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CCR2 Mediates Recruitment of Pathogenic Intraepithelial Lymphocytes to the Gut 
During Toxoplasma gondii Infection 

 
Charlotte E. Egan1, Melanie D. Craven2, Jin Leng1, Kenneth W. Simpson2  

and Eric Y. Denkers1 

Departments of 1Microbiology and Immunology and 2Clinical Sciences,  
College of Veterinary Medicine, Cornell University, Ithaca, NY 14853 

 
 
     Mice of the C57BL/6 strain develop acute ileal inflammation following infection 
with the protozoan parasite Toxoplasma gondii. This pathology resembles many key fea-
tures of human Crohn's disease, including a Th1 cytokine profile with high levels of 
IFN-γ, IL-12 and TNF-γ, presence of pathogenic CD4+ T cells, and infiltration of gut 
flora into inflammed tissue. Using CCR2-/- mice, we now identify a role for this 
chemokine receptor in pathogenesis of inflammatory pathology during T. gondii infec-
tion. Lack of CCR2 was associated with low levels of CD8+CD103+ T lymphocytes in 
the intraepithelial compartment, Peyer's patch and lamina propria relative to wild-type 
animals. Adoptive transfer of wild-type, but not IFN-γ-/-, intraepithelial CD8+CD103+ T 
lymphocytes converted CCR2 knockout mice from a resistant to susceptible phenotype 
with respect to parasite-triggered inflammatory gut pathology. These results for the first 
time demonstrate a role for CD8+CD103+ intraepithelial T lymphocytes in pathogenesis 
of ileitis triggered by a microbial pathogen. 
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Inhibition of Pulmonary Anti-Bacterial Defense by IFN-γ Produced During  
Recovery from Influenza Virus Infection 

 
Keer Sun and Dennis W. Metzger 

Center for Immunology & Microbial Disease  
Albany Medical College, Albany, NY 12208 

 
 
      Secondary bacterial infection often follows pulmonary virus infection and is a com-
mon cause of severe disease in humans, yet the mechanisms responsible for this viral-
bacterial synergy in the lung are only poorly understood.  We now report that pulmonary 
IFN-γ produced during T cell responses to influenza infection in mice inhibits initial 
bacterial clearance from the lung by alveolar macrophages.  This suppression of phago-
cytosis is correlated with levels of lung IFN-γ but not viral burden, and leads to en-
hanced susceptibility to secondary pneumococcal infection, which can be prevented by 
IFN-γ neutralization following influenza infection.  Direct inoculation of IFN-γ can 
mimic influenza infection and its inhibitory effect appears to be mediated through down 
regulation of the class A scavenger receptor MARCO (macrophage receptor with colla-
genous structure).  Thus, IFN-γ, while likely facilitating induction of specific anti-
influenza adaptive immunity, suppresses innate protection against extracellular bacterial 
pathogens in the lung. 
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The Influence of Genetic Background on NKT Cell Function 
 

Jonathan Boyson 
University of Vermont, Burlington, VT 

 
 
 NKT cells comprise an unusual T lymphocyte subset that have been implicated in 
a wide variety of diseases. Upon activation, NKT cells rapidly produce large amounts of 
a wide variety of cytokines, and can elicit the downstream activation of both innate and 
adaptive immune cell subsets such as NK cells, dendritic cells, macrophages, and B 
cells.  These characteristics suggest that NKT cells could play a pivotal early role in 
shaping the developing immune response. Therefore, alterations in NKT cell function 
might be expected to have a dramatic impact on immune function and disease among 
different genetic backgrounds.  Here, we demonstrate the presence of widespread natural 
variation in NKT cell number and function among a number of different mouse genetic 
backgrounds. We further demonstrate that strain-dependent variation in NKT cell func-
tion dictates the shared susceptibility to multiple NKT-mediated diseases, and provide 
evidence implicating the strain-dependent variation in NKT cell function in the modula-
tion of innate immune responses.  
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The ImageStream System: Applications of Imaging in Flow for Immunology,  
Hematology, and Stem Cell Research 

 
Brian Hall, Ph.D. 

Senior Research Scientist, Amnis Corporation 
 
      
       Humans can rapidly differentiate cells with very subtle differences in their imagery. 
However, manual classification suffers from a lack of objectivity, repeatability, through-
put, and statistical significance, and such per-cell subjectivity makes it difficult to iden-
tify changes in large populations of cells using traditional microscopic techniques.  
Amnis Corporation has developed the ImageStream high speed multispectral imaging 
flow cytometer that addresses these traditional limitations. This instrument automatically 
acquires up to six different spatially registered images (brightfield, darkfield, and four 
fluorescent) per cell in flow at very high rates using a digital CCD camera. The digital 
imagery obtained is analyzed using the IDEAS statistical image analysis program which 
provides tools for the objective numerical scoring and discrimination of cells based on 
the characteristics of their imagery, including size, shape, signal strength, texture, and 
location/co-localization based metrics. Thus, the ImageStream combines the quantitative 
power of large sample sizes common to flow cytometry with the high information con-
tent present in microscopic images, enabling objective image-based cytometry for large 
populations of cells. Here we demonstrate application of ImageStream cytometry to sev-
eral biological systems, including the analysis of nuclear translocation, internalization 
and sub-cellular organelle trafficking, localization to the immune synapse, cell cycle, 
and apoptosis. Data from cell lines as well as rare primary cells will be presented.  
 



 

48  

 
 
 
 
 

Session IV 
 

Selected 
Oral Poster 

Presentations 



 

49 

Thermal Facilitation of Lymphocyte Trafficking Involves Temporal Induction of  
Intravascular ICAM-1 

 
Muhitch, J.1, Appenheimer, M.M.1, Chen, Q.1, Fisher, D.1, Clancy, K.A.1, Miecznikowski, 

J.C.2, Wang, W.C.1, and Evans, S.S.1 
Department of Immunology1 and Department of Biostatistics2,  

Roswell Park Cancer Institute, Carlton & Elm Streets, Buffalo, New York 14263, USA 
 
 
 The highly conserved fever response has been causally associated with improved sur-
vival during infection and inflammation, although the beneficial mechanism is not well under-
stood. Previous studies indicate that the thermal element of fever augments lymphocyte migra-
tion across high endothelial venules (HEVs) of lymphoid organs by increasing the intravascular 
display of the gatekeeper trafficking molecule, intercellular adhesion molecule-1 (ICAM-1). 
Here, we evaluated the spatio-temporal relationship between thermal induction of intravascular 
ICAM-1 and lymphocyte trafficking in mice exposed to fever-range whole body hyperthermia 
(39.5 ± 0.5°C). A linear relationship was observed between the duration of heat treatment and 
intravascular ICAM-1 density in HEVs with administration of thermal stress for < 2 hours hav-
ing minimal effects while enhanced responses were detected after 5-6 hours of continuous heat 
treatment. Circulating lymphocytes were able to sense incremental changes in ICAM-1 on 
HEVs such that trafficking is proportional to the intravascular density of ICAM-1. We further 
identified a hydroxamate-sensitive shedding mechanism that is necessary for restoring ICAM-1 
expression to homeostatic levels following cessation of thermal stress. These studies under-
score the key role played by ICAM-1 in governing the efficiency of lymphocyte interactions 
with HEVs in vivo and have uncovered an unexpected role of metalloproteinase activity for 
both the induction of ICAM-1 and its restoration to homeostatic levels. (Supported by NIH 
grants CA79765 and CA094045). 
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Transient Activation of Tumor-associated T-effector/memory Cells Promotes Tumor 
Eradication via NK-cell Recruitment: Minimal Role for Long-term T-cell Immunity in 

Cure of Metastatic Disease 
 

Tao Gu, Mehmet O. Kilinc and Nejat K. Egilmez 
Department of Microbiology and Immunology, University at Buffalo, State University of New 

York, 138 Farber Hall, 3435 Main Street, Buffalo, NY 14214 
 
 

Local delivery of IL-12 and GM-CSF to advanced primary tumors results in T- and NK-
cell-dependent cure of disseminated disease in a murine spontaneous lung metastasis model.  
Post-therapy functional dynamics of cytotoxic T- and NK-cells were analyzed in primary and 
metastatic tumors to determine the specific roles of each subset in tumor eradication. Time-
dependent depletion of CD8+ T and NK-cells demonstrated that CD8+ T-cells were critical to 
eradication of metastatic tumors within 3 days of treatment, but not later. In contrast, NK-cells 
were found to be essential to tumor regression for at least 10 days after cytokine delivery. 

