotaxis.  The methylation of pro-
tein substrates is catalyzed by enzymes that transfer a methyl
group from S-adenosylmethionine (AdoMet) to a protein accep-
tor, a process that occurs in many organisms.  The residues which
are modified by methylation include arginine, histidine, lysine
and aspartic acid.  Although the presence of symmetric dimethy-
larginines (SDMA) in eukaryotic cells has been known for a
number of years, an enzyme that could synthesize SDMA was

first identified by Pollack et al.(J.Biol.Chem, 274: 31531, 1999)
and subsequently characterized and designated PRMT5.  PRMT5
was found to methylate histones H2A and H4, myelin basic pro-
tein (MBP), and several spliceosomal Sm proteins (SmD1, SmD3
and SmB) in vitro.  Methylation of spliceosomal components by
PRMT5 is a pre-requisite for their assembly into the spliceosome.
PRMT5 has also been shown to be associated with the cyclin E
gene and to be involved with other transcriptional events as well.
Although a large number of proteins have been found to contain
SDMA residues, for several years PRMT5 was the only known
Type II PRMT.  Here we report the discovery of another Type II
protein arginine methyltransferase, PRMT7, that can synthesize
SDMA.  This protein was initially characterized in hamster cells
as a protein which modulates drug sensitivity to DNA-damaging
agents.  Immuno-purified PRMT7 methylated histones, myelin
basic protein, a fragment of human fibrillarin (GAR) and spliceo-
somal protein SmB.  Amino acid analysis showed that the modi-
fications produced were predominantly monomethylarginine
(MMA) and symmetric dimethylarginine (SDMA).  The data
demonstrate that PRMT7, like PRMT5, is a type II methyltrans-
ferase capable of producing SDMA modifications in proteins.
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SIRNA AGAINST EUKARYOTIC TRANSLATION INITIA-
TION FACTOR 5A SIGNIFICANTLY REDUCES TNF-αα
SECRETION IN PBMCS AND U937 CELLS IN RESPONSE
TO LPS Adrienne N Boone, Marianne T Hopkins, Catherine A
Taylor, John E Thompson, University of Waterloo, Waterloo, Ontario,
Canada

Eukaryotic translation initiation factor 5A (eIF-5A) is a unique
shuttle protein that is able to recognize and transport specific sub-
sets of mRNA from the nucleus to the cytoplasm to be translated.
Several studies suggest that eIF-5A plays a central role in matu-
ration of dendritic cells as well as in T-cells.  Some of our pre-
liminary data, obtained using a siRNA against eIF-5A in a mono-
cytic cell line (U937), suggests that  eIF-5A may be involved in
LPS recognition and cytokine secretion.   Specifically, eIF-5A
siRNA resulted in a decreased secretion of TNF-α and decreased
expression of TLR4.   Also in this study, PBMCs were isolated
from volunteer donors and transfected with either a control
siRNA or a specific eIF-5A siRNA.  eIF-5A protein was reduced
in the PBMCs treated with the specific eIF-5A siRNA as demon-
strated by Western blotting.  Three days after transfection, the
PBMCs were stimulated with 100ng/ml LPS in order to induce
TNF-α secretion.  Media and protein samples were collected both
6 hours and 24 hours after stimulation for the control and eIF-5A
siRNA treated cells.  The PBMCs that had reduced levels of eIF-
5A protein produced 50-80% less TNF-α relative to the cells
treated with the control siRNA as measured by ELISA.  eIF-5A
may be involved in the regulation of LPS detection and cytokine
secretion in these cells. 

173
INHIBITION OF HISTONE DEACETYLASE REDUCES
INTERLEUKIN-18-DEPENDENT NITRIC OXIDE PRO-
DUCTION INDUCED BY TNFαα/IFNγγ AT NON-PRO-
APOPTOTIC CONCENTRATIONS Eli C. Lewis and Charles
A. Dinarello, Division of Infectious Diseases, University of
Colorado Health and Science Center, Denver, CO, USA
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Histone deacetylases (HDAC) increase gene expression by chro-
matin remodeling. HDAC inhibiting agents, which reduce the
progression of various malignancies at micromolar concentrations
by increasing the expression of pro-apoptotic genes, are currently
in clinical trials. However, low, non-pro-apoptotic concentrations
of the HDAC inhibitor suberoylanilide hydroxamic acid (SAHA)
have been shown to inhibit cytokine production in vitro and in
vivo. We examined the effect of low concentrations of SAHA on
IL-18-mediated nitric oxide production in mouse peritoneal
macrophages and in RAW 264.7 cells. Combination of IL-18 plus
IL-12 induced a 10-fold stimulation of nitric oxide. By blocking
endogenous IL-18 with IL-18 binding protein (IL-18-BP) in peri-
toneal macrophages there was a 95% inhibition of TNFα/IFNg-
induced nitric oxide production. IL-18-BP also inhibited LPS-
induced nitric oxide production by 75%. In IL-12/IL-18 stimulat-
ed peritoneal macrophages, SAHA (25-200 nM) inhibited nitric
oxide and IFNg production. At 50 nM SAHA inhibited IL-12/18-
induced nitric oxide production by 70%, TNFα/IFNg-induced
nitric oxide production by 55%, LPS-induced nitric oxide produc-
tion by 40% and TNFα-induced IFNg production by 95%.
Importantly, SAHA inhibited IL-12/IL-18-induced nitric oxide in
RAW 264.7 cells by an IFNg-independent mechanism. SAHA did
not affect cell viability or induce apoptosis at these concentra-
tions, as determined by XTT assay and by propidium iodide DNA
staining, respectively. In conclusion, endogenous IL-18 appears to
be a proximal inducer of nitric oxide in macrophages. The reduc-
tion of nitric oxide by low nanomolar, non-pro-apoptotic concen-
trations of SAHA is via inhibition of IL-18 activity. Since micro-
molar concentrations of HDAC inhibitors are safely used in can-
cer therapy by virtue of their pro-apoptotic activity, low concen-
trations of these agents should be considered and studied as an
anti-inflammatory treatment. 

174
PROTHYMOSIN αα STIMULATES ENDOTHELIAL CELL
MIGRATION AND ANGIOGENESIS. Anna V. Khodyakova,
Lyudmila M. Khromykh, Raisa N. Vasilenko, Galina D.
Kozlovskaya, Anatoly M. Vasiliev, and Viacheslav M. Abramov.
Institute of Immunological Engineering, Lyubuchany, Moscow
Region, Russia.

Prothymosin α (ProTα) is a highly acidic 12.5- kDa protein. ProTα
has been traditionally regarded as a regulatory protein of cell immu-
nity. In this sense, ProTα enhances resistance to opportunistic infec-
tion, restores mixed lymphocyte responses in humans with active
multiple sclerosis, increases T-cell proliferation in response to sev-
eral antigens and protects thymocytes against apoptosis induced by
glucocorticoids. Its role in the regulation of the interrelations of the
immune, nervous and endocrine systems in provision of homeosta-
sis has been stated. We studied the influence of ProTα on endothe-
lial cell migration and angiogenesis. A culture of human endothelial
cells (HUVECs) derived from umbilical veins was used in the
experiments. ProTα enhanced the morphologic differentiation of
endothelial cells. In vitro, ProTα was a potent chemoattractant for
endothelial cells and monocytes. In vivo, ProTα stimulated angio-
genesis in a subcutaneous model. These data indicated that ProTα
could be used as a basal component for developed drugs perfecting
the trophism of organs and tissues. 
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ELIMINATION OF P53-DEFICIENT TUMOR CELLS VIA
IRF-1- AND IRF-5-MEDIATED CROSS-TALK BETWEEN

DNA DAMAGE AND DEATH RECEPTOR-SIGNALING
Betsy J. Barnes, Margo E. Mancl, Guodong Hu, Rajani Ravi, and
Atul Bedi, Department of Oncology, The Sidney Kimmel
Comprehensive Cancer Center, Johns Hopkins University,
Baltimore, MD, USA.  

A majority of human cancers have lost or inactivated the p53
tumor suppressor gene, a key determinant of cellular responses to
DNA damage inflicted by chemotherapeutic agents.  Using iso-
genic cancer cells that differ only in their p53 status, we demon-
strate that loss of p53 impairs DNA damage-induced expression
of the proapoptotic proteins, PUMA and Noxa, and renders can-
cer cells relatively resistant to the topoisomerase I inhibitor,
irinotecan (CPT-11).  However, p53-deficiency does not prevent
irinotecan-induced expression of interferon regulatory factors 1
and 5 (IRF-1 and –5), interferon (IFN) responsive transcription
factors that sensitize cancer cells to death receptor-mediated
apoptosis.  Irinotecan synergizes with the death receptor ligand,
Apo2L ligand/tumor necrosis factor-related apoptosis-inducing
ligand (Apo2L/TRAIL), to promote apoptosis of cancer cells
independent of p53.  While xenografts of p53-deficient cancer
cells are relatively resistant to irinotecan alone, combined treat-
ment with irinotecan and Apo2L/TRAIL eliminates hepatic
metastasis of both p53-proficient and p53-deficient cancer cells
in vivo and markedly improves animal survival.  These findings
identify IRF-1 and IRF-5 as channels for p53-independent cross-
talk between DNA damage- and death receptor-signaling, and
suggest that the addition of Apo2L/TRAIL or type I IFNs (α and
β) can improve the therapeutic index of chemotherapeutic agents
against p53-deficient cancers.
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CHARACTERISATION OF NOVEL INTERFERON SIG-
NALING PATHWAYS INVOLVED IN  INTERFERON
RECEPTOR CHAIN-SPECIFIC SIGNALING P.J.Hertzog,
J.E.Fenner, S.J.Noppert, S.Samarajiwa, B.Scott and C.Owczarek,
Centrer for Functional Genomics and Human Disease, Monash
Institute of Reproduction and Development, Monash University,
Clayton.Victoria.3168. Australia.

The mechanism whereby interferons (IFNs) generate their
diverse and cell-specific effects remains perplexing.  We have
gained insight into this issue through comparative studies of the
phenotypes, pathological responses and molecular signaling
capabilities of Ifnar1 and Ifnar2 deficient mice.  Both mice are
relatively healthy and normal except for mild but significant dif-
ferences in haemopoiesis - namely increased myeloid cells in
Ifnar1-/- mice and thymic enlargement and T cell subset abnor-
malities in Ifnar2-/- mice.  Ifnar1-/- mice are highly susceptible to
viral infection as extensively reported, whereas Ifnar2-/- mice are
less susceptible.  Ifnar1-/- mice are resistant to LPS mediated
septic shock highlighting the in vivo importance of IFN signaling
in TLR4-mediated responses. However, Ifnar2-/- mice are equal-
ly susceptible to LPS as wild-type mice.  Even the effects of the
negative regulator SOCS1 appear to selectively affect one Ifnar
chain only. Together our data indicate that each Ifnar chain can
transduce signals independently of the other chain and that these
signals have cell-specific physiological and pathological conse-
quences.  We have used gene profiling experiments to identify
sets of IFN-regulated genes that are induced in each knockout in
the absence of “conventional” JAK-STAT signaling.  There are a
significant number of genes that are induced by type I IFN selec-
tively in each Ifnar knockout. This data may be useful in trying to
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unravel or modulate the IFN signals that mediate specific physi-
ological or pathological outcomes.

177
MOLECULAR MECHANISMS UNDERLYING SENSITIV-
ITY OF GASTROINTESTINAL STROMAL TUMOR
CELLS (GIST) TO INTERFERONS (IFNS) Barbara Jacobs1,
Taolin Yi2, Mingli Cao2 and Ernest C. Borden1, 1Center for Cancer
Drug Discovery and Development, 2Cancer Biology, Cleveland
Clinic Foundation, Cleveland, Ohio, USA

Imatinib mesylate has improved median survival of patients with
metastatic GIST.  Since few complete remissions occur with ima-
tinib mesylate we have investigated the effects of combining
IFNs and imatinib mesylate in GIST cell cultures.  GIST cell
lines have proven sensitive to transcriptional gene modulation,
inhibition of cell proliferation, and induction of apoptosis by
interferons (IFNs).  Apoptosis may result in part from induction
of TRAIL and XAF-1 (8.0 and 3.5 fold respectively by RT-PCR).
To assess other mechanisms underlying these effects, GIST cells
were treated with 100 IU/ml of IFN-α2 and IFN-β for 24, 48, and
72hrs.  Western blots showed that IFN-β and to a lesser extent
IFN-α2 suppressed the expression of survivin, pAkt, c-kit, and p-
c-kit in GIST cells.  Neither IFN had any effect on the expression
level of PI-3 kinase p85α subunit or Akt.  The reduction in phos-
phorylation of signaling pathways in GIST may be a result of
IFN-stimulated phosphatases; in gene array studies in other cell
types phosphatase 2A, dual specificity phosphatase, and a tyro-
sine phosphatase were all increased.  In a cell type not anticipat-
ed to have marked sensitivity to apoptosis, these results suggest
that the reduction in phosphorylation of signaling pathways
(mutated c-kit activation) by IFNs at pharmacologically achiev-
able doses can lead to apoptotic cell death.
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TH1/TH2 BALANCE ANALYZED BY THE EXPRESSION
OF CCR5/CRTH2 ON PERIPHERAL CD4+T CELLS IN
CANCER A.Kishi1, Y.Mitsuishi1, A.Kokubo1, K.Nagata2,
H.Hirai2, K.Ogawa2, M.Iwasaki2, S.Fujita1, T.Kishida1, 1Louis
Pasteur Center for Medical Research, Kyoto, 350-1101, JAPAN
2R&D Center, BML, Saitama,350-1101, JAPAN

Aim: Th1 and Th2 cells represent two forms of the specific
CD4+T Th cell-mediated immune response, based on their pro-
file of cytokine production. In cancer immunotherapy, various
attempts have been performed to obtain an effective Th1-type cel-
lular immunity.  Recently, surface molecules such as CCR5(CC
chemokine receptor 5) or CRTH2 ( chemoattractant receptor-
homologous molecule) have been reported to be selectively
expressed on Th1 or Th2 cells, respectively. In this study, we
examined the expressions of CCR5 and CRTH2 on peripheral
CD4+T cells to monitor Th1 and Th2 balance in cancer.   
Method: Expressions of CCR5/CRTH2 on peripheral CD4+T
cells of cancer patients and healthy individuals were detected by
flow cytometry. IFN-γ, IL-4 production was measured by ELISA.
Results and Discussion: Expressions of CCR5/CRTH2 on
peripheral CD4+T cells were 10.2±7.2 /3.4±1.6 in cancer
patients, 14.4±6.9 /3.6±1.7 in healthy individuals, respectively.
The percentages of CCR5+ cells on CD4+T cells were signifi-
cantly lower in cancer patients than in healthy individuals, where-
as those of CRTH2+ cells showed no differences. CCR5/CRTH2
ratios were 3.7±3.2 in cancer patients and 4.6±2.8 in healthy indi-

viduals. Furthermore, a relatively strong correlation was
observed between CCR5/CRTH2 ratios and IFN-γ/IL-4 produc-
tion.  These results suggest that cancer patients might induce the
immunomodulation away from the Th1 paradigm towards the Th2
paradigm. 

179
OPTIMIZATION OF THE TET-ON SYSTEM TO REGU-
LATE INTERLEUKIN 12 EXPRESSION IN THE LIVER
FOR THE TREATMENT OF HEPATIC TUMORS Maider
Zabala, Lin Wang, Ruben Hernandez-Alcoceba, Wolfgang
Hillen*, Cheng Qian, Jesus Prieto and M. Gabriela Kramer.
University of Navarra-FIMA, Hepatology and Gene Therapy
Unit, 31008 Pamplona, Spain. *Institüt fur Mikrobiologie,
Biochemie und Genetik, Friedrich-Alexander Universität D-
91058 Erlangen, Germany. 

Introduction: Intratumor administration of short-term expres-
sion vectors encoding interleukin 12 (IL-12) can satisfactory
eradicate liver neoplasm in animal models, although little effica-
cy was shown in pilot clinical trials. Therefore, long-term expres-
sion of IL-12 within the liver may be advantageous. Due to toxi-
city of IL-12, vectors should contain systems for efficient gene
regulation. The Tet-on system is composed of a chimeric trans-
activator (rtTA2S-M2) and a doxycycline (Dox)-dependent
inducible promoter. In this work we pursued: a) the optimization
of Tet-on system for tight and liver-specific IL-12 regulation, and
b) its application for the treatment of hepatic tumors.
Methods: Gene expression was compared in hepatic cells trans-
fected with single plasmids carrying the rtTA2S-M2 controlled
by novel liver-specific promoters and the luciferase (Luc) gene
driven by modified inducible promoters. The vector allowing
optimal gene regulation was selected to control human or mouse
IL-12 expression and was transferred to mice using the hydrody-
namics-based procedure. Dox was administrated i.p. and IL-12
was measured in serum. CT26 cells were inoculated in Balb/c
livers and tumor growth was monitored in laparotomyzed mice.
Results: Basal activity of the Tet-on system was markedly
reduced by substituting the CMVm region of the inducible pro-
moter by a less active sequence. The strength of the promoter that
directs rtTA2S-M2 gene as well as the orientation of the two tran-
scription units in the same plasmid determined basal and final
reporter protein levels. In vivo administration of Dox enhanced
expression of hIL-12 in a dose-dependent manner and unde-
tectable levels were observed in the non-induced status. Gene
activation could be re-induced several times after plasmid admin-
istration, while sustained hIL-12 was achieved with daily infusion
of Dox. All mice (n=14) with metastatic colon cancer in the liver
treated with the vector encoding mIL-12 rejected the tumor when
given Dox for 10 days without any serious toxicity.
Conclusions: We have adapted the Tet-on system for tight control
of IL-12 within the liver and demonstrate the potential of a naked
DNA gene therapy strategy for the treatment of cancer.’
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HSP70 HAS STRONG IN VIVO ANTI-INFLAMMATORY
CAPACITIES: LESSONS FROM HSP70.1 KNOCKOUT
AND HSP70 TRANSGENIC MICE. Wim Van Molle1, Kenji
Sekikawa2, Marja Jäättelä3,George Kollias4 & Claude Libert1,
1Department for Molecular Biomedical Research, Ghent
University, Technologiepark 927, 9052 Ghent, Belgium,
2Department of Molecular Biology and Immunology, National
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Institute of Agrobiological Sciences, Tsukuba, 305-0856, Japan,
3Institute of Cancer Biology, Danisch Cancer Society,
Copenhagen, Denmark and 4Institute of Immunology, Biological
Sciences Research Center Alexander Fleming, Vari, Greece

TNF is a pleiotropic cytokine that holds a strong in vitro and in
vivo anti-tumor capacity, especially in combination with IFN-γ.
However, TNF also induces a Systemic Inflammatory Response
Syndrome (SIRS) when it is administered systemically. The
application of TNF as an anti-tumor drug is hampered by the
dose-limiting toxicities, viz. bowel necrosis, liver damage and
hypotension. We have recently demonstrated that applying a
whole body heat shock to mice induced high levels of HSP70 in
several organs and conferred significant protection against TNF-
induced toxicity and lethality (Van Molle et al., Immunity,
16,685-695, 2002). In the current study, we show that the simple
application of ZnSO4 in the drinking water of mice leads to an
increase in HSP70 in several organs and renders these mice
resistant against TNF-induced lethality. Application of ZnSO4

also conferred protection against TNF-induced toxicity. More in
particular, we observed a significant inhibition of TNF-induced
IL-6 and NO production, both indicative of an inflammatory con-
dition. ZnSO4 also remarkably prevented the severe TNF-
induced apoptosis of the jejunum. A proof that induction of
HSP70 is important for the conferred protection resulted from the
use of hsp70.1-/- mice, in which ZnSO4 failed to protect against
TNF-induced lethality and where no effects on NO or IL-6 induc-
tion could be observed. Finally, we also made use of hsp70tg
mice in which we demonstrate a moderate to strong production of
HSP70 in several organs. Challenging these mice with a lethal
dose of TNF revealed that the mice were refractory to TNF-
induced lethality. Furthermore, the TNF-induced NO and IL-6
production were significantly less as compared to wild type con-
trol mice. In conclusion, we show here that HSP70, whether
chemically or genetically up-regulated, prevents TNF-induced
toxicity and lethality. We are currently investigating whether
other factors are involved in the HSP70-mediated anti-inflamma-
tory characteristics.