Analysis of tumor-infiltrating lymphocyte populations in post-therapy primary tumors 
demonstrated that treatment resulted in the activation of tumor-associated CD8+ T-cells within 
24 hours as determined by IFNγ and perforin production.  T-cell activity peaked between days 
1 and 3 and subsided rapidly thereafter. Activation was not accompanied with an increase in 
cell numbers suggesting that treatment mobilized pre-existing T-effector/memory cells without 
inducing proliferation. In contrast, therapy resulted in a ≥ 3-fold enhancement of both the quan-
tity and the cytotoxic activity of NK-cells in primary and metastatic tumors on day 3 post-
therapy.  NK-cell activity was also transient and subsided to pre-therapy levels by day 5. De-
pletion of CD4+ and CD8+ T-cells prior to treatment completely abrogated NK-cell infiltration 
into primary and metastatic tumors demonstrating the strict dependence of NK-cell recruitment 
on pre-existing T-effector/memory cells. Treatment failed to induce significant NK-cell infil-
tration in IFNγ-knockout mice establishing the central role of IFNγ in NK-cell chemotaxis to 
tumors.    

These data show that transient activation of tumor-associated T-effector/memory and 
NK-cells, but not long-term CD8+ T-cell responses, are critical to suppression of metastatic 
disease in this model; and reveal a novel role for pre-existing adaptive T-cell immunity in the 
recruitment of innate effectors to tumors. 
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Treatment of Dendritic Cells with the B pentamer of the LT-IIa Heat-labile Enterotoxin 
of Escherichia coli Enhances Uptake and Presentation of Antigen 

 
Chang Hoon Lee and Terry D. Connell 

The Department of Microbiology and Immunology AND The Witebsky Center for Microbial 
Pathogenesis and Immunology, The University at Buffalo, Buffalo, NY 

 
 
     The B pentamer of the type IIa heat-labile enterotoxin of Escherichia coli, which bind to 
ganglioside receptors located on the surface of immunocompetent cells, has been shown to be a 
potent mucosal adjuvant.  LT-IIaB5 when employed as an intranasal adjuvant in a murine mu-
cosal immunization model significantly enhanced IgA- and IgG-specific immune responses to 
co-administered antigens (Ags).  The mechanisms by which LT-IIaB5 elicits enhances Ag-
specific immune responses, however, have not been well elucidated.  In this study, we investi-
gated the effects of the B pentamers of LT-IIa (LT-IIaB5) on the initial steps of the immune re-
sponse: Ag uptake and Ag presentation.  Treatment of bone marrow-derived murine dendritic 
cells (BMDC) with LT-IIaB5 increased uptake of several FITC-labeled model Ags: dextran, 
ovalbumen (OVA), and a streptococcal surface Ag (AgI/II).  Enhanced uptake of Ag was corre-
lated with enhanced expression by BMDCs of CD86 (B7-2) and MHC-II, two surface markers 
which stimulate interaction with and activation of CD4+ T cells.  In contrast, treatment of 
BMDCs with LT-IIaB5 did not alter expression of CD80 (B7-1).  Mutant LT-IIaB5 pentamers 
having altered ganglioside-binding activities and BMDCs from knock-out strains of mice were 
employed to demonstrate that LT-IIaB5-dependent enhancement of Ag uptake and expression 
of B7-2 required (i) Toll like receptor 2 (TLR2) and (ii) retention of ganglioside binding by the 
B pentamer.  Treatment of BMDCs with LT-IIaB5 also potentiated Ag presentation; prolifera-
tion of naïve syngeneic DO11.10 CD4+ T cells was enhanced in vitro when the cells were co-
cultured with DCs which had been treated with OVA in the presence of LT-IIaB5.  These data 
strongly supported the hypothesis that the adjuvant properties of LT-IIaB5, at least in part, are 
due to enhanced uptake and presentation of Ag by DCs. 
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Assessing the Ability of the Francisella tularensis Outer Membrane Protein FopA to Act 
as a Subunit Vaccine Against Respiratory Tularemia 

 
Anthony J. Hickey, Karsten R.O. Hazlett, and Dennis W. Metzger 

Center for Immunology and Microbial Disease, Albany Medical College, Albany, NY 
 

 
 The long term objective of this work is to develop a vaccine to protect against respira-
tory tularemia which is caused by the pathogen Francisella tularensis.  The live vaccine strain 
(LVS) of F. tularensis, which is significantly attenuated in humans but still virulent in mice, 
has not been approved for use as a vaccine in the United States because it provides incomplete 
protection against fully virulent type A strains and the nature of the attenuation is unknown.  
Previous work from our laboratory has demonstrated that UV-inactivated F. tularensis, when 
administered intranasally in the presence of IL-12, provides protection in C57B/6 mice against 
the live vaccine strain (LVS) of F. tularensis.  Our focus is now to determine whether similar 
protection can be attained when mice are immunized with specific proteins from the bacterium.  
FopA is an abundantly expressed outer membrane protein of F. tularensis and is therefore a po-
tential vaccine candidate.  C57B/6 mice were immunized via multiple routes with liposome-
encapsulated recombinant-FopA (rFopA), in conjunction with IL-12 as adjuvant.  It was found 
that by western blotting and ELISA, the antisera from these mice reacted with both rFopA and 
endogenous FopA present within F. tularensis.  When challenged intranasally with a lethal 
dose of F. tularensis LVS, mice immunized with rFopA had a 4-day increase in median sur-
vival time compared to unimmunized mice. These results suggest that FopA-specific antibodies 
can provide protection against lethal respiratory challenge.  Experiments designed to further 
analyze and potentially augment this effect are currently in progress.  (Supported by NIH grant 
PO1 AI56320) 
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Influence of Viral Latency on CD8 T-cell Responses in γHV68 Infection 
 

Michael L. Freeman1, Tres Cookenham1, Kathleen Lanzer1, Eric J. Yager1, Ting-Ting Wu2, 
Alessandro Sette3, Ren Sun2, David L. Woodland1, and Marcia A. Blackman1 

1Trudeau Institute, Saranac Lake, NY 12983, 2UCLA, Los Angeles, CA 90095,  
3La Jolla Institute of Allergy and Immunology, La Jolla, CA 92037 

 
 

     Epstein-Barr virus (EBV) and Kaposi’s sarcoma-associated herpesvirus (KSHV) are human 
gammaherpesviruses that establish lifelong latent infections and can lead to transplantation 
complications, immunoproliferative disease, and cancer. There are currently no prophylactic or 
therapeutic vaccines for either of these viruses. Murine gammaherpesvirus-68 (γHV68) is a ro-
dent-specific pathogen that can be used to model EBV and KSHV infections in mice. Intranasal 
γHV68 infection of C57BL/6 mice leads to transient immunoproliferation in the spleen and es-
tablishment of latency in B cells, macrophages, and dendritic cells systemically. A robust virus-
specific CD8 T cell response develops; however, the full breadth of this response is not known 
as only a few epitopes have been characterized. Vaccination of mice with AC-RTA, a mutant 
γHV68 incapable of establishing latency, appears to provide sterilizing immunity from wild-
type γHV68 challenge, even in the absence of neutralizing antibody. Therefore, we examined 
differences in the specificity, phenotype, and functionality of virus-specific CD8 T cells fol-
lowing wild-type or AC-RTA infection. Using a panel of over 1380 MHC class I-restricted 
peptides, we have identified 47 potential novel anti-γHV68 CD8 T cell responses that may pro-
vide new avenues for peptide-based vaccine strategies. These responses can be separated into 
three categories, 1) responses that arise early in infection, but then diminish over time, 2) re-
sponses that arise early and are maintained at relative magnitude throughout infection, and 3) 
responses that arise late in infection and inflate over time. CD8 T cell responses to representa-
tive epitopes from these categories were tested by ELISpot, flow cytometry for surface mark-
ers, or for peptide-mediated cytokine synthesis to determine the phenotype and functionality of 
these novel responses. Interestingly, we observed a limited breadth of CD8 specificities follow-
ing AC-RTA infection, potentially identifying candidate responses that may confer the most 
protection from reactivation or viral rechallenge. By clarifying the differences in anti-viral CD8 
T cells following wild-type or AC-RTA infection, we may be able to characterize the influence 
of persistent antigen on the T cell response as well as identify specific immune correlates of 
sterilizing immunity.  
 