181
NOVEL MICE WITH NEO-FREE LYMPHOTOXIN αα
GENE DELETION PRODUCE NORMAL LEVELS OF
SYSTEMIC TNF AND CALL FOR REASSESSMENT OF
THE ROLE OF LTαα IN HOST DEFENCE. Dmitry J.
Liepinsh1, Alexei V. Tumanov1,2, Sergei I. Grivennikov1,2, Lino
Tessarollo3, Dmitry V. Kuprash1,2, and Sergei A. Nedospasov1,2,
1Basic Research Program, SAIC-Frederick, Inc., and Laboratory
of Molecular Immunoregulation, Center for Cancer Research,
NCI-Frederick, Frederick, Maryland, USA. 2Laboratory of
Molecular Immunology, Engelhardt Institute of Molecular
Biology, Russian Academy of Sciences, Moscow, Russia, 3Mouse
Cancer Genetics Program, NCI-Frederick, Frederick, Maryland,
USA.

Lymphotoxin alpha knockout (LTα KO) mice display a wide
spectrum of striking abnormalities in the immune system, rang-
ing from nearly complete lack of peripheral lymph nodes, Peyer’s
patches, and severely disturbed splenic microarchitecture to
impaired affinity maturation, immunoglobulin class switching
and skewed humoral response to thymus-dependent antigens.
LTα KO mice are also susceptible to mycobacteria and other
intracellular pathogens, although to a lesser extent than TNF KO
mice. Interestingly, two independently generated LTα KO strains

also display prominent decrease in serum TNF levels upon in
vivo stimulation with lipopolysaccharide. One possible explana-
tion was that the neomycin resistance cassette within the targeted
LTα locus influences the nearby TNF gene. To test this hypothe-
sis, we exploited Cre-LoxP technology to generate new neo-free
LTα KO strain. We showed that conventional LTα KO mice, but
not neo-free LTα KO mice were resistant to LPS-D-gal toxicity,
reflecting their impaired ability to produce high levels of sys-
temic TNF. We also showed that activated macrophages from con-
ventional LTα KO mice, but not macrophages from neo-free LTα
KO mice failed to produce adequate amounts of TNF, while TNF
production by T cells was unaltered in both strains. T lympho-
cytes from both LTα KO strains displayed normal antigen-spe-
cific proliferation whereas IFN production by antigen-specific
CD4+ cells was comparably decreased relative to wild type litter-
mate controls. Total IgG response was significantly and compa-
rably decreased in both mouse strains. It remains to be seen
whether decreased IFN production in neo-free LTα KO mice will
be sufficient to reproduce the host defense phenotype of the con-
ventional LTα KO mice, when the TNF gene is fully functional.
In summary, the new neo-free LTα KO mice allow more accurate
dissection of LTα and TNF functions in vivo. Research in
Frederick is funded in part by DHHS #NO1-CO-12400.
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VITAMINS A AND E EFFECTS ON ΓΓ-INTERFERON PRO-
DUCTION AND PHAGOCYTOSIS DURING IN-VITRO
STIMULATION. 1Balram. Mahabir, Zenora Asgarali, Winthrop
Harewood2, Dan D. Ramdath3. 1Department of Para-Clinical
Sciences, 2Department of Clinical sciences, 3 Department of Pre-
Clinical Science Faculty of Medical Sciences University of the
West Indies St. Augustine, Trinidad. W.I.

Antioxidants have been shown to affect immune response to var-
ious pathogens, and may function in maintaining the oxidant to
pro-oxidant states necessary effective immune functioning. An
examination was conducted to determine the effects of antioxi-
dant vitamins A and E on in vitro γ-Interferon (γ-IFN) production
in whole blood, peripheral blood mononuclear cells (PBMC) and
also there effect on neutrophil phagocytosis. Whole blood or
PBMC (2 X 106 cells) was incubated for 18 hrs and 48 hrs respec-
tively with either RPMI, RPMI with vitamin A, RPMI with E, or
in combination of both vitamin A and E (100 micrograms/dl,
1000 micrograms/dl respectively), The antigenic stimulants used
were Concanavalin A (Con A), Phytoheamaglutinin (PHA),
Staphylococcus aureus (S. aureus) or Streptococcus (Strep).
Cellular responses by whole blood or PBMC were measured
using interferon gamma (IFN-γ) production measured by the
Bovigam - ELISA kit. The level of phagocytosis was determined
by nitro blue tetrazolium reduction. Analysis of results by paired
t-test showed improvement in phagocytosis with Vitamin A and E
or A/E combined (p≤0.00) when stimulated with S. aureus E. coli
and Streptococcus. This effect was significantly greater with vita-
min E (p≤0.00) and cumulative with vitamin A and E for S.
aureus. The effect of Con A at 5µg per and PHA at 5µg per cul-
ture well on γIFN production was significant (p≤0.05) with vita-
min E giving the most significant improvement (p≤0.00). The
live bacterial stimulants producing a much improved response
relative to Con A or PHA, with S. aureus producing the greatest
effect (p≤0.000). A similar effect was seen with the PBMC cul-
tures but both PHA and Con A gave improved results relative to
the live stimulants. It is notable that cumulative effects of vitamin
A an E was not observed in γ-IFN production. The data obtained
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thus show a significant improvement in immunological function
associated with increased levels of vitamin A and E.

183
BIOLOGICAL ACTIVITY OF INTERLEUKINS-28 AND -
29: COMPARISON WITH A TYPE I INTERFERON Tony
Meager, Meenu Wadhwa, Paula Dilger, Kumi Visvalingam,
Donna Bryan, Robin Thorpe. Division of Immunology and
Endocrinology, The National Institute for Biological Standards
and Control, Blanche Lane, South Mimms, Herts. EN6 3QG, UK.

Human interleukins 28A, 28B and 29 (IL-28A, IL-28B and IL-
29), comprise a small family of three, structurally-related,
cytokines, alternatively known as interferon lambdas (IFN-λs),
IFN-λ2, -λ3 and -λ1, respectively. They are distantly related to
the type I interferon (IFN) and interleukin-10 (IL-10) families.
Although IL-28A, -28B and -29 bind to different receptors to
type I IFNs, in common with type I IFN family members they
induce antiviral activity in susceptible human cells. However,
whilst most human cell lines were susceptible to type I IFNs, we
found a more limited subset thereof susceptible to IL-28/29 with
respect to the induction of antiviral activity. Moreover, sensitivi-
ty was much lower to IL-28/29 than to the type I IFN, IFN-α2b;
also sensitivity to IL-28A) was 2-10- fold lower than to IL-29.
Additionally, we showed that IL-28/29-induced protein MxA
from A549 cells, or secreted alkaline phosphatase (SEAP)
expressed from a cell line transfected with type I IFN inducible
promoter sequences linked to the SEAP gene, but more weakly
than with IFN-α2b. However, we were unable to demonstrate that
IL-28/29 have antiproliferative activity in cell lines such as the
human Burkitt’s lymphoma cell line Daudi, that are growth inhib-
ited by type I IFNs. Detection of messenger (m) RNA of IL-28/29
receptor subunits, IL-28Rα and IL-10Rβ, demonstrated that only
susceptible cell lines expressed both of these and that unrespon-
sive cell lines, either in antiviral or antiproliferative assays for IL-
28/29 lacked one or both receptor subunit mRNAs. Our findings
indicate that the biological activity of IL-28/29 is likely more
cell-specific and is dependent on cognate receptor expression. 

184
PATTERN RECOGNITION OF CANDIDA ALBICANS:
RECOGNITION OF MANNAN RESIDUES BY TOLL-
LIKE RECEPTORS AND MANNOSE RECEPTOR M.G.
Netea1, C.A. Munro2, S. Bates2, N. Gow2, D.L. Williams3, J.W.M.
Van der Meer1, B.J. Kullberg1; 1University Medical Center St.
Radboud, Nijmegen, Netherlands, 2Institute of Medical Sciences,
University of Aberdeen, Aberdeen, United Kingdom, 3Department
of Surgery, East Tennessee State University, Johnson City, TN. 

Background. Mannoproteins of Candida albicans play an
important role for the cellular recognition. The aim of this study
was to investigate the structure-function relationships involved in
the induction of proinflammatory cytokines by C. albicans
mannoproteins.
Methods. Release of the proinflammatory cytokines TNF, IL-6,
and IFNγby human mononuclear cells (MNC) stimulated with C.
albicans was measured by ELISA.
Results. Cytokine release was inhibited by 60% by purified man-
nan (p<0.05). The N-glycosylation defective Och1 mutant
induced 80% less cytokine release compared to wild-type
Candida (p<0.01). The defective O-linked mannosyl side chains
in the Mnt1/Mnt2 double-mutant resulted in 35% less cytokine

production (p<0.05). In contrast, the Mnn4 mutant lacking the
acid-labile phosphomannan induced normal amounts of
cytokines. Blockade of the mannose receptor (MR) and Toll-like
receptor-4 (TLR4) with specific antibodies resulted in inhibition
of cytokine release with 80% and 40%, respectively (p<0.05).
Anti-MR antibodies lost their inhibitory effects in mutants lack-
ing N-linked (but not O-linked) mannosyl residues, suggesting
that MR mediates recognition of N-linked mannosyl branching.
In addition, anti-TLR4 antibodies lost their effects when MNC
were stimulated with mutants lacking O-linked (but not N-linked)
mannosyl residues, suggesting interaction of O-mannosylation
branches with TLR4. No role for TLR2 and DC-SIGN for the
induction of cytokines by Candida was seen.
Conclusions. Mannosyl residues linked to surface mannopro-
teins are crucial for the induction of cytokine production by C.
albicans. Cooperation of MR and TLR4 for the induction of
cytokine release by Candida involves specific recognition of N-
linked and O-linked mannosyl residues, respectively. 

185
RECOGNITION OF CRYPTOCOCCUS NEOFORMANS BY
TOLL-LIKE RECEPTORS Mihai G. Netea, Anne-Marie
Brouwer, Jos W.M. Van der Meer, Bart-Jan Kullberg, Department
of Medicine, University Medical Center St. Radboud, and
Nijmegen University Center for Infectious Diseases, Nijmegen,
The Netherlands

Infection with Cryptococcus neoformans is mostly asymptomatic
due to activation of monocytes and macrophages by proinflam-
matory cytokines. Little is known about the cellular receptors
involved in this process. Recently, the glucuronoxylomannan
component of the cryptococcal capsule has been shown to bind
Toll-like receptor (TLR)4 and induce NF-kB translocation, but
this interaction did not result in TNFmRNA trasncription and
cytokine production. The aim of the present study was to investi-
gate the role of the adaptor molecule MyD88, as well as TLR2
and TLR4, for mediating stimulation of proinflammatory
cytokine production by whole C. neoformans microorganisms.
Stimulation of murine peritoneal macrophages for 24h with C.
neoformans induced a significant production of TNF, IL-6 and
IL-10. Whereas production of the antiinflammatory cytokines IL-
6 and IL-10 was roughly equal between C. neoformans, S. pneu-
moniae and C. albicans, the release of TNF induced by
Cryptococcus was significantly lower compared with that of the
other two micororganisms. This resulted in a significantly lower
TNF/IL-10 ratio after stimulation with C. neoformans (7 + 3)
compared with S. pneumoniae (134 + 22) and C. albicans (15 +
4), respectively (p<0.05). In addition, C. neoformans stimulated
70 to 80% less cytokine production in the murine macrophages of
MyD88-/-, compared with the MyD88+/+ control mice (p<0.01).
In contrast, peritoneal macrophages isolated from the TLR2-/-
mice displayed a cytokine production after stimulation with C.
neoformans similar to that to that of control TLR2+/+ mice
(p>0.05). Peritoneal macrophages isolated from TLR4-deficient
ScCr mice stimulated with C. neoformans produced 50 to 85%
less TNF, IL-6 and IL-10 compared with cells isolated from con-
trol TLR4+/+ mice (p<0.05). In conclusion, the present study
shows that C. neoformans stimulates a cytokine pattern skewed
towards antiinflammatory cytokines, when compared with other
microbial stimuli. The release of both pro- (TNF) and antiinflam-
matory cytokines (IL-6 and IL-10) was mediated through
MyD88-dependent mechanisms. In addition, production of
cytokines induced by Cryptococcus is mediated through TLR4-
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dependent signals, whereas TLR2 does not seem to be involved
in this stimulation.

186
APOPTOSIS INDUCED BY PROTEASOME INHIBITORS
IN B-CLL CELLS IS ASSOCIATED WITH
DOWNREGULATION OF CD23 AND INACTIVATION OF
NOTCH2 Markus Düchler2 , Josef D. Schwarzmeier1,2, Medhat
Shehata2, Martin Hilgarth1, and Rainer Hubmann2. 1University of
Vienna, Clinic of Internal Medicine I., Dept. Hematology,
Waehringer Vienna, Austria. 2Ludwig Boltzmann Institute for
Cytokine Research, University of Vienna, Vienna, Austria.

Abstract
Recently, proteasome inhibitors (PI) have attracted interest as
novel anticancer agents in B-cell chronic lymphocytic leukemia
(B-CLL) as inhibition of the proteasome selectively induces
apoptosis in B-CLL cells. A prominent feature of B-CLL cells is
the high expression of CD23 which is closely related to Notch2
signaling. Since many components of the Notch signaling cas-
cade are regulated by the 26S proteasome, we studied the effect
of PI on Notch2 activity. Upon exposure of B-CLL cells to PI,
transcriptionally active nuclear Notch2 (Notch2IC) gradually dis-
appeared as shown by electrophoretic mobility shift assays. This
process was accompanied by a down-regulation of the mRNA for
the Notch2 target gene CD23a, and loss of CD23 surface expres-
sion. We found a direct correlation between the disappearance of
CD23 from the surface of the malignant cells and the rate of
apoptosis induced by PI. The sensitivity of the leukemic cells
from different B-CLL cases to PI-induced apoptosis inversely
correlated with the amount of the Notch2 complex in band shift
assays. PI-mediated inactivation of Notch2 occurred as a specif-
ic process as NF-AT, another transcription factor complex, was
only slightly affected and the surface expression of its target gene
CD5 remained unchanged. Inhibition of the apoptotic process by
caspase inhibitors did not prevent Notch2 inactivation and CD23
downregulation thus demonstrating that the observed effects
occur early in the apoptotic cascade. In a Notch2 “gain-of-func-
tion” model, BL41 cells stably transfected with constitutively
active Notch2 showed increased resistance toward PI-induced
apoptosis as compared to non-transfected cells. Our results indi-
cate that in B-CLL cells proteasome inhibitors interfer with
Notch2 signaling and decrease CD23 expression in parallel to the
induction of apoptosis. The protective function of Notch2 in a
human B-cell line suggests that loss of Notch2 signaling might be
required for the full apoptotic response to proteasome inhibitors.

187
PRODUCTION AND CHARACTERIZATION OF AN
ANTI-HUMAN INTERLEUKIN-6 TANDEMAB: A HIGH
AFFINITY IL-6 BLOCKER. Eric J. Smith, Ashique Rafique,
Xia Liu, Aldo Coppi, Warren Mikulka, Tammy Huang, Laura
Carpenter, and Margaret Karow.  Regeneron Pharmaceuticals,
INC., Tarrytown, NY USA.

Interleukin-6 (IL-6) is a pleiotropic cytokine that plays a role in
both immune response and inflammation.  In addition, IL-6 has
been implicated in a number of diseases, including rheumatoid
arthritis, Castleman’s disease, and multiple myeloma.  While
inhibitory antibodies have been generated against IL-6, it has
been difficult to isolate high affinity antibodies.  Here we
describe the production of a TandemAb which targets and inhibits

human IL-6 with high affinity.  The anti-IL-6 TandemAb is an
antibody based molecule, constructed using Regeneron’s Trap
technology.  It consists of an in-line fusion of two independent
single chain variable fragments (scFvs) which recognize different
epitopes of human IL-6.  Specific scFv combinations are shown
to increase the affinity of the TandemAb molecules 100 fold over
the original parental antibodies.  The lead TandemAb construct
(8/6) shows a KD of 5 pM as measured by biacore. The 8/6
TandemAb also shows good PK, with a T1/2 = 66 hours.  In vitro
bioassay data indicates that TandemAb constructs are capable of
inhibiting an IL-6 dependent growth response, with the 8/6 con-
struct having an IC50 of 1-2 pM.  Moreover, these constructs are
also active in vivo, showing a complete inhibition of the acute
phase response to administered IL-6.  Taken together, these
results indicate that the TandemAb format is a promising new
approach to generating high affinity molecules capable of inhibit-
ing cytokine action.