This work is supported by NIH grants AI042927 and AI049823.  
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Tumor-mediated Suppression of Myeloid to DC Differentiation via Down  
Regulation of PKC βII Expression 

 
Matthew R. Farren, Louise Carlson, Kelvin Lee 

Roswell Park Cancer Institute, Buffalo NY 
 

 
Cancer generates a state of immune suppression that contributes to tumor out-growth. 

One hallmark of tumor mediated immune suppression is a decreased number of dendritic cells 
(DC) and an accumulation of immature myeloid cells (myeloid derived suppressor cells, 
MDSC) that are themselves directly immunosuppressive. Impairment of DC differentiation is 
mediated by numerous tumor derived factors (TDFs) (e.g. VEGF) that activate Stat3. The 
mechanism by which Stat3 signaling subsequently inhibits DC differentiation has not been de-
fined. Previous work in our lab has identified protein kinase C β(beta)II (PKC βII) as being es-
sential in myeloid progenitor  DC differentiation and that knock down of PKC βII expression 
blocks DC differentiation. This leads us to hypothesize that TDF activation of Stat3 may inhibit 
DC differentiation by down regulating PKC βII expression.  
 To test our hypothesis, we utilized the hematopoietic progenitor-like cell line KG1. In 
response to the phorbol ester PMA, KG1 differentiates into a DC-like cell (KG1-DC). KG1 
cultured in media conditioned by a human (MCF-7) or murine (DA3) mammary cancer cell 
line had a 48% (DA3) and 51% (MCF-7) reduction in PKC βII protein levels. Additionally, tu-
mor conditioned media (TCM) treatment significantly decreased PKC βII mRNA transcript 
levels (38-fold reduction compared to untreated, p<0.01). Under our proposed model, de-
creased PKC βII expression should inhibit DC differentiation. Consistent with this, KG1 cul-
tured in MCF-7 conditioned media and then differentiated to KG1-DC elicited significantly 
less allogeneic T cell proliferation (a key measure of DC function) than KG1-DC generated in 
control media (p<0.01). 

To test the role of Stat3 activity on PKC βII expression, we have generated a series of 
clones stably expressing wild type (WT), constitutive active (CA), and dominant negative(DN) 
Stat3 constructs in K562, a second DC progenitor-like cell line. Compared to the parental cell 
line, PKC βII mRNA transcript levels were significantly reduced (>10-fold) in clones stably 
expressing the CA-Stat3 construct (p<0.1). Clones stably expressing the DN- or WT-Stat3 con-
structs have PKC βII mRNA transcript levels comparable to or greater than the parental cell 
line (no difference to 2.5 fold increase). Similarly, PKC βII protein levels in clones stably ex-
pressing the CA-Stat3 construct were reduced 75-95% compared to the parental cell line, while 
PKC βII protein levels in clones expressing the DN-Stat3 construct were increased 57-110%.  

We have found that culture of a myeloid progenitor cell line in TCM significantly de-
creases PKC βII mRNA transcript levels and protein levels, suggesting that TCM decreases 
PKC βII gene expression. Decreased PKC βII expression was accompanied by impairment in 
DC differentiation, as measured by a significant decrease in the ability of KG1-DC to stimulate 
allogeneic T cell proliferation. Expression of a CA-Stat3 construct significantly decreased PKC 
βII transcript levels in another DC progenitor-like cell line. Taken together, these observations 
support the hypothesis that TDFs inhibit DC differentiation by down regulation of PKC βII ex-
pression via Stat3 hyperactivation. 

Poster 14. 
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TLR9 Traffics via the Golgi to Localize to Endolysosomes and Respond  
to CpG DNA 

 
Annapoorani Chockalingam, James C. Brooks, Jody L. Cameron, Lisa K. Blum, and 

Cynthia A. Leifer 
College of Veterinary Medicine, Cornell University Ithaca, New York 14853 

 
 

Toll-like receptors (TLRs) are innate immune receptors important for host defense 
against pathogens. While many TLRs are present at the cell surface, those dedicated to 
recognition of various nucleic acid structures are retained in intracellular compartments. 
Nucleic acid structures recognized by TLRs include dsRNA by TLR3, single-stranded 
RNA by TLR7 and 8 and CpG DNA by TLR9. TLR9 also binds to self DNA, but nor-
mally only microbial DNA elicits a potent inflammatory response. The mechanism regu-
lating TLR9 discrimination of self and foreign DNA is unclear; however, inappropriate 
localization of TLR9 permits response to self DNA suggesting TLR9 localization and 
trafficking are critical components. Uncovering the molecular mechanisms of TLR9 traf-
ficking may provide new insight into the recognition of DNA in normal and pathological 
conditions such as autoimmune systemic lupus erythematosus, where inappropriate 
stimulation of TLR9 by self DNA perpetuates and aggravates the disease. We previously 
showed that TLR9 is predominantly retained in the endoplasmic reticulum (ER) and that 
TLR9 traffics to endolysosomes where CpG DNA recognition occurs. Here, we investi-
gated the requirement for the Golgi in TLR9 trafficking since recent studies have sug-
gested that TLR9 bypasses the Golgi during trafficking to early endosomes. Treatment 
with Brefeldin A, a drug that prevents anterograde trafficking and effectively fuses the 
ER and Golgi, blocked TLR9 signaling suggesting Golgi trafficking was required for 
TLR9 signaling. Further biochemical analysis, using newly developed assays, demon-
strated that a small pool of TLR9 constitutively exits the ER, traffics through the Golgi 
and resides in LAMP-1 positive vesicles. Treatment with CpG DNA induces additional 
TLR9 trafficking and when we examined the TLR9 bound to CpG DNA we found that it 
too had trafficked through the Golgi. Together, our data support a new model where 
TLR9 constitutively traffics within the cell, and uses traditional secretory pathways to 
reach CpG DNA in endolysosomes. 
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Pyrin-only protein 2 (POP2): Negative Regulation of the Inflammasome 
 

Jonathan A. Harton 
Center for Immunology and Microbial Disease, Albany Medical College 

 
 

Innate immune responses and inflammation involves the production of a variety 
of cytokines dependent, in part, upon the various actions of extracellular and intracellu-
lar pathogen receptors, such as the Toll-like receptors (TLRs) and the nucleotide-binding 
leucine-rich repeat proteins (NLRs).  Most inflammatory cytokines, including TNFα and 
IL-1β are transcriptionally upregulated following TLR activated NF-kB and MAPK sig-
nals.  IL-1β and IL-18 must however, be processed enzymatically by Caspase-1.  This 
process is initiated by the dynamic, multiprotein inflammasome complex triggered by 
pathogen activation of one or more NLRs that seed inflammasome assembly.  Inflam-
masome assembly typically requires the recruitment of ASC to the NLR in a pyrin do-
main-dependent fashion followed by CARD domain-dependent recruitment of Caspase-
1.  Accordingly, pyrin-only and CARD-only proteins should regulate inflammasome for-
mation and/or activity.  Both classes of protein have been described with little departure 
from this model of action, further a viral POP2 essential to the pathogenesis of myxoma 
virus has also been described.  Structurally, the pyrin and CARD domains belong to the 
Death Domain Fold superfamily and have similar architecture.  Curiously, pyrin and 
CARD domains can also positively or negatively regulate NF-kB activity, a function that 
is not well understood.  We have recently discovered a second human pyrin-only protein 
(POP2) that, unlike POP1, exhibits the ability to inhibit both the action of NF-kB p65 
(RelA) and prevent inflammasome formation in a mutually exclusive fashion.  Our re-
cent work supports a role for POP2 in regulating the inflammatory potential of monocy-
toid cells and begins to provide a mechanistic understanding of how pyrin-only proteins 
regulate inflammasome function. 
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Normal and Tumor-associated Human Fibroblast Modulation of T-lymphocyte 
Function 