188
CELL BASED ASSAYS FOR INTERLEUKIN-6 AND
INTERLEUKIN-8 CYTOKINE PRODUCTION IN FUNC-
TIONAL STUDIES Heinz Niggli, Samuel Gaveriaux, Denis
Eichlisberger, Bruno Cenni, Helmut Sparrer, Arthritis and
Transplantation Department, Novartis Institute of Biomedical
Research, Basle, Switzerland

Experimental studies performed in high throughput call for easy
to use cytokine assays. Here, we report the application of the
HTRF® interleukin-6 (IL-6) and interleukin-8 
(IL-8) cytokine detection kits (CIS bio International, France)
using different cell lines, stimuli and experimental settings. HeLa
cells secrete up to 3000 pg/ml IL-6 upon stimulation with 10-30
ng/ml TNFα or interleukin-1 (IL-1), respectively. The cellular
stimulation was run in 96-well plates with 50’000 cells per well.
IL-6/IL-8 can be detected from the supernatant or by adding
reagents to the wells including the cells. The time-course of IL-6
production is rapid and completed within 2 hours. Fibroblast cell
lines can be induced to produce IL-6 with a with a similar proto-
col as HeLa cells, although with slower kinetics. Human mono-
cytic cell lines like THP1 and 28SC require LPS as a stimulus for
IL-6 secretion. Following PMA differentiation, 600-1’000 pg/ml
IL-6 is secreted after 12 h stimulation with 10 µg/ml LPS, again
using 50‘000 cells per well. The secretion of IL-8 from TNFα-
stimulated THP1 cells was optimized and found to be strongly
synergized by Interferon-γ.
IL-6 and IL-8 transcription is driven by NF-κB and the respective
signaling cascades of  TNFα, IL-1 and LPS. Blocking these path-
ways either with low molecular weight compounds or siRNAs
against different targets results in a dose-dependent decrease of
IL-6 and IL-8 secretion. This allows detailed characterization of
genes as well as chemical inhibitors involved  in these signaling
pathways.
Taken together, the IL-6 and IL-8 HTRF® cytokine assays allow
easy, cost-effective and fast determinations of IL-6 and IL-8 lev-
els in a variety of functional and cellular applications.  The
homogenous format and the ability to miniaturize to a final vol-
ume of 20 microliters allow routine testing in low, medium and
high throughput.

189
EVOLUTION OF DNA RECOGNITION BY NF-ΚB TRAN-
SCRIPTION FACTORS Jane Linnell1, Simon Field1, Hans
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Ackermann1, Richard Mott1, Jiannis Ragoussis1 and Irina A.
Udalova1,2, 1Wellcome Trust Centre for Human Genetics, Oxford
University, Oxford, UK, 2Kennedy Institute of Rheumatology,
Imperial College, London, UK

NF-κB/Rel family of transcription factors are essential in host
inflammatory response to microbial infection and act down-
stream of independent signalling pathways. Our aim is to investi-
gate how structurally similar members of the NF-κB/Rel family,
which consists of 5 mammalian and 3 drosophila proteins, may
specifically regulate subsets of genes.  
To quantitatively analyse DNA-protein interactions we have
developed a high throughput quantitative experimental platform
based on protein microarray binding technology and a novel sta-
tistical modelling which is sensitive to subtle differences in bind-
ing specificity of homologous transcription factors. We now com-
plement this platform with a large scale kinetic analysis of pro-
tein-DNA interactions using a surface plasmon resonance. Thus,
we achieve an effective estimation of a transcription factor
absolute binding affinity to many DNA variants and verify the
accuracy of binding profiling by two independent detections
methods (fluorescence and optical properties). 
Here we present data generated by comprehensive DNA binding
profiling of alternative NF-κB complexes and demonstrate that
functionally divergent NF-κB proteins have more distinct
sequence preferences. Our data also provide the basis for better
understanding of cis- and trans- regulatory changes that con-
tribute to the evolution of gene regulation. Previously we have
identified a polymorphic segment of the human IFN-γ promoter
region where the NF-κB binding site originated from insertion of
transposable element approximately 30 MYA. Sequence compar-
isons and examination of protein-DNA interactions across nine
different primate species indicated that binding of NF-κB pro-
teins to this cis-regulatory region has evolved through a series of
DNA mutations after the insertion. Here we compare amino acid
sequences of NF-κB proteins across the species and examine the
role of trans-regulatory changes in protein-DNA interactions.

190
ENERGETICALLY INDEPENDENT CHAPERONE-
USHER PATHWAY FORMATION OF CAF1 DIMERS,
FUNCTIONING AS YERSINIA PESTIS STEALTHY
ADHESIN OR IL-1-LIKE BACTERIOKINE. Anatoly M.
Vasiliev, Natalya L. Kulikova, Sergey N. Tereshin, Vadim K.
Sakulin, Raisa N. Vasilenko, Igor V. Kosarev, Valentin S.
Khlebnikov, Andrey V.Karlyshev, Vladimir N. Uversky, Valentin
I. Evstigneev and Viacheslav M. Abramov. Institute of
Immunological Engineering, Lyubuchany, Moscow Region,
Russia. 

Yersinia pestis Caf1 protein is a species-specific protective anti-
gen and a component of all the known anti-plague vaccines.
According to the DASM data, Caf1 dimer formation and poly-
merization in the solution was an unprompted (exothermic)
process. In case of chaperone participation in Caf1 dimer forma-
tion, the polymerization was blocked, and the potential energy of
dimer polymerization was preserved in a Caf1M-Caf1 dimer
complex. Complex with an excess of potential polymerization
energy was able to transfer Caf1 dimer to Caf1A usher-protein
forming a dimer translocational channel for the capsule building
on the outer membrane. Taking “the first” dimer from the chap-
erone, the usher transported it through the outer membrane, stay-
ing in a tight contact with it (Kd≈10-10M). The energy released

during the formation of a bond between the usher and exposed
outside “the first” dimer made that process thermodynamically
beneficial. Such Caf1 dimers interacted with IL-1R and could
perform a function of stealthy adhesins providing a tight contact
of Y.pestis with a host cell needed for the initiation of the third
type bacterial secretion system. Caf1 dimers on the surface of the
polymer capsule could easily be transferred into a soluble state.
They could bind to IL-1 receptors on the host immunocompetent
cells and stimulate the synthesis of proinflammatory cytokines. 

191
A COOPERATIVE STRUCTURE OF YERSINIA PESTIS
LCRV BACTERIOKINE. Anatoly M. Vasiliev, Valentin S.
Khlebnikov, Natalya L. Kulikova, Sergey N. Tereshin, Sergey A.
Potekhin, Raisa N. Vasilenko, Igor V. Kosarev, Andrey V.Karlyshev,
Vladimir N. Uversky, Grigory Ya. Scherbakov and Viacheslav M.
Abramov. Institute of Immunological Engineering, Lyubuchany,
Moscow Region, Russia.

LcrV is a pathogenicity factor of Yersinia pestis having bacte-
riokine properties. Cooperative structure of LcrV and its mutants
was studied using differential adiabatic scanning microcalorime-
try under a wide range of conditions. The protein is most stable
at pH 9. At low pH values the protein lacks its tertiary structure.
Analysis of calorimetric data obtained at neutral pH demonstrat-
ed that heat denaturation of LcrV under these conditions is a one-
stage cooperative kinetic process. That means that protein struc-
ture under these conditions is metastable at increased tempera-
ture, and seemed temperature of denaturation is determined by
kinetic factors. pH increase results in acceleration of denaturation
process and in approaching of calorimetric experiments to the
equilibrium conditions. Up-regulation of solution ionic strength
slows down the rate of conversion between the native and denat-
urating state, that in its turn makes the denaturation process
unbalanced even at high pH values. Thermodynamic and kinetic
parameters of denaturation process were measured. Exceeding of
activation energy over  the denaturation enthalpy points to the
fact that the reason of the absence of protein visible convertibili-
ty is slowing of renaturation rate at temperature decrease.
According to the data of circular dichroism, LcrV mutants pre-
served elements of the secondary structure of the full-sized pro-
tein, but lost the cooperativity of their interactions. 

192
MECHANISM OF INTERLEUKINE-4 REGULATED PRO-
LIFERATION AND HOMING OF CD8+ T CELLS Ailin Bai1,
Hui Hu1, Herman N. Eisen1, and Jianzhu Chen1, 1Center for
Cancer Research, Massachusetts Institute of Technology,
Cambridge, MA, USA

Exposure to interleukine-4 (IL-4) during activation has previous-
ly been shown to enhance the development of long-term CD8
memory T cells. The underlying mechanism is investigated in this
study. Gene expression analysis revealed that unlike other
cytokines that bind the common g chain (gc) receptors, IL-4
inhibited re-expression of the transcription factor lung kruppel-
like factor (LKLF). The absence of LKLF-mediated inhibitory
effect correlates with sustained proliferation of IL-4-treated CD8
T cells in the culture. IL-4 also potently down-regulates L-
selectin expression. Correspondingly, adoptively transferred CD8
T cells that have been culture in IL-4 exhibit delayed homing to
secondary lymphoid organs. During the first 48 hours following
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adoptive transfer, IL-4-teated CD8 T cells are mostly excluded
from the peripheral blood. mRNA analysis indicates the expres-
sion of the sphingosine-1-phosphate receptor S1P1 is down-reg-
ulated during T cell activation and remains low in the presence of
IL-4. The direct causal relationship between changes of gene
expression and the proliferation and homing behaviors of CD8 T
cells is further investigated by reconstitution of the missing mol-
ecules with retroviral vectors expressing corresponding genes. In
addition, gene expression changes in donor cells that eventually
home to lymphoid organs are examined. 

193
INTERLEUKIN-21: A GROWTH FACTOR ESSENTIAL
FOR T-CELL HOMING Sylvie Ferrari-Lacraz*, Donald C.
Foster†, Rachel Chicheportiche*, From the *Division of
Immunology and Allergy, Department of Internal Medicine,
University Hospital, Faculty of Medicine, 1211 Geneva,
Switzerland, †Zymogenetics, Seattle, WA

Of the large number of cytokines released during the develop-
ment of the immune response, T cell growth factors (TCGFs)
such as interleukin-2 (IL-2), IL-15 and IL-21 play major and dis-
tinct parts in T-cell activation. These TCGFs determine whether
activated T cells undergo apoptosis or persist as regulatory/mem-
ory cells after robust immune activation, the key to peripheral T-
cell homeostasis.
IL-21 is a major TCGF and part of the innate and adaptive
immune response. IL-21 co-stimulates naïve, but not memory T
cells, contrary to IL-15 that is a major stimulus of memory CD4+

and particularly CD8+ T cells. Unlike IL-2 and IL-15, IL-21 has
no significant proliferative effect on T cells in the absence of anti-
CD3 or other stimuli. Here we demonstrate that IL-21 plays a
potent role in maintaining the naïve phenotype of human CD4+ T
lymphocytes, with the persistence of specific cell-surface mark-
ers. PBMC were isolated from healthy young donors, CD45RO-

(naïve) and CD45RO+ (memory) CD4+ T cells were subsequently
isolated on a FACSvantage‚ sorter. The selected CD4+ cells were
cultured for up to 3 weeks with IL-2 or IL-21. The phenotype of
naïve and memory CD4+ T cells was assessed by immunofluores-
cence. Markers such as CD45RA, CD27, CD62L and particular-
ly CCR7 were clearly upregulated in CD4+ T cells cultured with
IL-21 as compared to IL-2. Less than 1% of CD4+ T cells cultured
with IL-2, but 43% of CD4+ T cells cultured with IL-21 express
CD45RA at day 21. This means that the majority of naïve CD4+

T cells cultured with IL-2 switched to a CD45RO+ memory cell
phenotype by day 21. The expression of CCR7 on CD4+ T lym-
phocytes cultured with IL-21 induces the migration of these cells
through the chemoattraction of CCL21. The expression of other
chemokine receptors is also increased on the cell-surface of T
lymphocytes cultured with IL-21, at both messenger and protein
levels. 
Therefore, IL-21 is a unique TCGF able to maintain CD4+ T lym-
phocytes under a naïve phenotype, to increase their cell-surface
expression of CCR7 and their migration through chemoattraction
to CCL21, and to induce the expression of chemokine receptors
for inflammatory chemokines. These findings suggest that IL-21
may play a unique role in innate and adaptive immune response
due to the persistence of naïve T lymphocytes.

194
PRO-INFLAMMATORY EFFECTS OF TH2 CYTOKINES
IN MICE WITH EXPERIMENTAL CROHN’S DISEASE

Giorgos Bamias1, Margarita Mishina1, Charles Martin III1, Jesus
Rivera-Nieves1, and Fabio Cominelli1, 1Digestive Health Center of
Excellence, University of Virginia, Charlottesville, VA, USA.

Strict TH1 polarization is believed to underlie the pathogenesis of
intestinal inflammation in Crohn’s disease (CD).  In the present
study we tested the hypothesis that TH2 cytokines may also par-
ticipate in disease development in SAMP1/YitFc mice that spon-
taneously develop terminal ileitis, which shows clinical, histolog-
ical, and immunological similarity to CD.  Cytokine mRNA
expression was studied by real-time PCR.  Lamina propria
mononuclear cells (LPMCs) were purified and stimulated
cytokine secretion analyzed.  Blockade of IFN-γ or IL-4 was per-
formed using specific neutralizing mAbs.  CD4+/IL-4-secreting
lymphocytes were purified from SAMP1/YitFc mesenteric
lymph nodes (MLNs) and their ability to induce ileitis in SCID
recipients was investigated.  Our results showed that initiation of
ileitis in SAMP1/YitFc mice was TH1-mediated, since upregula-
tion of IFN-γ and TNF preceded the histological injury, whereas
IFN-γ neutralization prevented the development of chronic
inflammation (p<0.005) by interfering with the expansion of lym-
phocytes.  In contrast, the establishment of chronic ileitis coin-
cided with significant increases in IL-5 (×35) and IL-13 (×29)
mRNA expression (p<0.005), elevated GATA3/T-bet mRNA ratio
(p<0.05 vs. control), as well as higher secretion of IL-4, IL-5 and
IL-13 by small intestinal LPMCs (p<0.05 vs. controls).  In addi-
tion, IL-4 blockade significantly ameliorated the severity of
established ileitis (p<0.05) primarily by restoring the villous
architecture and active inflammatory components.  IL-4 was
shown to exert pro-inflammatory effects in the mucosal immune
system, since anti-IL-4 blockade diminished the ileal expression
of IFN-γ, whereas IL-4 stimulation of cultured MLN lympho-
cytes upregulated the mRNA and protein expression of IFN-γ.
Finally, purified, IL-4-secreting CD4+ lymphocytes from
SAMP1/YitFc mice with ileitis adoptively transferred ileitis to
SCID recipients, through the induction of a TH1 response.  Our
results show that spontaneous ileitis in SAMP1/YitFc mice is
dependent upon both TH1 and TH2 cytokines.  We speculate that
combined TH1/TH2 manipulation may offer a therapeutic advan-
tage for the treatment of CD.

195
TRANSFORMING GROWTH FACTOR beta-1 HAPLOIN-
SUFFICIENCY MAY PROMOTE TUMORIGENESIS IN
CALCINEURIN Aββ DEFICIENT MICE Ramireddy
Bommireddy1, Orlando Bueno2, Ilona Ormsby1, Greg. P. Boivin3,
Jeff. D. Molkentin2, George F. Babcock4 and Thomas
Doetschman1. 1Departments of Molecular Genetics,
3Comparative Pathology, and 4Surgery, University of Cincinnati
College of Medicine, Cincinnati, OH, USA. 2Division of
Molecular Cardiovascular Biology, Children’s Hospital Medical
Center, and 4Shriners Hospital for Children, Cincinnati, OH,
USA.

Transforming growth factor beta 1 (TGFβ1) deficient mice
(Tgfb1-/- mice) succumb to T-cell mediated severe multi-organ
inflammatory autoimmune disease within 3 wks after birth. In
order to rescue Tgfb1-/- mice from the early lethality we combined
Tgfb1+/- mice with Calcineurin Aβ knockout (Cnab KO) mice
since Cnab KO mice have reduced numbers of mature T cells in
the lymphoid organs, and T cells are hyporesponsive to stimula-
tion. Unlike Tgfb1-/- mice that develop severe inflammation,
Tgfb1-/- Cnab-/- mice (double knockout mice) develop only mild
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inflammation but do not live longer because of wasting syndrome
which could be due to the global effects of these two important
molecules. Preliminary studies indicate that of 3 Tgfb1+/+ Cnab-/-

mice (6-8 mos of age) none had cecal/colonic lesions, but each
had either lymph node hyperplasia, lymphoma or metastatic lym-
phoma as their most severe lymphoid lesion. Of 10 Tgfb1+/- Cnab-

/- mice, 2 had no cecal/colonic lesions and 5, 2 and 1 had their
most severe cecal/colonic lesion as hyperplasia, adenoma and
carcinoma, respectively. In the lymph nodes, 2, 3 and 2 Tgfb1+/-

Cnab-/- mice had as their most severe lymphoid lesion hyperpla-
sia, lymphoma and metastatic lymphoma, respectively. The data
suggest that haploinsufficiency of Tgfb1 enhances cecal/colonic
tumorigenesis in Cnab-deficient mice, while deficiency in Cnab
alone can lead to lymphomas. Whether Tgfb1 haploinsufficiency
also enhances lymphoid tumorigenesis in Cnab-/- mice has yet to
be determined. Expression of early activation marker CD69 but
not CD25 on CD4+ T cells is increased. Deficiency of Treg cells
(CD4+CD25+ T cells) in these mice may lead to activation and
expansion of CD4+ T cells which cause inflammation in colon,
cecum, liver, lungs and salivary glands, and cancer in lymphoid
organs and large intestine.