 
Jennifer L. Barnas, Richard B. Bankert 

School of Medicine & Biomedical Sciences, University at Buffalo, 
The State University of New York 

 
 

As the support structure of many tissues, fibroblasts orchestrate the repair process 
during tissue damage and thus modulate the immune response via cytokines, chemoki-
nes, and extracellular matrix production.  In cancer, tumors have been compared to 
chronically inflamed wounds which contain stromal fibroblasts and leukocytes in addi-
tion to tumor cells.  In order to develop more effective immunotherapy for the treatment 
of cancer, an understanding of the interactions between the different cell types of the tu-
mor microenvironment is necessary.  Here, we examine how human fibroblasts from 
both normal skin and tumor tissues modulate the T cell receptor-triggered activation of 
autologous T lymphocytes isolated from either peripheral blood or tumors.  We are ex-
ploring whether fibroblasts present in the tumor microenvironment have the capacity to 
alter existing CD4+ T helper cell subsets. We have established that co-cultivation of 
TCR-activated T cells with fibroblasts enhances T cell proliferation and the production 
of selected cytokines, particularly interferon-gamma and interleukin-17A by the T cells 
and interleukin-6 and transforming growth factor-beta1 by the fibroblasts.  The effect of 
these fibroblast-dependent changes in cytokine production upon polarization of T helper 
subsets (TH1, TH2, TH17 and Treg) is being studied in vitro and the outcome of these 
changes on tumor progression is being addressed in vivo in a human tumor xenograft 
immunodeficient mouse model. 
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Dendritic Cell Maturation – What is it Good For? 
 

Janet J. Sei1, Scott Haskett2, Cliff Bellone2, Mark R. L Buller2, Chris C. Norbury1 

1 Department of Microbiology and Immunology, Pennsylvania State University, Milton 
S. Hershey College of Medicine, Hershey, PA, USA, 

2 St Louis University Health Sciences Center, Department of Molecular Microbiology 
and Immunology, 1402 S. Grand Blvd, St Louis, MO 63104, USA 

 
 
     Dendritic cells (DC) are a heterogeneous population in which subsets of cells exist 
that are specialized for specific functions, such as the presentation of exogenous antigen 
in complex with class I (cross presentation) by lymphoid resident CD8α+ DC.  DC matu-
ration involves the cessation of fluid phase uptake, the upregulation of expression of 
costimulatory molecules such as CD40, CD80 and CD86, and the relocalization of intra-
cellular pools of MHC Class II from endo/lysosomal compartments to the cell surface.  
DC maturation is thought to be required for efficient induction of T cell responses.  In 
the context of MHC Class I-mediated antigen presentation, DC maturation upregulates 
expression of intracellular components of the antigen presentation pathway, such as TAP 
and the proteasome regulator, PA28 and is though to increase the efficiency of presenta-
tion of endogenous antigens.  However, prolonged administration of TLR ligands, such 
as LPS or CpG, can downregulate antigen presentation in vivo, presumably through an 
effect on the cross presentation pathway in which exogenous antigens are presented on 
MHC Class I.  We used a unique system of a mouse pathogen (ectromelia virus – 
ECTV) expressing a fluorescent model antigen and an antibody specific for a peptide-
MHC complex to monitor antigen presentation in vivo.  We found that ECTV infected 
all subtypes of DC, and that all infected cells presented antigen with equal efficiency, a 
contrast to the finding that some subsets of DC were specialized to present antigen via 
specific pathways.  In addition, we found that TLR agonist administration did not 
upregulate antigen presentation in infected cells or downregulate antigen presentation 
after prolonged exposure, but did markedly inhibit ECTV infection in vivo via an indi-
rect mechanism.  These data indicate that DC maturation does not alter the efficiency of 
antigen presentation by virus-infected cells in vivo, and illustrates the need to examine 
the rules governing the immune system in systems containing natural pathogens, as well 
as those using model antigens in the absence of pathogens. 
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Islands in the Sun?  Lymphocyte Plasma Membrane Lipid Rafts and their Response to 
Increasing Temperature 

 
Melissa Grimm, Tom Mace, Lingwen Zhong, PhD and 

 Elizabeth A. Repasky, Ph.D. 
Departments of Immunology and Cellular & Molecular Biophysics & Biochemistry 

Roswell Park Cancer Institute, Buffalo, New York 
 
 
     Previously we found that a small increase in temperature results in a clustering of lipid rafts 
in the plasma membrane of CD4+ T cells.  Lipid rafts are regions of the plasma membrane en-
riched in cholesterol and fully saturated hydrocarbons.  A critical role has been recognized for 
lipid rafts during T cell signaling since lipid rafts have been shown to translocate to the im-
mune synapse following ligation of the T cell receptor (TCR) and costimulatory receptors 
(such as CD28).  We have observed that several signaling proteins which play key roles in T 
cell activation, such as LAT, Lck, ZAP70 and CD28 are more abundant in lipid rafts isolated 
from cells maintained for several hours under mild thermal stress when compared to those from 
normothermic cells.  In this study, we are testing the hypothesis that mild thermal stress causes 
changes in the protein composition of lipid rafts that would be similar to those caused by stan-
dard co-stimulation (via anti-CD28 antibody crosslinking).  We analyzed the protein composi-
tion of lipid rafts isolated from Jurkat T cells exposed to various activating stimuli, as well as 
cells exposed to 39.5°C for six hours.  When comparing the lipid rafts from T cells given both 
signals (TCR and CD28 ligation) for activation with lipid rafts from T cells exposed to six 
hours of 39.5°C and then stimulated with only TCR ligation, we found similar changes in the 
relative expression of the proteins LAT, Lck and CD3-zeta.  Does hyperthermia enhance the 
movement of lipid rafts to the immunological synapse? It has been well documented that CD28 
costimulation recruits Lck containing lipid rafts to the immunological synapse. We are next 
asked whether hyperthermia recruits lipid rafts in the same manner or whether Lck is similarly 
affected.  To answer these questions we will stimulate normothermic Jurkat T cells with anti-
gen-pulsed B7+ APCs which provide both signals for activation.  These will be compared with 
Jurkat T cells incubated at 39.5°C for six hours then pulsed with B7- APCs which provide only 
TCR ligation.  Cells will be analyzed for accumulation and colocalization of lipid rafts and Lck 
at the region of the immunological synapse. Determining how temperature affects the activa-
tion threshold of lymphocytes, or the composition and function of lipid rafts, will lead to a bet-
ter understanding of how T cell activation is regulated by the thermal microenvironment and 
hopefully to new therapeutic approaches using temperature manipulation to stimulate anti-
tumor immunity.   
 
Supported by NIH P01 CA94045 and RO1 CA71599 
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Mechanism of IL-12-mediated Suppression of VEGFR3 Expression on Tumor Vessels 
 

Elizabeth W. Sorensen, Scott A. Gerber, John G. Frelinger, and Edith M. Lord 
University of Rochester, Rochester, NY 

 
 

IL-12 has been shown to be a powerful anticancer agent in many tumor models.  Pro-
duced by activated DC, macrophages, and B cells, it stimulates type I T cell differentiation and 
production of pro-inflammatory cytokines, such as interferon gamma (IFN-gamma).  Despite 
the fact that the anti-cancer mechanism of IL-12 in vivo is still unknown, it has been previously 
shown to be a promising therapeutic agent against tumors in both mice models and humans.  
Because of this, we are exploring this mechanism using B16, a C57BL/6-derived melanoma 
line transfected to express IL-12 (B16/IL-12). This model provides continuous, local produc-
tion of IL-12 within the tumor microenvironment.   