196
DIFFERENT MOLECULES AT THE SURFACE OF STIM-
ULATED T CELLS INDUCE IL-1ββ, TNF AND IL-1RA IN
HUMAN MONOCYTES Danielle Burger, Nicolas Molnarfi,
Lyssia Gruaz, and Jean-Michel Dayer, Division of Immunology
and Allergy, Clinical Immunology Unit, Faculty of Medicine,
University Hospital, Geneva, Switzerland

Imbalance in cytokine homeostasis is thought to play an impor-
tant part in the pathogenesis of chronic inflammatory diseases
such as multiple sclerosis and rheumatoid arthritis. We demon-
strated that T cells might exert a pathological effect through direct
cellular contact with monocyte-macrophages, inducing a massive
up-regulation of IL-1β and TNF. We showed that this mechanism
that might be relevant to chronic inflammation is specifically
inhibited by high-density lipoproteins (HDL). Like many other
stimuli, besides proinflammatory cytokines, the contact-mediat-
ed activation of monocytes induces the production of cytokine
inhibitors such as IL-1Ra. HDL inhibited the production of IL-1β
and TNF but not that of IL-1Ra induced in monocytes activated
by membranes isolated from stimulated T cells to mimic cellular
contact. This was also the case in PBMC stimulated by either
phytoheamagglutinin (PHA) or tetanus toxoid. Similarly, IL-1Ra
mRNA expression was not inhibited contrary to IL-1β and TNF
mRNA. This demonstrates that different molecules at the surface
of stimulated HUT-78 cells are involved in the induction of IL-
1β, TNF and IL-1Ra in monocytes, IL-1β and TNF being acti-
vated by HDL specific ligand(s). Separation of CHAPS-solubi-
lized membrane molecules by liquid isoelectric focusing showed
that 2 activity peaks were present, one activating IL-1β, TNF and
IL-1Ra production, the other inducing the production of IL-1Ra
in the absence of IL-1β and TNF. Further isolation of these two
types of factor by gel filtration demonstrated that factor(s) induc-
ing IL-1β, TNF and IL-1Ra displayed a Mr around 40,000 kD,
whereas factors inducing IL-1Ra only displayed Mr around
70,000 kD and 30,000 kD. Thus different factors are expressed at
the surface of stimulated T cells that differentially trigger the pro-
duction of pro- and anti-inflammatory factors and are differently
affected by HDL. This further confirms the anti-inflammatory
function of HDL.

197
ABX10131: A FULLY HUMAN ANTI-HUMAN TNFαα
MONOCLONAL ANTIBODY GENERATED USING
XENOMOUSE® AND XENOMAX® TECHNOLOGIES.
Raffaella Faggioni1, John Babcook2, Eleni Douni3, Jaspal  Kang2,
Amy K. Schneider3, Kathy Manchulenko2, Palaniswami
Rathanaswami2, George Kollias3, and Giorgio Senaldi1. 1Abgenix
Inc., Fremont, CA, USA ; 2Abgenix Biopharma, Vancouver, BC,
Canada; and 3Institute of Immunology, Biomedical Sciences
Research Centre ‘Al. Fleming’, Vari, Greece.

ABX10131 is a fully human anti-human TNFα IgG1/k mAb gen-
erated by immunizing mice carrying human IgH and Igk loci
(XenoMouse® technology) and by screening and rescuing single
antigen-specific B cells with the selected lymphocyte antibody
method (XenoMax® technology).  ABX10131 was characterized
along with other anti- TNF molecules, infliximab, adalimumab
and etanercept.  ABX10131 binds to soluble TNFα with high
affinity (Table) and to membrane-bound TNFα.  ABX10131 neu-
tralizes TNFα in vitro with inhibition of TNFα-induced apopto-
sis of MCF-7 cells and IL-8 production by whole blood (Table).
In mice, ABX10131 inhibits TNFα-induced IL-6 production and
liver damage. ABX10131 prevents the spontaneous development
of arthritis in two strains of human TNFα transgenic mice. In
Tg197 mice, which express wild-type TNFα, ABX10131 inhibits
arthritis development with a dose dependent effect. At the dose of
10 mg/Kg, ABX10131 completely prevents arthritis. Similar
results are seen with infliximab and adalimumab, but etanercept
is only partially effective. In addition, ABX10131 blocks disease
progression when administered therapeutically to Tg197 mice
already showing signs of arthritis.  
In Tg5453 mice, which express a membrane-associated mutant
version of TNFα, ABX10131, infliximab and adalimumab com-
pletely inhibit arthritis development, but etanercept is only par-
tially effective. In summary, ABX10131 is a highly potent
inhibitor of human TNFα in vitro and in vivo.  Compared to the
anti-TNF MAbs infliximab and adalimumab, ABX10131 is fully
human, has higher affinity and improved in vitro potency.
Compared to etanercept, ABX10131 has improved in vivo poten-
cy.  ABX10131 may prove to be a useful anti-TNF therapeutic. 
_________________________________________________________________

Affinity (KD pM) In vitro Potency (IC50 pM)
___________________  _______________________________

KinExA Apoptosis IL-8
_________________________________________________________________

ABX10131 3.20 1.6 ± 1.3 131 ± 9
Infliximab 14.14 31.7 ± 20.4 546 ± 65
Adalimumab 1.65 34.5 ± 8.3 896 ± 159
Etanercept 1.23 2.2 ± 0.8 166 ± 32  

_________________________________________________________________

198
IDENTIFICATION OF ARTHRITIS RERATED GENE
CLUSTERS IN RHEUMATOID ARTHRITIS MODEL
MICE USING MICROARRAY ANALYSIS Noriyuki
Fujikado1, Shinobu Saijo1, Michiyasu Takeyama2, Reiko Sasada2

and Yoichiro Iwakura1, 1Center for Experimental Medicine,
Institute of Medical Science, University of Tokyo, Tokyo, Japan,
2Takeda Chemical Industries, Ltd., Tsukuba, Japan

Rheumatoid arthritis (RA) is a typical autoimmune disease.
Previous reports from our laboratory show human T cell
leukemia virus type 1 (HTLV-I)-transgenic (Tg) mice and

62 INTERNATIONAL CYTOKINE SOCIETY



Interleukin-1 receptor antagonist (IL-1 Ra)-knockout (KO) mice
develop autoimmunity and joint-specific inflammation resem-
bling RA in humans. In autoimmune diseases such as RA, many
genes are suggested to be involved in the pathogenesis. To iden-
tify genes that are involved in the development of arthritis, we
have compared the gene expressions among these two mouse
models and normal wild-type mice. Gene expression was ana-
lyzed using a high-density oligonucleotide arrays (Affymetrix
Inc.) containing approximately 36,000 full-length mouse genes
and EST cluster from UniGene database. We have identified 548
genes that showed statistically significantly different expression
levels in the inflamed joints. The gene expression profile between
HTLV-I-Tg mice and IL-1 Ra-KO mice were closely correlated,
suggesting that many genes participate in the pathogenesis of
both models in common. When the genes of which expression
levels had been changed in arthritis models were mapped into
each chromosome, they were broadly assigned to all chromo-
somes with some highly significant transcript density peaks in
several chromosomes. To identify the genomic regions where
clusters of genes were up regulated in arthritis, we used their
cytoband information. As a result, we have identified several
cytobands. The most significant peak of the transcript density
was found on chromosome 17B1, which corresponds to the major
histocompatibility complex (MHC) gene cluster. This region also
includes some complement component genes. Other clusters
including the MS4A families, CC chemokine families and
schlafen families were identified. Thus, these novel families of
genes are suggested to be involved in the development of arthri-
tis using this new approach. The analysis of gene clusters using
microarray data may be useful to elucidate the pathoetiology of
diseases and find new targets for their treatment.

199
RAPID INCREMENT OF ABSOLUTE NEUTROPHIL
COUNT MORE THAN 1000/UL FROM NEUTROPENIA STA-
TUS LESS THAN 500/UL, BY G-CSF INJECTION, HAS THE
RISK OF PNEUMONIA EXACERBATION TO ARDS Byung
Soo Kim, Seok Jin Kim, Kyong Hwa Park, Sang Cheul Oh, Jae
Hong Seo, Chul Won Choi, Sang Won Shin, Yeul Hong Kim, Jun
Suk Kim, Division of Oncology and Hematology, Department of
Internal Medicine, College of Medicine, Korea University, Seoul,
Korea

BACKGROUND: Beside ANC increment, G-CSF has the effect
of augmenting inflammatory reaction. So, rapid increment of
ANC count from neutropenic status by G-CSF injection may
have the risk of exacerbating overloaded inflammatory reaction
to infection focus. Especially, pneumonia may progress to acute
respiratory distress syndrome(ARDS) rapid exacerbation of
inflammatory reaction according to ANC increment in neu-
tropenic patients injected G-CSF. We tried this study to evaluate
the relationship of ANC increment rapidity and the risk of pneu-
monia progression to ARDS in neutropenic cancer patients
injected G-CSF after chemotherapy. 
METHODS: Clinical data of 42 acute myelogenous leukemia
patients injected G-CSF (300 uL IV) after induction chemother-
apy from 2001-2003 has been reviewed. And the correlation of
ANC increment rapidity and the risk of pneumonia progression
to ARDS have been evaluated. 
RESULTS: 28 patients experienced pneumonia and 6 patients
progressed to ARDS. All of the ARDS patients showed rapid
increment of ANC. from neutropenia. The median interval of
ANC increment from 500/uL to more than 1,000/uL in the

patients experiencing ARDS was 1 day (0-2 days) and that of oth-
ers was 3 days(1-5 days). ANC increment median value after the
day achieving more than 500/uL in the patients experiencing
ARDS was 1,300(700-2100)/uL and that of others was 500(300-
800)/uL. 
CONCLUSIONS: This result may suggest that rapid increment
of absolute neutrophil count more than 1000/uL from neutrope-
nia status less than 500/uL, by G-CSF injection, has the risk of
pneumonia exacerbation to ARDS. Therefore, further study will
be warranted to confirm this study result

200
IL-6 GOVERNS A TRANSITIONAL SWITCH IN LEUKO-
CYTE RECRUITMENT: A CLINICAL PERSPECTIVE
Rachel M. McLoughlin1,2, ClareParker2, Simon A. Jones1&
Nicholas Topley2 1Cardiff School of Biosciences, Cardiff
University, Cardiff, UK. 2Institute of Nephrology, UWCM,
Cardiff, UK.

Appropriate regulation of leukocyte recruitment is a hallmark of
competent host defence and resolving inflammation. In IL-6-
deficiency this process is defective and results in heightened neu-
trophil infiltration and impaired T-cell recruitment, which are
controlled by the soluble IL-6R (sIL-6R). Using a murine peri-
toneal inflammation model, we have established that sIL-6R-
mediated signalling does not affect neutrophil infiltration, but
facilitates their removal by controlling neutrophil-activating
chemokine expression and promoting neutrophil apoptosis.
Conversely, T-cell recruitment is impaired, and IL-6-deficiency is
associated with defective local CCL2, CCL3, CCL5, CCL17 and
CXCL10 expression, and accompanying chemokine receptor
(CCR3, CCR4, CCR5, CXCR3) levels on the T-cell infiltrate. To
establish a link between these in vivo observations and human
disease, inflammatory mediators and the leukocyte infiltrate have
been examined in drain effluent from end-stage renal patients on
peritoneal dialysis. Recurrent bacterial peritonitis is a major com-
plication in peritoneal dialysis and the nature of the therapy
allows continuous access to the cellular exudate. Through com-
parative analysis of peritoneal effluent from patients that have
never encountered peritonitis with those that have experienced at
least one prior infective episode, it is evident that infection leads
to an increased retention of neutrophils and CD14+ cells, with a
concomitant reduction in CD3+ T-cells. These alterations were
specific to the peritoneal cavity and were not observed in whole
blood analysis. Examination of CD14+ and CD3+ populations
showed that cognate IL-6R levels were significantly reduced fol-
lowing peritonitis incidence, whilst gp130 levels remained unal-
tered. Indeed, T-cells resident to the peritoneal cavity showed
markedly reduced levels of IL-6R, as compared to T-cells from
whole blood. These changes were accompanied by a significant
reduction in peritoneal sIL-6R levels (IL-6 remained unaltered).
Overall, these data suggest that peritonitis contributes to a loss in
local IL-6R/sIL-6R signalling capacity, and gives rise to an
inflammatory phenotype reminiscent of IL-6-deficient mice.

201
TNF-STIMULATED GENE 6 (TSG-6) PROTEIN INDUCES
CYCLOOXYGENASE-2 AND PROSTAGLANDIN SYN-
THESIS IN MACROPHAGE CELL LINE Catalin Mindrescu,
Hans-Georg Wisniewski, and Jan T. Vilcek, Dept of
Microbiology, New York University School of Medicine, New York,
NY, USA.
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TNF-stimulated gene 6 (TSG-6), a TNF/IL-1 inducible gene,
encodes a 35-kD secreted glycoprotein, which plays important
roles in inflammation and ovulation. Previous studies have shown
that TSG-6 has anti-inflammatory activity in models of acute and
chronic inflammation. In the present study we investigated
whether TSG-6 can influence the expression of inducible
cyclooxygenase-2 (COX-2), a key enzyme involved in various
immune and inflammatory functions. We found that recombinant
TSG-6 protein up-regulates COX-2 mRNA and protein expres-
sion in the RAW 264.7 murine macrophage cell line. The effect
of TSG-6 was not affected by the lipopolysaccharide inhibitor,
polymyxin B, and was inactivated by heating, trypsin digestion,
or anti-TSG-6 antibodies. The up-regulation of COX-2 was
accompanied by an increase in prostaglandin production, espe-
cially PGD2. Considering that the PGD2 metabolite 15-deoxy-
∆12,14-PGJ2 is a potent agonist of the nuclear receptor PPARγ, and
also inhibits multiple steps in the NF-κB signaling pathway, this
TSG-6 effect could explain, at least in part, the anti-inflammato-
ry activities of TSG-6 in the intact organism. Because it affects
the expression of COX-2, which drives the onset of inflammation
through the production of pro-inflammatory prostaglandin E2,
and also leads to the resolution of inflammation through the pref-
erential synthesis of anti-inflammatory cyclopentenone
prostaglandins (15dPGJ2), TSG-6 might play a dual role in
inflammation. This work provides the first demonstration of a
TSG-6 action in a cell culture system that will open the way for
a better understanding of the functions of this endogenous medi-
ator in human physiology and pathology.

202
THE INTERFERON-INDUCIBLE IFI16 GENE MODU-
LATES PROINFLAMMATORY RESPONSES IN
ENDOTHELIAL CELLS Raffaella Ravera1, Michele
Mondini1,2, Serena Mazzini1, Claudia Zannetti1, Marisa Gariglio2

and Santo Landolfo1, 1Department of Public Health and
Microbiology, University of Turin, Turin, Italy,  2Department of
Medical Sciences, University of Eastern Piedmont, Novara, Italy

Endothelium is a central effector in the inflammatory response.
Immunohistochemical analysis has demonstrated that the human
interferon inducible IFI16 gene, in addition to the hematopoietic tis-
sues, is highly expressed in endothelial cells. We have developed a
reliable adenoviral vector (AdVIFI16) to efficiently transduce IFI16
into primary human umbilical vein endothelial cells (HUVEC). In
this study we assign a role to IFI16 in modulating expression of pro-
inflammatory molecules. The results obtained show that IFI16 over-
expression induces a significant increase in adhesion molecule lev-
els, as seen by immunoblot or cytofluorimetric analysis of E-
selectin, intercellular adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1) expression. Furthermore
IFI16 enhances synthesis of cytokines involved in the inflammato-
ry process, such as interleukin-8 (IL-8) and monocyte chemotactic
protein-1 (MCP-1). We have also demonstrated that such upregula-
tions are, at least in part, due to an increase in the corresponding
mRNAs levels, as seen by real-time PCR. These data suggested that
IFI16 activity in inflammation could be at transcriptional level. This
hypothesis was further sustained by the observation that in
AdVIFI16-infected HUVEC the activity of ICAM-1 promoter,
cloned upstream of a luciferase reporter vector, is increased by
about 5.5-fold compared to cells infected with a control virus. Taken
together these results point to IFI16 gene as a key player in mediat-
ing proinflammatory signals in endothelial cells, modulating the
expression of surface proteins and secretion of soluble mediators.

203
DEVELOPMENT OF CHRONIC PSORIATIC DERMATI-
TIS RESEMBLING PUSTULAR PSORIASIS IN INTER-
LEUKIN-1 RECEPTOR ANTAGONIST-DEFICIENT MICE
Akiko Nakajima1, Mayumi Komine2, Taizo Matsuki1, Reiko
Horai1, Akihiko Asahina2, and Yoichiro Iwakura1, 1Dept. of
Cellular Biology, Center for Experimental Medicine, The
Institute of Medical Science, University of Tokyo, Tokyo, Japan,
2Dept of Dermatology, Faculty of Medicine, University of Tokyo,
Tokyo, Japan.

Interleukin-1 receptor antagonist-deficient (IL-1Ra-/-) mice in the
BALB/c background spontaneously develop chronic inflammato-
ry arthropathy resembling rheumatoid arthritis in humans, and
also develop coronary arteritis. Here, we demonstrate IL-1Ra-/-

mice develop cutaneous inflammation of epidermis with massive
infiltration of neutrophils and lymphocytes. We observed acan-
thosis, hyperkeratosis, këbnel phenomenon and pustular
microabscess in the ear and tail skin of IL-1Ra-/- mice. In many
cases, we also found that IL-1Ra-/- mice develop psoriatic der-
matitis resembling psoriasis vulgaris. In severe cases, we also
found Kogoj’s spongiform pustula in subcornial microabscess in
IL-1Ra-/- mice. IL-1Ra-/- mice developed psoriatic dermatitis inde-
pendently of arthritis, as they developed dermatitis earlier than
arthritis, suggesting that the pathogenic mechanisms are different
between psoriatic dermatitis and arthritis in this mouse model.
Interestingly, TNFα-deficiency completely suppressed the devel-
opment of dermatitis and arthritis in IL-1Ra-/- mice, while IL-6-
deficiency failed to protect. These results suggest TNFα plays
very important roles in the development of both disorders. Bone
marrow (BM) cell-transplantation revealed that BM-derived cells
are responsible for the development of psoriatic dermatitis,
although CD4+ T cell-transplantation from IL-1Ra-/- mice failed to
develop psoriatic dermatitis in SCID mice and nude mice. Taken
together, these results indicate important roles for BM-derived
cells and inflammatory cytokines including IL-1s and TNFα in
the development of psoriatic dermatitis in a mouse model.

204
TYPE I INTERFERONS PLAY A CRITICAL ROLE IN
LIPOPOLYSACCHARIDE-INDUCED INFLAMMATION
S. Noppert1,2,3, A. Mansell1,3, J. Gould1,3, S. Samarajiwa1,3, J.
Fenner1, P. Hertzog1,3, 1Centre for Functional Genomics and
Human Disease, Monash Institute of Reproduction and
Development, Monash University, Clayton, Australia, 2School of
Applied Sciences, Monash University, Gippsland, Australia 
3CRC for Chronic Inflammatory Disease

The innate immune system has evolved to recognize pathogen-
associated molecular patterns (PAMPS) and responds by initiat-
ing signaling cascades to protect the host. One such PAMP is
lipopolysaccharide (LPS), a substance synthesized by gram-neg-
ative bacteria as an essential external membrane component. Toll-
like receptor 4 (TLR4), highly expressed in macrophages, mono-
cytes and dendritic cells, has been shown to be a major LPS
recognition receptor. Activation of TLR4 by LPS triggers signal-
ing pathways that lead to activation of the transcription factors
NF-κB, AP-1 and IRF3 and the subsequent production of a range
of cytokines including TNFα, IL-6 and IFNβ. In vivo studies uti-
lizing IFNAR-null mice have shown IFNAR1-/- mice are resist-
ant to a dose of LPS that is lethal to the wildtype and IFNAR2-/-
counterparts without affecting the high circulating levels of
TNFα and IL-6 induced by LPS. This result implies that sig-
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nalling through IFNAR1 rather than IFNAR2 is contributing to
LPS-mediated toxicity. Gene microarray analysis of bone marrow
derived macrophages stimulated with LPS across a time course
has identified significant gene expression changes between the
three genotypes.  Thus we identify a major set of LPS-induced
genes that are IFN dependant as well as sets of IFNAR1-specific
and IFNAR2-specific genes.  This study demonstrates a clear role
for individual interferon receptors in the pathological response to
LPS challenge and provides new candidates for mediating the
susceptibility / resistance to the subsequent consequences of sep-
tic shock.

205
THE SOLUBLE IL-6R IN ARTHRITIS: A POTENTIAL
TARGET FOR THERAPEUTIC INTERVENTION Mari A
Nowell1, Peter J. Richards1, Sara Carty2, Stefan Rose-John3,
Anwen S. Williams2, Nicholas Topley4 & Simon A. Jones1,
1Cardiff School of Biosciences, Cardiff University, Cardiff,
2Department of Rheumatology, UWCM, UK 3Christian-Albrechts
Universität, Kiel, German 4Cardiff, UK, Institute of Nephrology,
UWCM, Cardiff, UK.
Traditionally, IL-6 is considered a regulator of acute phase
responses and a lymphocyte stimulatory factor, however recent
studies highlight roles for this cytokine in directing leukocyte
trafficking, and facilitating transition between innate and
acquired immune responses. These studies collectively underline
a role for IL-6 in governing inflammation, and emphasise the
potential of targeting IL-6 as a therapeutic strategy. Indeed, anti-
bodies specific for IL-6 or its cognate IL-6R have proven to be
clinically beneficial in the treatment of rheumatoid arthritis and
Crohn’s disease. Using experimental arthritis models in wild type
and IL-6-/- mice we have established that IL-6 signaling during
joint inflammation is elicited via its soluble receptor (sIL-6R).
These studies have established that arthritis severity in IL-6-/-

mice is extremely mild, with repeated induction of arthritic flares
resulting in no further exacerbation of disease. This poor induc-
tion of arthritis was accompanied by significantly impaired
recruitment of both neutrophils and mononuclear cells to the
inflamed synovium. Indeed, intra-articular administration of a
sIL-6R-IL-6 fusion protein (HYPER-IL-6) restored arthritis
severity (IL-6 itself had no effect). Histopathology of joint sec-
tions demonstrated that HYPER-IL-6 increased synovial hyper-
plasia and promoted mononuclear leukocyte recruitment through
CCL2. Activation of synovial fibroblasts by sIL-6R/IL-6 empha-
sized that these cells represent the potential source of CCL2.
Comparable FACS analysis of IL-6R expression on leukocytes
from blood and synovial fluids of rheumatoid arthritis patients
showed that cognate IL-6R levels are lower on synovial leuko-
cytes. This was associated with increased leukocyte apoptosis and
synovial sIL-6R levels. Selective blockade of sIL-6R signaling in
wild type mice using sgp130 ameliorated disease by suppressing
CCL2-driven leukocyte recruitment, synovial hyperplasia and
overall joint erosion. Soluble gp130 therefore represents a prom-
ising agent for the treatment of rheumatoid arthritis and studies
are examining the prophylactic and therapeutic properties of this
inhibitor through its systemic administration in collagen-induced
arthritis.

206
PROBIOTIC TREATMENT PREVENTS CHRONIC
ILEITIS BY INHIBITING TH1 CYTOKINE PRODUC-
TION IN EXPERIMENTAL CROHN’S DISEASE Cristiano

Pagnini1, Charles Martin III1, Giorgos Bamias1, Claudio De
Simone1, and Fabio Cominelli1, 1Digestive Health Center of
Excellence, University of Virginia, Charlottesville, VA, USA.

Treatment with probiotics has been proven beneficial in patients
with ulcerative colitis and pouchitis as well as in animal models
of colitis.  In contrast, the therapeutic potential of probiotics in
clinical and experimental small intestinal inflammation remains
largely unknown.  SAMP1/YitFc mice develop spontaneous
chronic ileitis that closely resembles Crohn’s disease (transmural
and discontinuous inflammation, perianal manifestations,
involvement of Th1 cytokines).  In the present study we tested the
hypothesis that treatment with probiotics could prevent the estab-
lishment of chronic ileitis in SAMP1/YitFc mice.  Three-week-
old SAMP1/YitFc mice were administered daily intragastric
doses of the multiple probiotic compound VSL#3 (100 µl of 17 x
109 CFU/ml of VSL#3 suspension in saline, n=4) or water (n=8).
After 4 weeks mice were sacrificed and histological assessment
of ileitis was performed in a blind fashion using a validated scor-
ing system (total inflammatory index composed of active inflam-
mation, chronic inflammation, and villus distortion indices).
Mesenteric lymph node (MLN) cells were cultured for 48 h
unstimulated or under stimulation with immobilized anti-CD3 Ab
and cytokine protein concentration in the supernatants was meas-
ured by ELISA.  VSL#3-treated mice had lower ileal inflamma-
tory scores (24% reduction vs. controls).  A significant decrease
was observed in the chronic inflammatory index (2.25 ± 0.9 vs.
3.9 ± 1.4, 43% reduction, p<0.05), indicating decreased lympho-
cytic infiltration of the ileal lamina propria of mice treated with
VSL#3.  Accordingly, stimulated MLN cells from treated mice
secreted lower amounts of IFN-γ (7.5 ± 1.5 vs. 15.6 ± 4.5 ng/ml,
53% reduction, p<0.05) and TNFα (526 ± 448 vs. 1015 ± 221
pg/ml, 48% reduction).  Our results show that VSL#3 was effec-
tive in preventing chronic ileitis development in SAMP1/YitFc
mice by decreasing the mucosal lymphocytic infiltration and Th1
cytokine secretion.  We speculate that probiotic bacteria may be
of therapeutic benefit in patients with Crohn’s disease ileitis.

207
THE MITOCHONDRIAL UNCOUPLING PROTEIN 2
MODULATES THE MACROPHAGE RESPONSE DURING
INFECTION. Sophie Rousset, Yalin Emre, Daniel Ricquier,
Anne-Marie Cassard-Doulcier. CNRS-UPR9078, Institut de
recherche Necker-Enfants malades, Paris, France.

Uncoupling proteins (UCP) are located in the inner mitochondri-
al membrane and partially dissipate the transmembrane proton
electrochemical gradient. UCP2 is particularly expressed in
spleen, lung, gut and isolated macrophages. Previous studies
showed that mice lacking UCP2 (Ucp2-/-) survived to a toxoplas-
ma gondii infection. Macrophages of the Ucp2-/- mice produced
more reactive oxygen species (ROS) and had a higher microbici-
dal activity. Moreover, injection of endotoxin to mice induced an
up regulation of UCP2 in lung, gut and spleen. These data are in
agreement with a role of UCP2 in the modulation of ROS pro-
duction, especially during inflammation and infection. In a model
of atherosclerosis in mice (chronic inflammation), the lack of
UCP2 led to more unstable atherosclerotic lesion due to an accu-
mulation of macrophages and a greater oxidative stress.
In the present study, we enlarged the resistance of Ucp2-/- mice to
bacteria infection by using intracellular bacteria such as listeria
monocytogenes or mycobacterium bovis. The elimination of the
bacteria was more efficient in Ucp2-/- mice than in wild type (wt)
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mice. In vitro,  bone marrow derived macrophages of Ucp2-/- mice
produced more ROS and nitric oxide and had a higher bacterici-
dal activity against these two bacterias. Endotoxin injection to
Ucp2-/- or wt mice showed different cytokine pattern secretion, at
least for IL6 and MCP1. Since we recently proved that UCP2 is
expressed in B and T lymphocytes, Th1 versus Th2 immune
response will be analyzed.
We are also interested in the potential role of UCP2 in tumors.
We analyzed various tumors in mice and UCP2 was systemati-
cally detected. Among those tumors, some have a high level of
immune cells infiltration. These observations reinforced the rela-
tion between UCP2, immune cells and the inflammation.

208
THE ROLE OF IL-6 IN THE DEVELOPMENT OF
ARTHRITIS IN MOUSE MODELS. Shinobu Saijo and Yoichiro
Iwakura, Center for Experimental Medicine, The Institute of Medical
Science, The University of Tokyo

Background: HTLV-I is etiologic agent of adult T cell leukemia.
We have reported on an inflammatory arthropathy that developed
in transgenic mice carrying the tax gene of this virus (HTLV-I-
Tg). We showed that IL-1 and IL-6 deficiency, but not TNF-α
deficiency, suppress the development of the arthritis in HTLV-I-
Tg mice. It is known that IL-6 levels in the synovial fluid of RA
patients are elevated, but the pathogenic role of this cytokine
remains to be elucidated.
Purpose: Recently, it has been reported that IL-6 secreted by
dendritic cells (DC) inhibits CD4+CD25+ T cell-mediated
immune suppression. Thus, involvement of regulatory T cells in
the development of autoimmunity in the model and the role of IL-
6 in the control of regulatory T cell activity were investigated. 
Methods: CD4+CD25+ T cells and effecter T cells were purified
from BALB/c mice, and DCs were purified from HTLV-I-Tg, IL-
6-/-HTLV-I-Tg or wild type-BALB/c mice. Cells were purified
using autoMACS. Then, 5 x 105 CD4+CD25+ T cells, 105 effector
cells and 104 DCs were co-cultured in the presence of anti-CD3
antibody (0.1 µg/ml) for 3 days. Effector cell proliferation was
measured by [H3]-thymidine incorporation.
Result and Discussion: Effecter T cells cultured with
CD4+CD25+T cells and DCs from HTLV-I-Tg mice showed 1.3-
fold increase in proliferation compared with BALB/c mice,
whereas the augmentation was suppressed by IL-6-deficiency.
These data suggest that hyper production of IL-6 by DCs from
HTLV-I-Tg mice blocks CD4+CD25+ regulatory T cell-mediated
suppression of the immune system, resulting in the tolerance
brake in HTLV-I Tg mice causing development of autoimmunity.

209
GAMMA INTERFERON INDUCES DECREASED
EXPRESSION OF METALLOPROTEASE MT1-MMP IN
INTESTINAL EPITHELIAL CELLS. Luz E. Thomas, Jansi
Alvarado, and Jesús del Castillo. Laboratorio de Fisiología
Gastrointestinal, Centro de Biofísica y Bioquímica, Instituto
Venezolano de Investigaciones Científicas, Caracas, Venezuela.

The matrix metalloprotease MT1-MMP has a major role in extra-
cellular matrix (ECM) remodeling during cell migration and
wound healing. Increased levels of pro-inflammatory cytokines
such as IFNγ have been associated with signals of inflammatory
bowel diseases including increased responsiveness to bacterial
components, such as lipopolysaccharide (LPS), and chronic

wounds. Previously, it has been shown that IFNγ can be seques-
trated in the ECM compartment. ECM-bound IFNγ is more effec-
tive in inducing biological effects than soluble IFNγ in several
experimental models. We investigated the effect of LPS plus
ECM-bound- or soluble-IFNγ treatment on MT1-MMP expres-
sion in villous and crypt intestinal epithelial cells, isolated from
pigs, and the human intestinal epithelial cell line, HT-29. MT1-
MMP expression was evaluated by RT-PCR and Western blot and
its protease activity by zymography. By RT-PCR no changes in
MT1-MMP mRNA, in relation to its basal expression, were
detected. By Western blot, we observed a basal expression of
MT1-MMP in both, villous and crypt cell populations, as well as
in HT-29 cells. Following simultaneous treatment with soluble-
IFNγ (10ng/mL) and LPS (10ng/mL), expression of MT1-MMP
protein decreased in crypt cells, but not in villous cells. Notably,
no expression of MT1-MMP was detected in isolated crypt cells
treated with ECM-bound IFNγand LPS. The observed HT-29 cell
responses concurred with those observed in intestinal crypt cells.
Moreover, in HT-29 cells the suppression of MT1-MMP protein
correlated with a decrease of its activity evaluated by zymogra-
phy. Finally, in crypt cells the changes in MT1-MMP expression
were associated with increased expression of TLR4, the LPS
receptor. In short, our results suggest that  ECM-bound IFNγ can
contribute to perpetuate the intestinal inflammation, altering the
epithelial restitution by down regulating epithelial MT1-MMP
and by increasing enterocyte response to LPS. Together,  these
results suggest a mechanism whereby inflammation can affect the
epithelial restitution and normal wound healing.

210
INTERLEUKIN-1ββ AND INTERFERON-γγ SYNERGY:
ROLE IN PATHOLOGY OF RHEUMATOID ARTHRITIS
Eleri Thomas1, Mari A. Nowell2, Peter J. Richards2, Simon A.
Jones2, Nicholas Topley1, Anwen S. Williams1, 1University of
Wales College of Medicine, Cardiff, United Kingdom 2Cardiff
School of Biosciences, Cardiff, United Kingdom

Rheumatoid arthritis (RA) is a chronic inflammatory disease
characterized by cellular infiltration into the synovial lining and
fluid of the peri-articular spaces. Chemokines mediate leukocyte
recruitment pathways, contribute to the initiation and resolution
of joint inflammation and affect the pathophysiology of RA. We
used fibroblast-like synoviocytes (FLS) cultured from synovial
tissue samples obtained from consenting patients diagnosed with
Osteoarthritis (OA) or RA to investigate the role of IFN-γ in
regulating chemokine production in RA. Growth arrested FLS
were stimulated with either IL-1β, IFN-γ or a combination of IL-
1β with IFN-γ over a dose range up to 1000pg/ml. IL-6, IL-8 and
CCL2 production was quantified in supernatants harvested after
24 hrs. Upon stimulation with IL-1β; IL-8 (p<0.02) and IL-6
(p<0.01) production was significantly greater in RA than OA
FLS. However, CCL2 levels were not significantly altered. IL-8
production in FLS co-stimulated with IL-1β and IFN-γ was
significantly inhibited (p<0.0001) whilst synergistic up-
regulation of CCL2 (p<0.05) production was also noted in the
same cells. There was no significant effect of co-stimulation
upon IL-6 production. Furthermore, IFN-γ itself did not regulate
chemokine production.  Mono-articular antigen-induced arthritis
(mAIA) was triggered in IFN-γ deficient (IFN-γ -/-) mice and age
matched wild type controls (IFN-γ +/+). Joint swelling was
significantly greater in IFN-γ-/- than in IFN-γ+/+ mice over the
disease time-course (p<0.004). Massive cellular infiltration
(predominantly neutrophils) during the acute inflammatory phase
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was noted in IFN-γ-/- mice that was significantly worse than in
IFN-γ+/+ mice (p<0.05). Severe destructive pathology associated
with elevated osteoclast activity was noted in IFN-γ-/- at
termination. It was significantly worse than in IFN-γ+/+ mice
(p<0.05). Our data clearly implicates IFN-γ as a pivotal cytokine
in orchestrating chemokine synthesis, cellular recruitment and
destructive pathology within the arthritic joint. Such observations
may clearly have clinical implications for RA therapy. (295
words)

211
EXACERBATION OF ALLERGEN-INDUCED AIRWAY
HYPER- RESPONSIVENESS BY AUGMENTED TH2
RESPONSES IN WSX-1-DEFICIENT MICE Hiroki
Yoshida1,2,5, Shinjiro Hamano3, Hiromasa Inoue4, Akihiko
Yoshimura2, and Yoshiyuki Miyazaki1,2, 1PRESTO, Japan Science
and Technology Agency, Japan, 2Division of Molecular and
Cellular Immunology, Medical Institute of Bioregulation,
3Department of Parasitology, Faculty of Medical Sciences,
4Research Institute for Diseases of the Chest, Graduate School of
Medical Sciences, Kyushu University, 5Division of Molecular and
Cellular Immunoscience, Department of Biomolecular Sciences,
Saga Medical School, Japan.

WSX-1 (IL-27R) is a class I cytokine receptor with homology to
gp130 and IL-12 receptors. Previous reports showed that WSX-1
is critical for initiation of Th1 responses in naïve CD4 T cells
through its STAT1-mediated induction of T-bet. WSX-1-/- mice
were more susceptible than wild-type mice to intracellular
pathogens, such as Listeria monocytogenes or Leishmania major,
due to impaired Th1 responses. Although the role of WSX-1 in
Th1 response is clear, the impact of WSX-1 signaling on Th2
response and Th2-mediated disease has yet to be clarified. To this
aim, we took advantage of WSX-1-/- mice and induced antigen-
induced experimental asthma where Th2 response is a central
mediator of the pathology. Antigen-challenged WSX-1-deficient
mice showed severer airway responses with deteriorated lung
inflammation and higher serum IgE levels than wild-type mice.
Production of Th2 cytokines, such as IL-4 and IL-13, was aug-
mented in draining lymph node CD4+ T cells from WSX-1-
defient mice as compared with those from wild-type mice. These
results demonstrated that WSX-1 plays important roles in the
down regulation of airway hyper reactivity and lung inflamma-
tion during allergic asthma through its suppressive effect on Th2
responses. Thus, IL-27/WSX-1-mediated signal may be a good
target for therapy of allergic asthma in human.