We have shown that the presence of this intratumoral IL-12 causes not only a significant 
delay in tumor growth, but also phenotypic changes in the blood vasculature. The vessels 
within B16/IL-12 tumors have a more normal morphology, and they fail to upregulate expres-
sion of the angiogenic vessel marker vascular endothelial growth factor receptor 3 (VEGFR3). 
Studies performed with IFN-gamma knock out and nude mice have shown that the successful 
suppression of VEGFR3 on the vessels of B16/IL-12 is mediated by IFN-gamma and that NK 
cells are sufficient to accomplish this effect. With the use of IFN-gamma receptor knock out 
bone marrow chimeric mice, we found that IFN-gamma acts directly on the endothelial cells of 
the tumor vessels to prevent upregulation of VEGFR3.  However, in the absence of direct IFN-
gamma signaling on the tumor vessels, the immune cells make a tertiary mediator in response 
to IFN-gamma which can also suppress VEGFR3.  

In addition to its anti-angiogenic effects, IL-12 also stimulates the immune system re-
sulting in a marked increase in the number of tumor infiltrating lymphocytes (TILs).  The more 
normalized tumor vasculature in the B16/IL-12 tumors may facilitate TIL infiltration. Com-
pared to lymphocytes within parental B16 tumors, more of these TILs are producing IFN-
gamma, which may have a marked effect on control of tumor growth.  Understanding the 
mechanisms by which IL-12 alters the tumor microenvironment is essential to exploit the po-
tential therapeutic benefits of this cytokine while avoiding dangerous side effects.  These stud-
ies suggest that vascular effects may be as important as immune cell effects and further influ-
ence the ability of immune cells to access the tumor cells. Future studies will address the func-
tion of IFN-gamma simulated TIL chemokine production, particularly IP-10 and MIG, and 
their possible role in directly affecting VEGFR3 expression on tumor vessels. 
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GM-CSF Improves Mucosal and Systemic Immune Responses to HA Elicited by  

Epidermal DNA Vaccination in Non-human Primates 
 

Anthony M. Franchini1, Cristy Stagnar1, Christopher O’Brien1, Amithi Narendran1,  
Peter Loudon2, Debbie Lynch2, Michael Murphey-Corb3 and Deborah Fuller1 

1Albany Medical College, Albany, New York; 2PowderMed Inc., Oxford, U.K.;  
3University of Pittsburgh, PA 

 
 
     Antibody responses induced by influenza vaccines protect against homologous viruses but 
are less effective against antigenic variants and provide little, if any, protection against differ-
ent subtypes.  A significant challenge is to identify new vaccine strategies that can both accel-
erate production and provide broader protection.  One alternative to the current vaccine are 
DNA vaccines, which have been shown to achieve broader protection against heterotypic sub-
types of influenza by inducing both CTL and humoral immune responses.  DNA vaccination 
can be prepared and made ready for distribution approximately three months from the time of 
identification, half the time needed for production of the current vaccine.  Delivery of the DNA 
vaccine into the skin has also been shown to induce responses and protection at the mucosa.  
The goal of this study was to determine if the cytokine GM-CSF is an effective genetic adju-
vant when delivered with an influenza DNA vaccine.  Six monkeys were vaccinated with HA 
from influenza A/NC/20/99 plus GM-CSF and compared to the group vaccinated solely with 
HA.  Monkeys were vaccinated at weeks 0, 8, and 16.  Animals were monitored for ~30 weeks 
by collection of peripheral blood, bronchiolar alveolar lavage fluid, tracheal and nasopharyn-
geal samples.  In addition, lamina propria mononuclear cells were isolated to measure the intes-
tinal mucosal response.  Mucosal and systemic humoral immune responses were measured by 
ELISA and hemagglutinin inhibition assay.  Cell-mediated immunity (CMI) was measured by 
lymphoproliferation, ELISPOT, and intracellular cytokine staining to measure CD4+ and 
CD8+ T cell effector function.  These data show that GM-CSF is an effective adjuvant which 
increases the systemic CMI response to HA, measured as an increase in the levels of both 
TNFα and IFNγ.  IL-2 responses were significantly less in the blood than in the lung, showing 
differences in the systemic and mucosal responses induced by PMED DNA vaccination.  In-
duction of antibody responses by vaccination with GM-CSF was also improved, as measured 
by HAI.  The effects of GM-CSF on the mucosal antibody response will also be discussed.  
Overall, our data show GM-CSF is an effective genetic adjuvant for increasing immune re-
sponses in both compartments which should be considered in future vaccine trials. 
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Suppression of Cross-Priming by the Neuroendocrine-Associated Hormone  
Corticosterone  

 
John Hunzeker1, Mary Ellen Truckenmiller1, Robert H. Bonneau1, 

 Christopher C. Norbury1*    
1 Department of Microbiology and Immunology, Milton S. Hershey College of Medicine, 

Pennsylvania State University, Hershey PA, 17033. 
 
 
 The immune system does not operate independently in an intact individual.  All cells of 
the immune system bear receptors for products of the nervous and endocrine systems and cells 
of the nervous system have receptors for immune mediators.  Clinically, synthetic hormones 
are used to treat diseases such as asthma and arthritis.  It is well known that stress can impact 
disease and disease progression, but the mechanisms are not well-known.  Perception of a 
stressor leads to activation of the hypothalamic-pituitary-adrenal (HPA)-axis leading to secre-
tion of the glucocorticoid cortisol (corticosterone in rodents) into the circulation.  Glucocorti-
coids are known to be able to control inflammation, and many studies have shown that stress 
and high-levels of glucocorticoids can decrease T cell-mediated immunity to viruses.  These 
studies have focused mainly on the effects of stress on T cells.  However, dendritic cells (DC) 
are required for the generation of adaptive T cell responses to intracellular pathogens and tu-
mors. Few studies have focused on the direct effect of stress or corticosterone on DC function.  
Recent evidence from our laboratory has demonstrated that corticosterone significantly modu-
lates DC maturation and direct presentation of specific antigens.  The experiments described 
herein examined how stress and corticosterone affects DC-mediated cross-presentation.   
 Using a well-established restraint stress model, modulation of DC-mediated cross-
presentation was examined in vitro and in vivo.  In vitro, exogenous ovalbumin (OVA) taken 
up by corticosterone-treated DC activated significantly fewer OVA257-264-specific T cells.  Us-
ing an in vivo system that eliminates direct presentation, DC from stressed mice induced sig-
nificantly less OVA257-264-specific T cell proliferation. This restraint-induced suppression was 
glucocorticoid receptor (GR)-dependent as CD8+ T cell proliferation was restored in stressed 
animals receiving a GR antagonist.  The impairment in cross-presentation was not due to al-
tered antigen donation, as antigen from corticosterone-treated donor cells was presented 
equally as well compared to the vehicle-treated donor cells.  Corticosterone or restraint stress 
did not impair uptake of either soluble exogenous OVA or microspheres.  Examination of the 
maturation and co-stimulatory molecules necessary for generating the T cell response revealed 
that stress did not alter expression of CD40, CD80, CD86 or I-Ab.  Stress-induced modulation 
of DC-mediated cross-presentation had significant effects on CD8+ T cell priming in vivo.  
Mice that were stressed at the time of immunization had a significantly reduced cytoxicity to 
OVA257-264 peptide-pulsed target cells.  These results demonstrate that psychological stress sig-
nificantly impairs DC-mediated cross-presentation which may have important health implica-
tions.     
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CD28 Supports Normal Plasma Cell Survival and Interactions with Microenvironment 
 

Cheryl H Rozanski, Jaykumar Nair, Louise Carlson, and Kelvin P Lee 
Roswell Park Cancer Institute, Immunology Department, Buffalo, NY 

 
 

The long term generation of protective antibodies (Abs) requires the continuous survival 
of long-lived plasma cells that are maintained within specialized bone marrow niches by com-
plex interactions that remain largely uncharacterized. Previous studies have shown that the T 
cell costimulatory receptor CD28 is expressed on normal and transformed (murine plasmacy-
toma, human multiple myeloma) plasma cells – however, its role in the B cell lineage remained 
unclear.  We have recently shown that CD28 expressed on transformed human plasma cells 
(multiple myeloma cells) directly delivers pro-survival signals to the myeloma cells and pro-
tects them against intrinsically and extrinsically induced death (Bahlis et al, 2007).  Further-
more, myeloma cells directly interact with dendritic cells (DC, both in vitro and in patient bone 
marrow biopsies), and the DC provide the ligands (i.e. CD80 and CD86) for myeloma-CD28.  
Others studies utilizing competitive bone marrow reconstitution have indirectly suggest a role 
for CD28 in the function and/or survival of normal murine plasma cells (Delogu et al, 2006). 
These observations led us to directly investigate the role of CD28 in normal plasma cell sur-
vival as well as cell-cell interactions with CD80/CD86+ bone marrow derived dendritic cells 
(BMDC).   