212
THE EFFECT OF DOUBLE STRAND RNA ON THE
SENSITIZATION TO ALLERGEN VIA INHALATIONAL
ROUTE Sang-Heon Kim1,2, Hye-Kyung Park1,2, Hyouk-Soo
Kwon1,2, Min-Hee Oh2, Soo-Yeoun Lee2, Seong-Gyu Jeon2,
Kyung-Mook Kim1,2, Tae-Bum Kim1,2, Yoon-Seok Chang1,2, Yoon-
Keun Kim1,2, Sang-Heon Cho1,2, Kyung-Up Min1,2, You-Young
Kim1,2, 1Department of Internal Medicine, Seoul National
University College of Medicine, 2Institute of Allergy and Clinical
Immunology, Seoul National University Medical Reserch Center,
Seoul, Korea 

Background: Viral infection is closely associated with asthma
development. Double strand (ds) RNA is synthesized in the
cytoplasm during viral replication and has various

immunostimulatory effects, such as enhanced interferon (IFN) -a
and IFN-β production, dendritic cell maturation, and expression
of inducible nitric oxide synthase. Polyinosinic-polycytidylic acid
(poly[I:C]), a synthetic dsRNA, induce immune response via toll-
like receptor type 3. Objective: The aim of this study was to test
the hypothesis that intranasal sensitization of allergen with
poly[I:C] induces allergen specific T cell priming, which enhance
airway hyperresponsiveness (AHR) and airway inflammation. 
Methods: Six-week BALB/c mice were sensitized to
lipopolysaccharide depleted ovalbumin (OA) with poly[I:C] via
intranasal route and subsequently challenged with intranasal
ovalbumin. As control groups, same aged BALB/C mice were
intranasally sensitized to OA without poly[I:C], and intraperi-
toneally (IP) to OA with alum. AHR, lung inflammation, serum
OA-specific antibodies, and cytokine expression in the lung and
bronchoalveolar lavage (BAL) fluid were evaluated. Results: The
mice sensitized with OA+poly[I:C] and with IP OA+alum have
enhanced AHR compared to the other group. Serum OA-specific
IγG2α and IγG1 were higher in mice sensitized to OA+poly[I:C]
than in the other groups. Airways and lung parenchymal inflam-
mations, assessed by BAL inflammatory cells and lung histology,
were more severe in mice sensitized to OA+poly[I:C] than in the
other groups. In terms of cytokine expression, IFN-γ and inter-
leukin-13 expressions were increased in mice sensitized to
OA+poly[I:C] than in the other groups. Conclusion: dsRNA has
an effect to enhance airways sensitization to allergen via inhala-
tional route. 

213
INFLUENCE OF IL-17 UPON IMMUNOREGULATORY
MOLECULES OF THE PERITONEAL MESOTHELIAL
CELLS FROM PATIENTS WITH CIRRHOSIS AND
ASCITES. Fèlix Broche Valle(1), Josè M. Tellado(1), Paloma
Sánchez(2), Emilia Cercenado(3) and  Gerardo Clemente(4).
(1)Surgical Infection Research Laboratory, (2)Laboratory of
Immuno-Oncology,  (3)Laboratory of Microbiology, (4)Hepatology
Section, Hospital “Gregorio Marañòn”, Madrid, Spain.

Patients with advanced cirrhosis and ascites are proned  to
develop intraperitoneal infections. We have found that
CD4+/CD45RO+/IFNg+ memory activated T cells predominate
within the peritoneal cavity of  these patients. Those cells secrete
IL-17; a proinflammatory  cytokine which has demonstrated to
induce  the expression of neutrophil attracting chemokines by
mesothelial cells (MC). Thus, we planned to analyse if IL-17 was
able to influence the peritoneal immune response in cirrhotic
patients by modifying the expression of ICAM-1, VCAM-1,
HLA-DR, CD40, IFNγ and TNFa by in vitro-activated peritoneal
MC. Samples of ascites (n=14) from patients with cirrhosis
(Child-Pugh B-C) and peritoneal lavages (n=8) from patients
undergoing laparoscopic cholecystectomy were aseptically
collected. MC were isolated by immunomagnetic separation.
Cells from 3rd – 5th passages were used for in vitro stimulation
during 24 hrs. with  recombinant human IL-17 (rhIL-17) (1, 50,
100, 150 y 200 ng/ml) and combinations of  rhIL-17 (100ng/ml)
+  TNFa (500 U/ml), LPS (100 ng/ml) and IFNg (500 U/ml). Both
membrane and intracellular markers were detected by flow
cytometry. IFNg and TNFa expression were intracellularly
detected in fixed/permeabilized cells. MC constitutively
expressed the IL-17 receptor in both groups. HLA-DR expression
was increased by IL-17 in a concentration-dependent manner
while IL-17 + TNFa increased CD40 expression by cells from
peritoneal lavages in both cases. IFNg expression was increased
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in both group in a concentration-dependent manner but without
difference between groups. Additional studies are required to
clarify if  IL-17 may modify the role of MC in the context of the
peritoneal innate immune response of  these patients.

214
INTERLEUKIN-23 (IL-23), A NOVEL CYTOKINE WITH
TH1 PROPERTIES, AND IL-23 RECEPTORS ARE
UPREGULATED IN INTESTINAL MUCOSA OF
CROHN’S DISEASE PATIENTS Paul Guarino1, William G.
Ross1, Sharon Hoang1, Christopher G. Bachmann1, Brian K.
Reuter1, Fabio Cominelli1, Theresa T. Pizarro1, 1Digestive Health
Center of Excellence, University of Virginia Health System,
Charlottesville, VA, USA.

Background: Interleukin-23 (IL-23) is a novel heterodimeric
cytokine (p40/p19), sharing the p40 subunit with IL-12
(p40/p35), as well as the ability to induce Th1-mediated immune
responses.  Recently, preferential expression of IL-23 has been
reported in normal murine ileal dendritic cells.  The aim of the
present study was to characterize IL-23 and its receptor (IL-23R)
in a pathogenic state of chronic intestinal inflammation such as
that observed in inflammatory bowel disease (IBD).  Methods:
Involved and non-involved intestinal mucosal biopsies from
patients with Crohn’s disease (CD), ulcerative colitis (UC), and
non-inflamed controls (CONT), were analyzed by real time PCR
for p19 transcript levels.  Cellular localization of IL-23 and IL-
23R was determined by immunohistochemistry (IHC).
Distribution of IL-23R on lamina propria mononuclear cell
(LPMC) populations was determined by FACS analysis.  Results:
P19 mRNA levels (normalized to 18s RNA) were significantly
increased by 5.5-fold in CD involved, and 4.7-fold in UC
involved tissues compared to CONT (p<0.005).  In IBD involved
tissues, p19 protein was increased and immunolocalized to the
LPMC, morphologically consistent with tissue histiocytes
(macrophages).  IHC also revealed IL-23R to be strongly
expressed by endothelial cells in IBD involved tissues.  FACS
analysis of mucosal LPMC showed a dramatic increase in IL23R+

CD4 cells in CD INV ileum and colon vs UC INV or normal
CONT colon (20.5% and 20.3% vs 5.4% or 3.5%, respectively).
Conclusion:  Taken together, these studies indicate that IL-23 and
IL-23R are present at higher levels in inflamed intestinal tissues
of patients with CD.  Given the ability of IL-23 to elicit Th1
immune responses in memory T-cells, its production in the lami-
na propria of affected tissues, and response by lymphocytes and
endothelial cells for the recruitment of CD4+ T cells to the ileum,
these data implicate IL-23 as a pivotal mediator in the site-spe-
cific manifestation of CD.

215
MECHANISM OF INTESTINAL TNF-INDUCED CROHN’S
DISEASE (CD)-LIKE DISEASE IN TNF ∆∆ARE MICE Theresa
T. Pizarro1, Mohamed I. Dahman1, Menelaos Manoloukos2,
Dimitris Kontoyiannis2, Giorgos Kollias2, Fabio Cominelli1,
1Digestive Health Center of Excellence, University of Virginia
Health System, Charlottesville, VA, USA, and 2Institute of
Immunology, Biomedical Sciences Research Center, Vari, Greece.

Systemic TNF overexpression by genetic manipulation of the 3’-
AUR-region (∆ARE) in the TNF gene induces both CD-like
ileitis and arthritis in mice.  Whether or not TNF exerts its effects
systemically or within the intestinal microenvironment remains

to be determined.  The aim of this study was to investigate the
effects of introducing the ∆ARE mutation specifically in the
intestinal epithelium using Cre-loxP methodologies.  We bred
mice in which a neomycin cassette flanked by Cre-loxP sites was
introduced in the 3’ AU region of the TNF gene (TNFneo∆ARE/neo∆ARE)
with mice carrying Cre-recombinase under the control of the
ileum/colon FABP (FABPi) promoter.  Reactivation of the TNFRI
specifically in intestinal epithelial cells (IEC) of the ileum/colon
was also studied using similar methodologies.  Mice were sacri-
ficed at 18 weeks of age and plasma as well as ileal tissues har-
vested for measurements of TNF.  Histological analysis of ilea,
liver, lungs and joints was also performed.  TNF∆ARE/∆ARE/FABPi+ mice
(n=6) develop severe chronic ileitis with transmural inflamma-
tion compared to TNF∆ARE/+/FABPi+ (n=7), (15.3+3.0 vs. 4.2+0.1,
p>0.01).  Histologic analysis of lungs, liver and joints showed no
significant pathologic abnormalities. TNF plasma levels were
slightly elevated in TNF∆ARE/∆ARE/FABPi+ compared to TNF∆ARE/+/FABPi+

(94+12 vs 21+3.8 pg/ml) and WT littermates (undetectable).
TNF protein levels in ileal samples from TNF∆ARE/∆ARE/FABPi+ mice
were significantly elevated compared to TNF∆ARE/+/FABPi+ and WT
(248+71 pg/ml vs 36.8+9.9 and 22.9+9.8 pg/ml, p>0.001), con-
firming ileal-specific overexpression of TNF in these mice.  In
addition, mice with functional TNFRI expressed on IEC only in
the ileum/colon did not show signs of ileitis up to 4-6 months of
age.  These studies demonstrate that specific overexpression of
TNF from the intestinal epithelium, but not TNF signaling
through the TNFRI on IEC, is sufficient to generate a CD-like
ileitis with striking resemblance to human Crohn’s disease. 

216
INCREASED EXPRESSION OF PRO-INFLAMMATORY
CYTOKINES IN PLACENTAS OF WOMEN UNDERGO-
ING SPONTANEOUS PRETERM DELIVERY OR PRE-
MATURE RUPTURE OF MEMBRANES Sherief El-Shazly1,
Masoumah Makhseed2, Fawaz Azizieh1, Raj Raghupathy1

1Department of Microbiology, Faculty of Medicine, Kuwait
University, 2Department of Obstetrics and Gynecology, Faculty of
Medicine, Kuwait University and Maternal Hospital, Kuwait

PROBLEM: The objective of this study was to determine the
levels of cytokines in the placentas of women undergoing preterm
delivery (PTD) or premature rupture of membranes (PROM) as
compared to women undergoing normal delivery at term. 
METHOD OF STUDY: Placentas were obtained from 30 sub-
jects with spontaneous PTD, 30 women with PROM and 30
women with a history of normal delivery at term. Levels of inter-
leukin (IL)-2, interferon (IFN)-γ, tumor necrosis factor (TNF)-α,
TNF-β, IL-4, IL-5, IL-6 and IL-10 and IL-12 were estimated by
ELISA in detergent lysates of placentas from the subjects. 
RESULTS: We found significantly increased levels of the Th1
cytokines IL-2 and IFNγ and of the Th1-inducing cytokine IL-12
in placentas from the PTD and PROM groups as compared to
those delivering at term. In contrast, the levels of the Th2
cytokines IL-4, IL-6 and IL-10 were significantly higher in pla-
centas from term pregnancy. 
CONCLUSIONS: These data support our observation of a pro-
inflammatory cytokine bias in women with PTD and PROM.

217
LARGE VARIETY OF YERSINIA PESTIS ADHESINS.
Viacheslav M.Abramov, Natalia L. Kulikova, Valentin S.
Khlebnikov, Anatoly M. Vasiliev, Andrey V. Karlyshev, Igor V.
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Kosarev, Raisa N. Vasilenko, Natalia V. Tokhtamysheva, Vadim K.
Sakulin, Valentin I. Evstigneev, Vladimir N. Uversky. Institute of
Immunological Engineering, Lyubuchany, Moscow Region,
Russia. 

Y.pestis is the agent of plague – one of the most dangerous bac-
terial infections. Main adhesions of Yersinia (Inv, YadA, Ail),
characteristic to Y.pseudotuberculosis and Y.entercolitica do not
function in Y.pestis bacteria. We have found an ability of Caf1
low molecular forms to interact specifically with interleukin-1
receptors (IL-1R) on the target cells (Kd=10-10 M). Caf1interac-
tion with IL-1R testifies the participation of this antigen in the
very early stages of the disease development, indicates adhesive
function of the capsule sub-units responsible for the contact of
bacteria with target cells. V antigen being the main factor of Y.
pestis virulence specifically interacts with immunocompetent
cells (Kd=10-10 M) and performs functions of an adhesin. We have
demonstrated that pH6 antigen (PsaA) is an IgG-binding factor.
The protein interacts with Fc-region of human IgG1, IgG2 and
IgG3. Macrophagal oxidative burst induces PsaA expression and,
possibly, emergence of PsaA-IgG-FcγR1 complex. Pla antigen is
the most effective adhesin providing pathogen invasion inside the
host cell. Full decoding of Y.pestis genome indicates the exis-
tence of 12 proteins with putative adhesion functions [Parkhill J.
et al., Nature. 2001]. Proteins YPO1707, YPO2945 and YPO4044
have a high degree of homology with fimbrial sub-units of E.coli,
Bordetella pertussis, Proteus mirabillis and other gram-negative
bacteria. The large variety of adhesins provides various ways of
pathogen penetration into the organism and development of
plague clinical forms: dermal, bubonic, septic and pneumonic.
The study of protective properties of adhesins should lead to con-
struction of a molecular anti-plague vaccine of a new generation.

218
HHV-8 LATENT NUCLEAR ANTIGEN (LANA-1) UPREGU-
LATES PRO-INFLAMMATORY GENE EXPRESSION IN
PRIMARY EFFUSION LYMPHOMA CELLS Meztli
Arguello, Eduardo Hernandez, Catherine Corriveau-Bourque,
Raphaelle Romieu , Rongtuan Lin, and John Hiscott,  Depts. of
Microbiology & Immunology and Medicine McGill University,
Molecular Oncology Group, Lady Davis Institute, Jewish
General Hosp., Montreal, Canada H3T1E2

Infection of B lymphocytes by HHV-8 is strongly associated with
the development of Primary Effusion Lymphoma (PEL), a lym-
phoproliferative disease characterized by lymphomatous effu-
sions in the pleural or pericardial cavities in the absence of a solid
tumor mass. PEL cells have been classified as post-germinal cen-
ter, pre-terminally differentiated B cells with a partial plasma cell
phenotype. This stage of differentiation is similar to that of clas-
sical, lymphocyte-derived Hodgkin’s lymphoma (cHL) and they
also share a peculiar ablation in the expression of B cell-specific
transcription factors. However, these diseases vary in their clini-
cal presentation. Using microarray analysis, the PEL cell line
BCBL-1 was compared to the cHL cell line L-428 and to the
Burkitt’s lymphoma (BL) cell line BJAB. Results show a limited
group of genes differentially expressed in BCBL-1 compared to
L-428 and BJAB cells. Strikingly, two pro-inflammatory factors
involved in chemotaxis and cell migration were strongly upregu-
lated in BCBL-1: leukotriene A4 hydrolase (LTA4H, 5 fold induc-
tion) and thrombospondin-1 (TSP-1, 7- to 10-fold induction). The
results were confirmed by PCR and immunoblot using three
additional PEL cell lines. A reporter construct composed of the

promoter and 5’ UTR of the LTA4H gene linked to luciferase was
transfected into HHV-8+ BCBL-1 cells and shown to exhibit high-
er activity than in control BJAB cells, demonstrating that induc-
tion of LTA4H expression in BCBL-1 was due to an upregulation
at the transcriptional level. Promoter activity in BJAB cells could
be stimulated to match that of BCBL-1 by co-transfection of the
latent nuclear antigen LANA-1 but not by the latent protein
vFLIP.  Using deletion constructs, the LANA-inducible ele-
ment(s) has been mapped to the proximal promoter region of
LTA4H, and suggests a novel, lymphoid-specific interacting tran-
scriptional partner for LANA-1. Upregulation of LTA4H and
TSP-1 in PEL cells provides insight into the molecular changes
induced by HHV-8 in the B cell context, and further delineates a
role for chronic inflammation in HHV-8 associated diseases.

219
DOES MURINE AIDS INDUCE ANTIGEN SPECIFIC
REGULATOR T CELLS? Andrea Paun1 and Manfred W.
Beilharz1, 1Discipline of Microbiology, The University of Western
Australia, Perth, WA, Australia

Murine AIDS is a progressive immunodeficiency induced by the
LP-BM5 retroviral mixture.  We have recently demonstrated the
presence of regulator T (Tr) cells in murine AIDS and have shown
that immunomodulation targeting these cells results in a signifi-
cant abrogation of disease progression.  We have demonstrated
the presence of Tr cells that are specific for LP-BM5 using an in
vivo CTL assay.  The presence of these cells results in complete
abrogation of the CTL response against LP-BM5 by day 20 post
infection.  Using this assay we have demonstrated that a popula-
tion CD4+CD25+ cells mediate this suppression.  These cells are
present by day 18 post infection and a proportion of these cells
were also found to co-express CD69.  Our data suggest that these
MAIDS-specific Tr cells begin as CD4+CD25+ cells, however
flow cytometry shows that these cells gradually lose CD25
expression from day 12 post infection onwards in  both peripher-
al blood and spleen.  The expression of the Tr-specific transcrip-
tion factor Foxp3 has also been examined by real time quantita-
tive PCR and was found to increase in the cells that have lost
CD25 expression as disease progressed.  Adoptive transfer exper-
iments show that as these Tr cells begin to lose CD25 expression
they retain the ability to allow disease progression.   Therapy
which removes the Tr cells results in a lack of disease progression
but does not result in the generation of protective immunity.  Our
data suggest a more thorough understanding of both the pheno-
type and role of Tr cells in infectious disease would allow for the
development of more specific therapies targeting these cells.

220
CYTOKINES IN BACTERIAL VAGINOSIS. S. Cauci1, G.
Casabellata1, M. Di Santolo1, S. Driussi1,2, D. De Santo3, F. De
Seta4, S. Guaschino4. 1Dept. Biomedical Sciences and
Technologies, School of Medicine, University of Udine, Udine;
2ASS4_medio Friuli; 3Gynecologic and Obstetric Clinic,
Monfalcone Hospital, ASS2-Isontina; 4Dept. Reproductive and
Development Sciences, IRCCS Burlo Garofolo Hospital,
University of Trieste, Trieste, ITALY.

Objectives: Bacterial vaginosis (BV) is associated with several
adverse outcomes including increased susceptibility to sexual
transmission of HIV infection, preterm birth and low birth
weight. The aim of the study is to assess changes of immune fac-
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tors levels in vaginal fluid of BV positive women.
Methods: Non-pregnant BV positive women and healthy con-
trols were enrolled. IL-1beta, IL-8, secretory leukocyte protease
inhibitor (SLPI), pH, and microbial enzymes (sialidase, and pro-
lidase activities) were determined in vaginal fluid.
Results: BV positive women had largely increased IL-1beta, not
statistically increased IL-8, and lower SLPI levels than healthy
controls. Among BV positive women IL-1beta was positively cor-
related with IL-8 (P<0.001), vaginal pH (P=0.018), and not sta-
tistically associated with SLPI. However not all women with ele-
vated IL-1beta (over the 75th percentile) had elevated IL-8.
Microbial enzyme activities measurable in vaginal fluid were
inversely related to IL-8, specifically sialidase (P=0.03) and pro-
lidase activity (P=0.002). 
Conclusions: BV provokes a large increase of IL-1beta (about
20-fold) in vaginal fluid, which is not paralleled by an increase of
other innate factors as IL-8 and SLPI. Specific microbial factors
dampen IL-8 rise and leukocyte accumulation. Still unknown fac-
tors cause the decrease of SLPI.