In vitro serum starvation experiments, direct activation of CD28 by an agonistic anti-
CD28 mAb increased survival of serum-starved PC by 63% (p<0.001). Addition of BMDC im-
proved the survival of PC by 20% over that seen with media alone, and resulted in a significant 
increase in IgG production (p<0.01). We and others have shown that CD28 binding to CD80/
CD86 on DC also “backsignals” to the DC to produce the PC survival factor IL-6. We found 
that co-culture with the murine plasmacytoma cell line S194 induced 155 pg/ml of IL-6 from 
BMDC (p<0.01 vs. BMDC alone and S194 alone), and primary plasma cells isolated from 
bone marrow induced 290 pg/ml of IL-6 from BMDC (p<0.001 vs. BMDC alone). Induction of 
BMDC production of IL-6 by both primary and transformed PC was significantly inhibited 
(p<0.05) by antibody blockade of CD80 and CD86.    

Our data demonstrates that signaling through CD28 directly supports the survival of nor-
mal bone marrow plasma cells, and that “backsignaling” through PC-CD28 engagement of DC-
CD80/CD86 induces DC to secrete the pro-survival cytokine IL-6.  These findings suggest that 
CD28 is a key molecular bridge that connect normal plasma cells to the supportive microenvi-
ronment. 
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Functional Impairment of CD4 T-cell Responses During Mtb Infection May Contribute 
to Bacterial Persistence 

 
William W. Reiley*, Susan T. Wittmer*, Gary M. Winslow†, and David L. Woodland* 

*Trudeau Institute, 154 Algonquin Avenue, Saranac Lake, NY 12983; and 
†Wadsworth Center, New York State Department of Health, P.O. Box 22002,  

Albany, NY 12201-2002 
 
     Many pathogens, such as the human immunodeficiency virus and Mycobacterium tubercu-
losis (Mtb), are able to establish chronic infection in the presence of a continual immune re-
sponse.  Although CD4+

 T cells play a critical role in controlling both acute and chronic Mtb 
infections, they are unable to eliminate the pathogen, and infected mice eventually succumb. 
As CD4 T cell responses are maintained in the presence of persistent antigen, we investigated 
whether these cells become anergic or exhausted. We found that the majority of cells within the 
lungs of aerosol-infected mice expressed low levels of CD27 and high expression of the killer-
like receptor G1 (KLRG1), characteristics of chronically activated T cells. To address this in 
greater detail we utilized transgenic T cells specific for a dominant Mtb secreted antigen, 
ESAT-61-20/I-Ab in an adoptive transfer model. We show that as early as day 18 post-infection, 
nearly all of the ESAT-6 antigen-specific transgenic T cells in the lungs were CD27 low and 
KLRG1 high, like the endogenous T cell population. Some of the ESAT-6 transgenic T cells 
also expressed the activated form of CD43, and another inhibitory receptor, programmed death 
1 (PD1). Moreover, by day 25 post-infection some of the transgenic CD4 T cells began to 
down-regulate surface T cell receptor expression, and lost the ability to proliferate, and to pro-
duce IFN-gamma and TNF-alpha in vitro. These data suggested that the T cells were function-
ally exhausted. To address this further, we treated infected mice with blocking antibodies 
against directed against the PD1 ligand, PDL1. Mice treated with anti-PDL1 exhibited greater 
numbers ESAT-6-specific T cells, and increased the binding of an ESAT-6-specific MHC class 
II tetramer. These results suggest that T cell responses are attenuated during Mtb infection, and 
that this is mediated, via PD-1, by T cell receptor down-regulation. These findings have impor-
tant implications for our understanding of the maintenance of the CD4 T cell response during 
Mtb infection. 
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Central Role of Tumor-associated CD8+ T-effector/memory Cells in Restoring  
Systemic Anti-tumor Immunity 

 
Kilinc MO, Gu T, Virtuoso LP and Egilmez NK 

University at Buffalo, Buffalo, New York 
 
 
 Sustained delivery of IL-12 and GM-CSF to the tumor microenvironment induces 
a rapid yet transient activation of pre-existing CD8+ T-effector/memory cells followed 
by cytotoxic CD8+ T-effector expansion.  To determine whether the secondary CD8+ T-
effectors originated from tumor-associated T-effector/memory cells or were primed de 
novo, activation kinetics of draining lymph node CD8+ T-cells were analyzed.  Quanti-
tative analysis demonstrated that cytokine delivery promoted a rapid 4-fold increase in 
CD8+ T-cell numbers in the TDLN between days 1-3, which contracted thereafter.  In 
contrast, CD8+ T-cell numbers remained unchanged in the tumor between days 0-4, fol-
lowed by a 3-fold increase between days 4-7.  Phenotypic analysis showed that TDLN 
CD8+ T-cells upregulated CD69 and CCR5, and downregulated CD62L between days 
2-4, consistent with the development of an activated, periphery-homing phenotype.  
Pulse-labeling with BrdU confirmed that proliferation occurred exclusively in the 
TDLN between days 1-5 and more importantly, demonstrated that CD8+ T-cells mi-
grated directly to tumors.  Consistent with these observations, day 4 CD8+ T-cells iso-
lated from the TDLN preferentially homed to tumors following adoptive transfer to tu-
mor-bearing recipients and efficiently killed tumor cells but not control targets, estab-
lishing tumor-specificity.  In contrast, CD8+ T-effector cell priming in the TDLN was 
completely abrogated in the absence of pre-existing tumor-associated CD8+ T-effector/
memory cells in studies involving: a) treatment of mice immediately following surgical 
removal of the primary tumor and b) treatment of CD8+ T-cell-depleted mice after se-
lective reconstitution of their TDLN with adoptively-transferred, TDLN-homing CD8+ 
T-cells.  T-effector cell priming did not occur in IFNγ-knockout mice establishing the 
critical role of this effector molecule in CD8+ Tem-dependent priming of anti-tumor T-
effectors in the TDLN.  These data confirm that intratumoral IL-12 + GM-CSF induces 
de novo priming of tumor-specific CD8+ T-effector cells in the TDLN and establish the 
critical role of pre-existing intra-tumoral CD8+ T-effector/memory cells in driving this 
process. 
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IRF-8 Regulates Tumor Cell Responses to Apoptosis and Host Immunosurveillance 
 

Scott I. Abrams 
Department of Immunology, Roswell Park Cancer Institute,  

Buffalo, NY (current affiliation); and Laboratory of Tumor Immunology and Biology, 
NCI, NIH, Bethesda, MD (former affiliation) 

      
 
     Understanding the molecular bases for tumor-cell susceptibility to cell death is im-
portant for the development of effective cancer therapies, including immunotherapy.  
Previously, we identified interferon regulator factor-8 (IRF-8), a member of the IRF 
family of IFN-γ-inducible transcription factors as a potentially important molecular de-
terminant of response to Fas-mediated apoptosis in human and mouse solid tumor sys-
tems.  To better understand the functional role of IRF-8 in cancer biology, we stably si-
lenced IRF-8 expression in IRF-8-expressing mouse sarcoma cells and evaluated them 
for changes in apoptotic phenotype and malignant behavior.  Apoptosis induced by Fas 
engagement or irradiation was significantly reduced in IRF-8-deficient tumor cells, de-
spite unaltered proliferation, cell surface Fas or MHC class I expression. Moreover, in 
syngeneic immunocompetent mice, IRF-8-deficient tumor cells grew more aggressively 
than their control counterparts.  However, in IFN-γ- or Fas ligand-deficient mice both 
control and IRF-8-deficient tumor populations grew similarly.  Furthermore, both tumor 
populations grew similarly in mice with defects in innate and adaptive immunity.  Over-
all, we demonstrate that IRF-8 expression in this solid tumor model is integral for their 
response to cytotoxicity, including Fas-mediated apoptosis, lethal doses of γ-irradiation 
and host immunosurveillance mechanisms.  Thus, the loss of IRF-8 expression in certain 
solid malignancies may provide a molecular basis for tumor escape, as well as a poten-
tial target for therapeutic modulation.   
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CD4 T-cell Help and the Generation of CD8 Memory Against  
Tumor-expressed Self-antigens 

 
Anik Côté, Peisheng Zhang, Kate Byrne, and Mary Jo Turk 
Dartmouth Medical School, Norris-Cotton Cancer and the  

Department of Microbiology and Immunology, Lebanon, NH, 03756 
 

 
CD4 depletion is an efficient treatment for depleting CD4+CD25+ regulatory T 

cells (Tregs) and inducing anti-tumor immune responses, however this treatment also de-
pletes CD4 helper T cells. We have previously demonstrated in a mouse melanoma 
model that the removal of Tregs by CD4 depletion during priming leads to the develop-
ment of tumor-specific CD8 memory, protective anti-tumor immunity, and eventually 
autoimmune depigmentation in a proportion of mice. It is well documented that CD4 T 
cell help is required for optimal development and/or long-term maintenance of CD8 T 
cell memory against foreign pathogens. However, the role of CD4 T cell help in the de-
velopment and persistence of tumor-specific memory has not been investigated. In our 
previous studies, tumor-specific CD8 memory was generated with transient CD4 help. 
CD4 helper T cells were present early during priming and later in the development and 
maintenance phase of the memory response. Here we demonstrate that sustained, and 
complete depletion of CD4 T cell help does not totally impair the development of tumor-
specific CD8 memory. Mice that were depleted of CD4 T cells prior to tumor inocula-
tion and weekly thereafter generated CD8 memory T cells specific for tumor-expressed 
self-antigens that persisted long-term and secreted IFNg and IL-2. Autoimmune depig-
mentation is often associated with anti-tumor immune responses. Interestingly, autoim-
mune depigmentation was similar in mice without CD4 T cell help compared to mice 
with transient CD4 T cell help. In this model, Tregs must be depleted to induce an anti-
tumor immune response to tumor-expressed self-antigens and currently there is no strat-
egy that efficiently and selectively depletes Tregs without concomitantly depleting CD4 
helper T cells. Consequently, to characterize the tumor-specific CD8 memory response 
when CD4 T cell help is present for the duration of the response, RAG-/- mice were re-
constituted with Treg-depleted splenocytes, with or without CD4 helper T cells. In these 
experiments, we observed no differences in the depigmentation patterns of mice without 
CD4 T cell help compared to the mice with CD4 T cell help. Finally, tumor protection 
experiments in RAG-/- mice revealed that “helpless” CD8 memory responses were im-
paired in their ability to reject a challenge tumor compared with the “helped” CD8 mem-
ory responses. Collectively, these data suggest that CD8 responses to tumor-express self-
antigens can develop into a memory response that retains many characteristics of immu-
nological memory despite the total absence of CD4 T cell help. Although CD4 T cell 
help may not be an absolute requirement for the development of tumor/self-antigen spe-
cific CD8 memory, the presence of CD4 T cell help is required for the development of 
optimal CD8 protective memory responses against a challenge tumor.  
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Role of Peroxiredoxin I in Prostate Cancer 
 

Sandra O. Gollnick and Jonah Riddell 
Department of Cell Stress Biology, Roswell Park Cancer Institute, Buffalo, NY 

 
 

 Peroxiredoxin I (PrxI) is a member of a diverse family of antioxidant proteins that 
exhibit intercellular peroxidase and chaperone activities.  Initial studies suggested that 
Prx1 acted as a tumor suppressor and its ability to suppress tumor formation was attrib-
uted to it antioxidant function.  However further study that Prx1 expression is elevated 
in oral, esophageal, pancreatic and lung cancers and that increased expression is associ-
ated with increased malignancy.  These findings suggest that Prx1 supports rather than 
suppresses tumor growth.  Prx1 can affect tumor cell survival by inhibiting reactive oxy-
gen species (ROS)-induced apoptosis and modulating growth regulatory protein activity 
through its chaperone function.  Recent studies have shown that tumor cells secrete Prx1 
through a non-classical pathway.  The role of secreted Prx1 is unknown, however a ma-
larial homologue of Prx1 has been shown to bind to the Toll-like receptor (TLR) 4 and 
stimulate innate and adaptive immune responses to malaria.  TLR4 stimulation leads to 
expression of pro-inflammatory cytokines.  Many cancers, including prostate cancer, are 
associated with chronic inflammation.  We have hypothesized that Prx1 secretion by 
prostate tumor cells contributes to a state of chronic inflammation that promote tumor 
growth by binding to TLR4 and triggering the release of pro-inflammatory cytokines.  
Data will be presented showing that Prx1 secreted from tumor cells stimulates IL-6 and 
TNF-α from macrophages and dendritic cells and that this stimulation is TLR4 and 
MyD88 dependent.   
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Enhanced Immunogenicity of Malaria CS Peptide Vaccines Using a Topical  
Adjuvant Containing a Synthetic TLR 7 Ligand 

 
Caroline Othoro, Dean Johnston, Rebecca Lee, Jean-Claude Bystryn, Elizabeth Nardin 

Department of Parasitology, New York University Langone School of Medicine 
 
 
     A primary goal of pre-erythrocytic vaccines is to elicit antibodies that effectively 
block sporozoite invasion of the host hepatocyte. In addition, cellular immunity, medi-
ated by the inhibitory cytokine IFN, is required to target residual EEF. In previous stud-
ies, we demonstrated that synthetic peptides containing minimal T and B cell epitopes of 
the P. falciparum CS protein can elicit sporozoite neutralizing antibodies and IFN pro-
ducing CD4+ T cells in human volunteers and in animal models. Highly purified subunit 
vaccines require strong adjuvants as they lack the endogenous “danger” signals found in 
viral or bacterial vaccines. Pathogen associated molecular patterns signal primarily 
through Toll–like receptors (TLR) to stimulate dendritic cell maturation and cytokine 
production essential for initiation of T and B cell adaptive immune responses. TLR 
ligands have been shown to be potent adjuvants when delivered parenterally, either 
mixed with or conjugated to vaccines, and as topical adjuvants for viral peptides and 
model antigens. 
  In the current studies, we demonstrate that a topically applied the TLR 7 ligand 
Imiquimod, a synthetic imidazoquinoline, can function as a potent adjuvant for P. falci-
parum CS peptide vaccines. Mice immunized s.c with falciparum CS peptides, followed 
by topical application of Imiquimod, developed anti-repeat antibody titers 1-2 logs 
higher than mice receiving peptide alone. Antibodies were of a broad range of IgG iso-
types indicating a mixed Th1/Th2 response. The topical TLR ligand functioned as a po-
tent adjuvant for complex branched peptides and as well as simple linear peptides. Sera 
of the immunized mice elicited high titer CSP reactions, indicating effective cross-
linking of native CS on the viable sporozoite surface, and strongly inhibited in vitro in-
vasion of hepatoma cells by transgenic sporozoites that express P. falciparum CS re-
peats. More importantly, mice immunized with peptide and topical TLR 7 adjuvant were 
protected against challenge by bite of mosquitoes infected with these transgenic para-
sites. Topical Imiquimod (Aldara cream, 3M) is approved for treatment of dermatologic 
conditions in humans. In addition to the extensive safety profile in humans, the use of a 
topical adjuvant will facilitate vaccine development by eliminating the time, effort and 
expense required for vaccine formulation to optimize binding/adsorption of antigens, as 
in standard alum adjuvant formulations, and overcomes problems of vaccine stability on 
storage and potential antigen modifications, as previously noted with malaria vaccines 
emulsified in oil adjuvants. The use of a fully synthetic vaccine, comprised of simple 
linear peptide delivered s.c. followed by topical application of the synthetic TLR 7 
ligand, thus greatly simplifies vaccine design and development for malaria, as well as 
vaccines for other pathogens.  
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Intracellular Bacterial Infection Induces Bone Marrow Suppression and  
Alterations in the Hemapoietic Stem Cell Pool 