221
SPECIFIC IGA IN VAGINAL FLUID BEFORE AND
AFTER THERAPY OF BACTERIAL VAGINOSIS. S. Cauci1,
S. Driussi1,2, G. Casabellata1, N. Verdolina2, D. De Santo3, F. De
Seta4, S. Guaschino4. 1Dept. Biomedical Sciences and
Technologies, School of Medicine, University of Udine, Udine;
2ASS4 Medio Friuli; 3Gynecologic and Obstetric Clinic,
Monfalcone Hospital, ASS2 Isontina; 4Dept. Reproductive and
Development Sciences, IRCCS Burlo Garofolo Hospital,
University of Trieste, Trieste, ITALY.

Objectives: Bacterial vaginosis (BV) is a polymicrobial syn-
drome afflicting several millions fertile and pregnant women
worldwide. Gardnerella vaginalis is virtually always present in
the abnormal flora milieu. A detectable specific IgA response
against the hemolysin produced by G. vaginalis has been
described in vaginal fluid of BV positive women (anti-Gvh IgA).
The aim of the study is to assess changes of anti-Gvh IgA in vagi-
nal fluid before and after antibiotic treatment of BV positive
women.
Methods: Fertile BV positive women were enrolled after
informed consent. A 7 days oral metronidazole therapy was
administered in accordance with CDC protocols. Patients were
reevaluated 1 months after starting of antibiotic treatment.
Results: Anti-Gvh IgA were statistically increased (P=0.012)
after therapy in cured women, on the opposite uncured women
did not show increased levels of anti-Gvh IgA. The anti-Gvh IgA
response was inversely related to microbial enzyme activities
(sialidase and prolidase) in vaginal fluid. The number of neu-
trophils in vaginal fluid was not statistically changed after thera-
py both in cured and uncured women.
Conclusions: Likely microbial factors are able to dampen anti-
Gvh IgA levels in BV positive women. Anti-Gvh IgA in vaginal
fluid is a good biomarker to identify cured women after antibiot-
ic treatment of BV. 

222
THE EFFECTS OF M. TUBERCULOSIS ANTIGENS ON
PRODUCTION OF PRO-INFLAMMATORY CYTOKINES
OF DENDRITIC CELLS Jinmin Lee, Junglim Lee, Sang-Nae

Cho, Se-Jong Kim, and In-Hong Choi, Dept. of Microbiology,
Brain Korea 21 Project for Medical Science, Yonsei University
College of Medicine, Seoul, Korea.

Mycobacterium tuberculosis or its products induce an important
maturation process of dendritic cells (DCs) during which antigen
processing activity and the capability of production of pro-
inflammatory cytokines of DCs are changed. The induction of
certain cytokines by DCs is critical for the initiation of adaptive
immune responses against M. tuberculosis infection in host’s
immune system. In this study, we examined whether the imma-
ture DCs can produce the pro-inflammatory cytokines (IL-6,
TNF-a or IL-12p40) by stimulation with various M. tuberculosis
antigens. The human monocytes were isolated from the PBMCs
and were differentiated to immature DCs with GM-CSF and IL-
4. When iDCs were stimulated with each mycobacterial sonicates
from Erdman, Ra, CDC1551 and K strain, all iDCs produced IL-
6 and TNF-a. The degree of produced IL-6 or TNF-a by stimula-
tion of each sonicates correlated with the degree of virulence of
each strain: Erdman > K> Ra> CDC1551. DCs showed increased
expression of CD80, CD86, CD83 and MHC class II molecules
phenotypically by stimulation with each sonicates. When iDCs
were stimulated with various recombinant M. tuberculosis anti-
gens (6 kDa, 16kDa, 38kDa, 85A), all the antigens induced the
great production of IL-6. However, LAM antigens from M. tuber-
culosis did not induce the maturation of iDC as well as the pro-
duction of either IL-6 or TNF-a. Interestingly, both LAM anti-
gens inhibit the production of IL-6, TNF-a or IL-12p40 followed
by the LPS stimulation. Other recombinant antigens did not
inhibit the production of IL-6 or TNF-a followed by LPS stimu-
lation. These results indicate that each component of M. tubercu-
losis have the different effect on the stimulation and maturation
on DCs, thus each has different impact on the development of
adaptive immune responses of host. This study is supported by
Brain Korea 21 Project for Medical Science, Yonsei University.

223
INCREASED SENSITIVITY OF SARS-CORONAVIRUS
TO A COMBINATION OF HUMAN TYPE I AND TYPE II
INTERFERONS Carolina Scagnolari1, Elisa Vicenzi2, Francesca
Bellomi1, Maria Giuseppina Stillitano1,  Debora Pinna2, Guido
Poli2,3, Massimo Clementi3,4, Ferdinando Dianzani5, Guido
Antonelli*1, 1Dept of Experimental Medicine – Virology Section ,
University “La Sapienza”, Rome; 2AIDS Immunopathogenesis
Unit, San Raffaele Scientific Institute, Milan; 3School of
Medicine, Vita-Salute University, Milan; 4Microbiology and
Virology Laboratory, San Raffaele Scientific Institute, Milan;
5Università “Campus Biomedico”, Rome; Italy.

There is currently an urgent need to identify effective antiviral
agents that will prevent and treat SARS-coronavirus (CoV) infec-
tion. In this study, we have investigated and compared the antivi-
ral effect of different interferons (IFNs) on SARS-CoV replica-
tion in the epithelial kidney monkey Vero cell line. The results
showed that SARS-CoV grown in Vero cells is moderately sensi-
tive to IFN-β and only weakly sensitive to IFN-α and IFN-γ in
comparison to other IFN-sensitive viruses, such as those for
encephalomyocarditis, vesicular stomatitis and Newcastle dis-
ease. Simultaneous incubation of Vero cells with IFN-β and IFN-
γ indicated that they may act synergistically against SARS-CoV
replication at IFN concentrations that might be clinically useful
for post-exposure prophylaxis. The IFN-induced MxA protein
was detected in the IFN-treated Vero cells. The data, however,
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indicate that the antiviral activity of IFN against SARS-CoV
virus is independent on MxA expression.

224
PHOSPHOLIPID SCRMBLASE 1 (PLSCR1) MARKEDLY
POTENTIATES THE ANTIVIRAL ACTIVITY OF
INTERFERON Beihua Dong1, Quansheng Zhou2, Ji Zhao2,
Aimin Zhou3, Ronald N. Harty4, Santanu Bose5, Amiya Banerjee5,
Jeanna Guenther1, Roger Slee1, Bryan R. G. Williams1, Therese
Wiedmer2, Peter J. Sims2 and Robert H. Silverman1 1Departments
of Cancer Biology and 5Molecular Biology, Lerner Research
Institute, The Cleveland Clinic Foundation, Cleveland, OH
44195; 2The Department of Molecular and Experimental
Medicine, The Scripps Research Institute, La Jolla, CA 92037,
3The Department of Chemistry, Cleveland State University,
Cleveland, Ohio 44115; and 4Department of Pathobiology,
School of Veterinary Medicine, University of Pennsylvania,
Philadelphia 19104 

Phospholipid scramblase 1 (PLSCR1) is an interferon (IFN)- and
growth factor-inducible, calcium-binding protein that either
inserts into the plasma membrane or binds DNA in the nucleus
depending on its state of palmyitoylation. In certain hematopoiet-
ic cells, PLSCR1 is required for normal maturation and terminal
differentiation from progenitor cells as regulated by select growth
factors, where it promotes recruitment and activation of Src
kinases.  PLSCR1 is a substrate of Src (and Abl) kinases, and
transcription of the PLSCR1 gene is regulated by the same
growth factor receptor pathways in which PLSCR1 potentiates
afferent signaling.  The marked transcriptional upregulation of
PLSCR1 by IFNs led us to explore whether PLSCR1 plays an
analogous role in cellular responses to IFN, with specific focus
on the antiviral activities.  Accordingly, human cells in which
PLSCR1 expression was decreased with siRNA were rendered
relatively insensitive to the antiviral activity of IFNs, resulting in
higher titers of vesicular stomatitis virus (VSV) and
encephalomyocarditis virus (EMCV).  Similarly, VSV replicated
to higher titers in mouse PLSCR1-/- embryonic fibroblasts than
in identical cells transduced to express PLSCR1. PLSCR1 inhib-
ited accumulation of primary VSV transcripts, similar to the
effects of IFN against VSV.  The antiviral effect of PLSCR1 cor-
related with increased expression of a subset of IFN stimulated
genes (ISGs), including ISG15, ISG54, p56, and guanylate bind-
ing proteins (GBPs). Our results suggest that PLSCR1, which is
itself an ISG encoded protein, provides a mechanism for ampli-
fying and enhancing the IFN response through increased expres-
sion of a select subset of potent antiviral genes.

225
EVALUATION OF INTERFERON-BETA AS A THERA-
PEUTIC TREATMENT FOR EBOLA HEMORRHAGIC
FEVER IN NONHUMAN PRIMATES Elizabeth A. Fritz1,
Lisa E. Hensley1, Christopher L. Karp2, Robert Fisher1, Jason
Paragas1, Howard A. Young3, Peter B. Jahrling1, and Thomas W.
Geisbert1, 1United States Army Medical Institute of Infectious
Diseases, Fort Detrick, MD, 21702-5011; 2Division of Molecular
Immunology, Cincinnati Children’s Hospital Resarch
Foundation, Cincinnati Children’s Hospital Medical Center,
Cincinnati, OH (CK); and 3Cellular and Molecular Immunology
Section, Laboratory of Experimental Immunology, NCI-FCRDC,
Frederick, MD  21702-1201 (HAY), USA.

Infection with Ebola virus (EBOV) produces a systemic disease
characterized by dysregulation of the host immune response with
hemorrhagic manifestations.  We evaluated the role of Type I
interferons (IFNs) in the pathogenesis of EBOV in nonhuman pri-
mates.  Elevated circulating levels of IFN-α were noted, while
production of IFN-β was not detected.  In vitro studies suggested
that IFN-β potently inhibited EBOV replication.  To examine the
role IFN-β may play in controlling EBOV infection, we treated
rhesus monkeys with recombinant human IFN-β after a lethal
injection of EBOV.  Briefly, six monkeys were inoculated with
1000 PFU of EBOV (Zaire); five of these six animals were treat-
ed with IFN-β 12 hours after challenge, and on days 2, 4, 6, and
8 post infection (pi).  The untreated control animal died on day 7
pi, while treated animals died on days 9, 10, 13 and 30 pi (mean
time to death =13.8 days).  Comparison with historical controls
revealed a significant increase in the mean time to death (p =
.017).  A decrease in plasma viremia, and organ infection, was
also noted in IFN-β treated animals.  Recent data indicates that a
higher and more frequent dosing regimen could be utilized with-
out adverse effects.  This increased dosing schedule was tested in
a second study.  No significant improvement in morbidity or mor-
tality was observed when compared to the treated animals from
the first study outlined above.  In a third study, signaling through
the Type I IFN receptor was blocked in EBOV challenged mon-
keys.  This blockade markedly accelerated the disease course as
evidenced by a decrease in mean time to death of EBOV-infected
monkeys and increased viremias.  Together, these data suggest
that IFN-β plays a key role in the host defense mechanism and
that IFN-β may potentially serve as a treatment for EBOV hem-
orrhagic fever.

226
NSs PROTEIN OF RIFT VALLEY FEVER VIRUS BLOCKS
INTERFERON PRODUCTION BY INHIBITING HOST
GENE TRANSCRIPTION Agnès Billecocq1, Martin Spiegel2,
Pierre Vialat1 Alain Kohl1 Friedemann Weber2 Michèle Bouloy1

and Otto Haller2, 1Unité de génétique moléculaire des
Bunyaviridés, Institut Pasteur, Paris, France; 2Department of
Virology, University of Freiburg, Freiburg, Germany

Rift Valley fever virus (RVFV) is an important cause of epizootics
and epidemics in Africa and a potential agent of bioterrorism. A
better understanding of the factors that govern RVFV virulence
and pathogenicity is required, given the urgent need for antiviral
therapies and safe vaccines. We have previously shown that
RVFV strains with mutations in the NSs gene are excellent induc-
ers of type I (a/b) interferon (IFN) and are highly attenuated in
mice. Here, we demonstrate that NSs is sufficient to block IFN-b
gene expression at the transcriptional level. In cells transiently
expressing NSs, IFN-b transcripts were not inducible by viral
infection or by transfection of polyI:C. NSs with anti-IFN activi-
ty accumulated in the nucleus. In contrast, mutant forms of NSs
that had lost their IFN-inhibiting activity remained in the cyto-
plasm, indicating that nuclear localization plays a role. IFN syn-
thesis is regulated by specific transcription factors including IRF-
3, NF-kB and AP-1. In the presence of NSs, IRF-3 was still acti-
vated and moved to the nucleus. Likewise, NF-kB and AP-1 were
activated normally, as shown in electrophoretic mobility shift
assays. Moreover, NSs was found to inhibit transcriptional activ-
ity of a constitutive promoter, in agreement with recent findings
showing that NSs targets the basal cellular transcription factor
TFIIH. The present results suggest that NSs, unlike other viral
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P<0.0001 and RA 3.1 ng/ml ±0.32 P<0.05). By contrast, normal
human foreskin fibroblasts produced considerably lower levels of
HtrA1 (0.48 ng/ml ±0.05) and were unresponsive to PMA. A
recombinant form of HtrA1 was generated in bacteria and puri-
fied. This induced a dose dependent increase in MMP-1, 3 and
13, but not MMP-2, expression in synovial fibroblasts after 24
hrs incubation. This effect was abolished by co-incubation with a
specific HtrA1 inhibitor. In addition, recombinant HtrA1 degrad-
ed both purified and SF derived fibronectin, producing various
sized fragments as determined by SDS-PAGE, which are known
instigators of inflammatory responses in arthritic conditions. This
effect was also down regulated following the addition of HtrA1
inhibitor. HtrA1 may therefore play a central role in the patho-
genesis of arthritis and its targeting by specific inhibitors repre-
sents a novel therapeutic approach.

384
GENE TARGETS OF INTERLEUKIN-17 RECEPTOR SIG-
NALING: RELATIONSHIP TO INFLAMMATORY BONE
DISEASE Matt Ruddy1, Fang Shen2, Grace Wong2, Pamela J.
Baker3, Richard T. Evans2, and Sarah L. Gaffen1,2, 1Dept. of
Microbiology & Immunology, 2Dept. of Oral Biology, University
at Buffalo, State University of New York, Buffalo NY, USA 3Bates
College, Lewiston ME, USA

IL-17 is the founding member of an emerging family of inflam-
matory cytokines whose functions remain poorly defined. IL-17
levels are elevated in rheumatoid arthritis (RA), and numerous
studies implicate IL-17 in bone destruction. A hallmark feature of
IL-17 is its ability to synergize with other cytokines to upregulate
target genes. For example, IL-17 and TNFa synergistically regu-
late expression of IL-6. Despite the many observations of IL-17
signaling synergy, little is known about the molecular mecha-
nisms that underlie this phenomenon. Here, we show that at least
part of the functional cooperation between IL-17 and TNFa
occurs at the level of IL-6 transcription.  Both the NF-kB and
C/EBP sites in the IL-6 promoter are important for cooperative
gene expression, but NF-kB is not the direct target of the com-
bined signal.  Microarray analysis identified C/EBPd as another
gene target of IL-17- and TNFa-induced signaling.  C/EBP fami-
ly members are known to control IL-6 transcription.
Accordingly, we showed that C/EBPd was essential for expres-
sion of IL-6, and over-expression of C/EBPd could substitute for
the IL-17 signal. To examine IL-17R signaling in vivo, we used a
model of infection-induced bone loss in IL-17R-/- mice.
Specifically, mice infected with the periodontal pathogen
Porphorymonus gingivalis (Pg) experience severe bone loss in
the alveolar bone crest of the jaw, an effect that is strictly depend-
ent on the immune response.  In mouse models of RA, IL-17
plays a pathological role in bone destruction.  However, IL-17R-
deficient mice showed enhanced bone loss in response to Pg.
Neutrophils are generally considered to be bone-protective in
periodontal disease, because P-selectin-/- and ICAM-/- mice show
enhanced bone loss, and neutrophil defects are associated with
severe periodontitis in humans.  Consistently, we showed that IL-
17 induces expression of neutrophil-activating chemokines, LIX,
Groa and MIP-2.  Thus, IL-17 exerts contrasting effects on bone
loss depending on disease context.

385
TOLL-LIKE RECEPTOR SIGNALING AND GENE REG-
ULATION Shizuo Akira, Hiroaki Hemmi, and Masahiro

Yamamoto, Department of Host Defense, Research Institute for
Microbial Diseases, Osaka University, Suita, Osaka, JAPAN

Individual Toll-like receptor (TLR) recognizes distinct compo-
nents derived from pathogens, and triggers inflammatory and
immune responses including production of cytokines and
chemokines as well as activation of dendritic cells. TLR recruits
IL-1 receptor associated kinase (IRAK) via adaptor MyD88, and
finally induces activation of NF-kB and MAP kinases. Although
MyD88 is essential for the responses to all TLR ligands except
for TLR3 and TLR4 ligands. the TLR3- and TLR4-mediated sig-
naling possesses a MyD88-independent pathway, which is acti-
vated by another adapter molecule, TRIF. The TRIF-dependent
pathway activates IRF3 phosphorylation, which causes transloca-
tion of IRF3 from the cytoplasm to the nucleus, and finally induc-
tion of type 1 interferons. Recently IKK-related kinases, TBK1
and IKKi/ε were suggested to be involved in IRF3 activation.
Gene targeting of these kinases showed that TBK1 but not IKKi
plays a crucial role in the MyD88-independent pathway of TLR3
and TLR4 signaling. We also identified by gene targeting the
functional role of IkBzeta, an LPS inducible, ankyrin repeat con-
taining nuclear protein. IkBzeta is indispensable for mRNA
induction of a subset of TLR ligand inducible genes including IL-
6, G-CSF, IL-12p40 and GM-CSF. This indicates that induction
of these genes takes place in a two-step mechanism in which
microbial components induce IkBzeta mRNA, and then the
induced IkBzeta protein associates with NF-kBp50, resulting in
activation of a subset of TLR-regulated genes. 

386
NEW BDTM CYTOMETRIC BEAD ARRAY FLEX SET
PLATFORM AND THE BD FACSARRAYTM BIOANALYZER:
A NOVEL, MORE FLEXIBLE APPROACH FOR THE
MEASUREMENT OF MULTIPLE ANALYTES FROM A
SINGLE SAMPLE. Edward L. Morgan, BD-Sciences, San
Diego, CA

The introduction of flow cytometric bead-based technology is an
advanced approach for investigators to simultaneously measure
multiple analytes in biological and environmental samples.  This
technology allows for: (1) evaluation of multiple analytes in a sin-
gle sample; (2) utilization of minimal sample volumes to glean
data; (3) direct comparison with existing assays; and (4) a rapid
evaluation of multiple samples in a single platform.  This technol-
ogy allows for the design and creation of assays to measure a vari-
ety of analytes including, cytokines, chemokines, inflammatory
mediators, intracellular signaling molecules, immunoglobulin iso-
types, apoptotic mediators, adhesion molecules and specific anti-
body responses. The BD Cytometric Bead Array (CBA) provides
the ability to quantify multiple proteins within a given sample,
with precision and consistency.  We have recently expanded this
technology to include BD™ Cytometric Bead Array Flex Sets
which are a micro-particle based immunoassay system using
beads containing two fluorescent dyes to generate up to 75 distinct
bead populations. The new expanded BD CBA Flex Set platform
can be multiplexed “on-demand” to suit the changing needs of
your laboratory. The BD FACSArray™ bioanalyzer sets a new
standard for fast and sensitive high-content analysis in cell biolo-
gy, immunology, and drug discovery applications. Together, the
BD CBA assays and the BD FACSArray bioanalyzer yield a fast,
easy-to-use, and flexible multiplex assay system for the analysis of
secreted proteins as well as intracellular signaling proteins (e.g.,
MAP Kinases).  Results will be presented, utilizing this system,  to
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demonstrate  the simultaneous measurement of multiple
cytokines/chemokines derived from Systemic Lupus, coagulant
plasma, and serum samples derived from pediatric sepsis patients.
Moreover, multi-parameter analysis of cell signaling molecules
derived from cell lysates will be shown.   The ability to evaluate
immune function by measuring the proteins produced by cells in
the immune response while monitoring complex intracellular sig-
naling events  is extremely useful in immunology research, drug
discovery and clinical monitoring.

387
LONG-TERM EXPRESSION OF ANTI-HIV-1 SHRNA IN
CD34+ CELLS DOES NOT INDUCE THE INTERFERON
RESPONSE OR CHANGE THE CYTOKINE PRODUC-
TION PROFILE Marjorie A. Robbins1, Minjie Li1, Irene
Leung2, Doris, Boyer2, Yong Song2, and John J. Rossi1,
1Department of Molecular Biology, Beckman Research Institute,
City of Hope, Duarte, CA, USA, 2Beckman Coulter, Inc.,
Fullerton, CA, USA.

RNA interference (RNAi) significantly reduces HIV-1 replication
when short double-stranded hairpin RNAs (shRNA) with stems
of 21 nt, homologous to the target RNA, are used. The interfer-
on response induced by dsRNAs greater than 30 nt causes inter-
feron gene upregulation, translation inhibition, mRNA degrada-
tion and apoptosis.  To examine the interferon response in CD34+
cells expressing shRNA, CD34+ cells were transduced with
lentiviruses encoding  shRNA against HIV-1 Rev and sorted for
Green Fluorescent Protein (GFP).  After 7 days, cells were dif-
ferentiated into macrophages by GM-CSF and M-CSF.  On days
7 and 14, post-differentiation cells were analyzed for expression
of GFP, CD14 (monocyte marker) and CD11b (Mac-1).  Real-
time PCR was performed for the IFN-inducible genes
2’5’oligoadenylate synthetase (OAS1), MxA and IFNbeta.
Supernatants were examined for 18 cytokines and chemokines
using multiplex immunoassays kits* for Beckman Coulter’s A2TM

Microarray System.  The results indicate that CD34+ cells trans-
duced with shRNA and grown for 30 days in culture do not show
upregulation of OAS1, MxA or IFNbeta over levels in control
CD34+ cells; whereas addition of as little as 250 U/ml of
IFNalpha causes upregulation of OAS1 (10-fold), MxA (40-fold)
and IFNbeta (2-fold).  CD34+ cells expressed similar levels of
CD14 and CD11b, whether or not they also expressed shRNA,
suggesting that these cells are differentiating normally into
monocytes and macrophages.  The addition of 1000 U/ml
IFNalpha inhibited differentiation into macrophages of CD34+
cells by 50%.  Of 18 cytokines and chemokines, four (IL-1ra, IL-
8, MCP-1 and RANTES) were detected at pg/ml levels in CD34+
cells.  These same cytokines and chemokines were always detect-
ed in both control cells and those expressing shRNA, and no
additional cytokines or chemokines were detected in CD34+ cells
expressing shRNA.  The same pattern of cytokine and chemokine
expression occurred in cells induced to differentiate into
macrophages, although the levels of expression were changed.
Taken together, these results suggest that expression of shRNAs
in CD34+ cells from cord blood does not cause the interferon
response or change the normal cytokine profile.
* For research use only.  Not for use in diagnostic procedures.

388
INTERFERON REGULATORY FACTOR 5 POSSESSES
AN INTRINSIC NUCLEAR EXPORT SIGNAL BUT IS

NOT RESPONSIVE TO TBK1 OR IKKΕΕ MEDIATED
PHOSPHORYLATION Rongtuan Lin1,3, Claudia Penafuerte1,3,
Meztli Arguello1,2, and John Hiscott1-3. Lady Davis Institute, and
Depts. of Microbiology & Immunobiology2 and Medicine3,
McGill University, Montreal, Canada. 

Interferon/chemokine affect diverse biological processes includ-
ing immune responsiveness and cell growth/maturation. Several
studies demonstrated that IRF-3, IRF-5 and IRF-7 transcription
factors possess unique biological features that implicate these
proteins as important IRFs with regard to direct induction of the
antiviral, growth regulatory and immune modulatory functions of
the interferon system. It has been reported that virus-specific
phosphorylation leads to IRF-5 nuclear localization and upregu-
lation of interferon, cytokine and chemokine gene expression.
Two nuclear localization signals (NLS) have been identified in
IRF-5 and it has been demonstrated that both of these NLS are
sufficient for nuclear translocation and retention in virus infected
cells. In the present study, we demonstrate that a CRM1-depend-
ent nuclear export pathway is involved in the regulation of IRF-5
subcellular localization. IRF-5 possesses a functional nuclear
export signal (NES) that controls dynamic shuttling between the
cytoplasm and the nucleus. Mutation of two leucine residues in
NES motif to alanine or three adjacent Ser/Thr residues to phos-
phomimetic Asp resulted in constitutively nuclear IRF-5. These
results suggested that in unstimulated cells the NES element is
dominant, resulting in the predominant cytoplasmic localization
of IRF-5; while the phosphorylation of adjacent Ser/Thr residues
may contribute to IRF-5 nuclear accumulation in virus-induced
cells. IKK-related kinases TBK1 and IKKε have been shown to
phosphorylate and activate IRF-3 and IRF-7, leading to the pro-
duction of type 1 interferons and the development of a cellular
antiviral state. We examined the phosphorylation and activation
of IRF-5 by TBK1 and IKKε kinases. Although IRF-5 is phos-
phorylated by IKKε and TBK1 in cotransfected cells, the phos-
phorylation of IRF-5 did not lead to IRF-5 nuclear localization or
gene activation. Thus, IRF-5 is not activated by TBK1/IKKε
mediated phosphorylation.

389
REGULATORY CYTOKINES AND REGULATORY T
CELLS SUPPRESS ANTI-TUMOUR IMMUNE RESPONS-
ES IN THE LUNGS Joanne Lysaght, Andrew Jarnicki, Stephen
Todryk and Kingston Mills. Immune Regulation Research Group,
Biochemistry Department, Trinity College, Dublin, Ireland. 

Anti-inflammatory cytokines, including interleukin (IL)-10 and
transforming growth factor (TGF)-β, have profound and mostly
deleterious effects on anti-tumour immune responses.
Progressing tumours utilise these cytokines to facilitate their
growth and metastasis. Inflammatory cytokines, especially inter-
feron (IFN)-γproduced by natural killer cells and T cells can have
potent anti-tumour properties and are activated during anti-
tumour immune responses.  We have found, using a colon carci-
noma cell line CT26 in a murine lung metastases model, that the
regulatory cytokine IL-10 is up regulated in the lung during
tumour development. Depletion of CD4+ T cells enhanced IFN-γ
production by CD8+ T cells and significantly reduced the number
of metastases in the lungs.  In contrast, depletion of CD4+ T cells
or CD25+ T cells had only a marginal effect on the same tumour
administered by a subcutaneous route. Our data suggest that in
the lungs growth of the tumour is associated with the induction of
IL-10 and IL-10-secreting regulatory T (Tr) cells, which inhibit
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local anti-tumour immunity, thus facilitating tumour survival. In
the subcutaneous tumour model, local administration of an IL-10
promoting pathogen-derived molecule, cholera toxin (CT), sig-
nificantly augmented survival of the tumour, whereas an IFN-γ
promoting immunotherapeutic agent, CpG-oligonucleotides sig-
nificantly reduced tumour growth. CT in combination with Toll-
like receptor ligands promotes IL-10 production from dendritic
cells (DC) and generates inducible Tr cells, whereas CpG-ODN
enhance IL-12 production from DC and direct the induction of
Th1 and CD8+ CTL. These findings suggests that anti-tumour
immunity can be inhibited by regulatory type T cells and that the
induction of these cells as well as being enhanced by the tumour
itself is also facilitated during tumour development at mucosal
sites.

390
SELECTIVE INHIBITION OF NF-KB AND ENHANCED
MYD88-INDEPENDENT GENE TRANSCRIPTION
DETERMINE THE PHENOTYPE OF TUMOR
ASSOCIATED MACROPHAGES Subhra K. Biswas1, Lisa
Gangi2, Saki Paul1, Tiziana Schioppa1, Alessandra Saccani1,
Marina Sironi1, Manuela Nebuloni4, Barbara Bottazzi1, Luca
Vago4, Alberto Mantovani113, Antonio Sica1, 1Istituto di Ricerche
Farmacologiche Mario Negri,  20157 Milan, Italy, 2Microarray
Research Group, Laboratory of Molecular Technology, National
Cancer Institute-SAIC,   Frederick, USA. 3Centro di Eccellenza
per l’Innovazione Diagnostica e Terapeutica, Institute of
Pathology, State University of Milan, 20133 Milan, Italy,
4Institute of Pathology, Department of Clinical Sciences L. Sacco,
University of Milan, 20157 Milan, Italy

To identify the molecular basis underlying the protumoral pheno-
type of Tumor Associated Macrophages (TAM), we investigated
the gene expression profile of both peritoneal elicited
macrophages (PEC) and TAM, isolated from the murine
MN/MCA1 fibrosarcoma, by using a cDNA microarray technol-
ogy.  Among the differentially modulated genes, those most abun-
dantly expressed in TAM with relevance to inflammation and
immunity, were validated by real-time PCR and protein produc-
tion (ELISA).  Resting TAM showed a characteristic transcrip-
tome, defined by higher expression of genes encoding for IFN-
inducible chemokines (CCL2, CCL5, CXCL9, CXCL10,
CXCL16 and RANTES), immunosuppressive cytokines (IL-10
and TGF-b) and  phagocytosis-related surface molecules/recep-
tors (Msr2 and C1q). Compared to PEC, lipopolysaccharide
(LPS)-mediated activation of TAM resulted in defective expres-
sion of several proinflammatory cytokines (e.g. IL-1b, IL-6,
TNF-a) and chemokines (eg. CCL3), as opposed to up-regulation
of immunosuppressive cytokines (IL-10, TGFb) and IFN-
inducible chemokine (CCL2, CCL5, CXCL10).  Molecular pro-
file of TAM showed defective activation of NF-kB but a func-
tional activation of IRF-3.  These results define TAM as a unique
population characterized by high expression of immunosuppres-
sive cytokines and selective activation of MyD88-independent
expression of IFN-inducible chemokines, possibly specialized in
trapping and suppression of infiltrating leukocytes.

391
EFFECTS OF ACUTE ETHANOL ON MAPKS, STAT-
JAKS, AND HEPATITIS C VIRUS REPLICATION IN
HUMAN LIVER CELLS Courtney Plumlee, Kristen Miller,
Cathy Lazaro, Nelson Fausto, and Stephen J. Polyak.

Departments of Laboratory Medicine, Pathology, and
Microbiology, University of Washington, Seattle, WA, USA

Alcohol abuse reduces response rates to IFN therapy and exacer-
bates liver disease in the HCV infected patient. To investigate the
molecular mechanisms surrounding this modulation, we charac-
terized the effects of acute ethanol on MAPK, Stat-Jak, and
CXCL-8 pathways in Huh7 human hepatoma cells, in HCV repli-
con cells, and in primary human hepatocytes. Physiologic doses
of ethanol activated p42/44 and p38 MAPK. Acute ethanol
induced Stat1 S727 phosphorylation, activation of the ISRE,
induced ISGs, and inhibited HCV replication in a dose-depend-
ent fashion. Ethanol activation of the ISRE was partially prevent-
ed by small molecule inhibition of p42/44 and p38 MAPK.
However, ethanol stimulation of the ISRE still occurred in Stat1
knock out mouse cells, in knock out mouse cells reconstituted
with mutant S727A Stat1, and in Huh7 cells transfected with
dominant negative Stat1 mutants. In contrast, acute ethanol inhib-
ited IFN-alpha induction of Stat1 Y701 phosphorylation and the
IFN-induced antiviral response against HCV. CXCL-8 promoter
activity, mRNA expression, and protein levels were significantly
higher in the stable HCV replicon cell line BB7 as compared with
Huh7 cells, and acute alcohol activated the CXCL-8 promoter in
both cell types. The data indicate that acute alcohol stimulates the
IFN system via Stat1 dependent and independent mechanisms.
However, ethanol inhibits the antiviral actions of IFN. The effects
of ethanol on HCV replication are associated with complex
deregulation of MAPKs, Stat-Jak, CXCL-8, and possibly other
innate cellular defense pathways.

392
VARIATION IN HUMAN ANTIVIRAL 2´5´AS ENZYME
ACTIVITY IS GENETICALLY CONTROLLED. L. Leigh
Field, Vagn Bonnevie-Nielsen, Shao Lu, Dong-Jun Zheng, Pia M.
Martensen, Thomas B. Nielsen, Henning Beck-Nielsen, Yu-Lung
Lau, Flemming Pociot, 1Department of Medical Genetics,
University of British Columbia, Vancouver, Canada, 2Department
of Pathology and Laboratory Medicine, University of British
Columbia, Vancouver, Canada, 3Department of Molecular
Biology, Aarhus University, Aarhus, Denmark, 4Department of
Endocrinology, Odense University, Odense, Denmark,
5Department of Pediatrics and Adolescent Medicine, University
of Hong Kong, Hong Kong, China, 6Steno Diabetes Centre,
Gentofte, Denmark

It is likely that human genetic differences mediate susceptibility
to viral infection and virus-triggered disorders. Following virus
exposure, interferon-a initiates an innate immune defense by
inducing numerous genes, including OAS genes that encode the
critical antiviral enzyme 2´5´-oligoadenylate synthetase
(2´5´AS). This enzyme catalyzes the linking of ATP into 2´5´-
oligoadenylates, which activate RNaseL (latent ribonuclease).
RNaseL degrades  viral and cellular RNA, inhibiting virus repli-
cation and promoting death of infected cells. Constitutive activi-
ty of 2´5´AS varies among individuals and could influence
immune response to pathogenic viruses.  Here, we demonstrate
by family studies that basal 2´5´AS activity is genetically con-
trolled. In 83 Danish families with 2 parents and 2 children, sig-
nificant correlations between enzyme activities were observed
for parent-child pairs (correlation coefficient r = 0.35; p value
<0.0001) and sibling pairs (r = 0.32; p = 0.0044) but not for
spouse pairs (r = 0.14; p > 0.05, not significant). A completely
genetic trait would show correlations of 0.5 for parent-child and
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sibling pairs (who share 50% of their genes), and no correlation
between genetically unrelated spouses. Thus, the results demon-
strate that basal 2´5´AS activity is under genetic control.  Genetic
typing of polymorphisms across the OAS gene cluster suggests
that genetic control of enzyme activity resides primarily at the
OAS1 gene.

393
IDENTIFICATION AND CHARACTERIZATION OF
INTERLEUKIN 24 AND ITS RECEPTORS Peng Liang,
Department of Cancer Biology Vanderbilt-Ingram Cancer Center,
Nashville, Tennessee

Using Saturation Differential Display screening strategy, we have
identified an oncogenic ras target gene which encodes a novel 30
kD secreted protein with significant homology to the interleukin
10 (IL-10) family of cytokines (Zhang et al., 2000). Functional
analysis indicated that this protein is secreted by activated periph-

eral blood mononuclear cells and is the ligand for two het-
erodimeric receptors, IL-22R1/IL-20R2 and IL-20R1/IL-20R2.
The latter is also the receptor for IL-20. With the approval of
HUMO Gene Nomenclature Committee, we have named this new
IL-10 family of cytokine IL-24 (Mai et al., 2002). Binding of IL-
24 to either of its endogenous receptors on human keratinocytes or
to ectopically expressed receptors on baby hamster kidney (BHK)
cells leads to activation of the signal transducers and activators of
transcription (STATS). These results provide compelling evidence
for IL-24 being the fourth member of IL-10 family of cytokines to
which their specific receptors have been identified. The roles of
IL-24 signaling in ras oncogene-mediated cell transformation and
wound healing process will be discussed.
Zhang, R., Tan, Z. and Liang, P. Identification of a novel ligand-
receptor pair constitutively activated by ras oncogene. (2000) J.
Bio. Chem. 275:24436-24443., Wang, M.,Tan,Z., Zhang,
R.,Kotenko, S. V. and Liang, P.: Interleukin-24 (Mob-5/Mda-7)
Signals through Two Heterodimeric Receptors, IL-22R1/IL-20R2
and IL-20R1/IL-20R2. (2002) J. Bio. Chem 277:7341-7347.
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