 
MacNamara, KC1, Oduro, K2, Racine, R1, Borjesson, D3, Choi, K2, and Winslow, G.1 
1Wadsworth Center, Albany, New York  2Washington University, St. Louis, Missouri, 

3University of California, Davis, California 
 
 
     Human monocytotropic ehrlichiosis (HME) is caused by Ehrlichia chaffeensis, a 
tick-transmitted gram-negative intracellular bacterium. HME is a febrile illness charac-
terized by fever, headache and malaise, and is accompanied by several hematological 
changes, including neutropenia, lymphopenia ,and thrombocytopenia. Our experimental 
studies have used an ehrlichia closely related to E. chaffeensis, E. muris; the latter in-
duces massive splenomegaly accompanied by a decrease in bone marrow cellularity and 
function during acute infection and hematological abnormalities similar to what is ob-
served in human HME patients. Splenomegaly was primarily due to extramedullary he-
matopoiesis, dominated by erythroid production, and granulocyte production. Concomi-
tantly, we observed a decrease in B cell precursor frequencies in the bone marrow (BM), 
and a major change in the frequency and/or phenotype of the BM hematopoietic stem 
cells (HSCs). Lineage-negative (Lin-) c-Kit-negative/Sca-1-positive progenitor cells 
were absent, and the Lin- population was composed entirely of c-Kit+/Sca-1+ cells 
(LSK). In addition, we find a diminished population of common myeloid progenitors 
(LSK, CD127-) and an increase in the frequency of common lymphoid progenitors 
(LSK, CD127+). The high Sca-1 expression prompted us to investigate whether the pro-
genitor cells were true HSCs.  Using other markers for HSCs, CD150+, CD48-, CD51- 
revealed that during infection the HSCs were largely depleted within the bone marrow, 
but found at increased frequencies in the spleen. These data suggest that ehrlichia infec-
tion mobilizes HSCs from the bone marrow to the spleen. Ongoing research is focused 
on the mechanism(s) whereby hematopoiesis is altered during bacterial infection, and 
how these changes contribute to immunity. 
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Genetic Evidence for Toll-like Receptor 4 and Scavenger Receptor-A Synergy  
in Phagocytosis 

 
Eyal Amiel 

Immunology and Microbiology, Dartmouth College 

 
 Class-A scavenger receptors (SR-A) and toll-like receptors (TLR) mediate early 
immune responses against pathogenic bacteria. Both SR-A and TLR4 are expressed on 
phagocytes and interact with common ligands from gram-negative bacteria, however the 
contribution of TLR4 activity to SR-A –mediated phagocytosis has not been directly as-
sessed. Herein we provide genetic and functional evidence that TLR4 synergizes with 
SR-A to mediate bacterial phagocytosis. While complete loss of SR-A (SR-A-/-) is 
known to impair bacterial clearance, here we identify the first deficiency attributable to 
SR-A heterozygosity: SR-A+/-TLR4+/- cells and mice are significantly impaired in the 
clearance of gram-negative E. coli but not of gram-positive S. aureus. This deficit is not 
a function of bacterial binding but, rather, loss of TLR4 causes a decrease in the rate of 
SR-A -mediated bacterial phagocytosis. Moreover, this phagocytic mechanism is inde-
pendently regulated by multiple TLRs since, analogous to the SR-A+/-TLR4+/- deficit, 
SR-A+/-TLR2+/- cells are impaired for uptake of S. aureus. This is the first demonstration 
that minor changes in the levels of SR-A and TLR4 can substantially affect host bacte-
rial clearance. 
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Yersinia pestis Evades TLR4-dependent Induction of IL12(p40)2 by Dendritic Cells 
and Subsequent Cell Migration 
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4Howard Hughes Medical Institute, Department of Medicine and Microbiology & Im-
munology, University of California, San Francisco, San Francisco, CA 

5Division of Infectious Diseases and Immunology, Department of Medicine,  
University of Massachusetts Medical School, Worcester, MA 

 
 
 At the temperature of its flea-vector (~20-30ºC) the causative agent of plague, 
Yersinia pestis, expresses a profile of genes distinct from those expressed in a mammal-
ian host (37ºC).  When DC are exposed to Y. pestis grown at 26ºC (Y. pestis-26º), they 
secrete copious amounts of IL-12p40 homodimer (IL12(p40)2). In contrast, when DC 
are exposed to Y. pestis grown at 37ºC (Y. pestis-37º), they transcribe very little IL-
12p40, which is secreted as IL12p40-monomer (IL-12p40).  Y. pestis-26º also induces 
migration of DCs to the homeostatic chemokine CCL19 whereas Y. pestis-37º does not; 
importantly, migratory DCs are positive for IL-12p40 transcription and secrete mostly 
IL12(p40)2; DCs lacking IL-12p40 do not migrate. Expression of acyl transferase LpxL 
from E. coli in Y. pestis-37º results in the production of a hexa-acylated lipid A, also 
seen in Y. pestis-26º rather than tetra-acylated lipid A normally seen in Y. pestis-37º. The 
LpxL-expressing Y. pestis-37° promotes DC IL12(p40)2 production and induction of 
DC migration.  In addition, absence of TLR4 ablates production of IL12(p40)2 in DC 
exposed to Y. pestis-26º.  The data demonstrate the molecular pathway by which Y. pestis 
evades induction of early DC activation as measured by migration and IL12(p40)2 pro-
duction. 
 
6Corresponding author Trudeau Institute, Inc. 154 Algonquin Ave., Saranac Lake, 
NY12983. acooper@trudeauinstitute.org, tel 518-8913080 ext 166, fax 518-f8915126. 
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Genetic Evidence for Toll-like Receptor 4 and Scavenger Receptor-A Synergy  
in Phagocytosis 

 
Eyal Amiel 

Immunology and Microbiology, Dartmouth College 

 
 Class-A scavenger receptors (SR-A) and toll-like receptors (TLR) mediate early im-
mune responses against pathogenic bacteria. Both SR-A and TLR4 are expressed on phago-
cytes and interact with common ligands from gram-negative bacteria, however the contribution 
of TLR4 activity to SR-A –mediated phagocytosis has not been directly assessed. Herein we 
provide genetic and functional evidence that TLR4 synergizes with SR-A to mediate bacterial 
phagocytosis. While complete loss of SR-A (SR-A-/-) is known to impair bacterial clearance, 
here we identify the first deficiency attributable to SR-A heterozygosity: SR-A+/-TLR4+/- cells 
and mice are significantly impaired in the clearance of gram-negative E. coli but not of gram-
positive S. aureus. This deficit is not a function of bacterial binding but, rather, loss of TLR4 
causes a decrease in the rate of SR-A -mediated bacterial phagocytosis. Moreover, this phago-
cytic mechanism is independently regulated by multiple TLRs since, analogous to the SR-A+/-

TLR4+/- deficit, SR-A+/-TLR2+/- cells are impaired for uptake of S. aureus. This is the first dem-
onstration that minor changes in the levels of SR-A and TLR4 can substantially affect host bac-
terial clearance. 
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Caffeine and Multiple Sclerosis: Is protection in your coffee cup? 
 

Jeffrey H. Mills1, Linda F. Thompson2, Cynthia Mueller1, Adam T. Waickman1,  
Margaret S. Bynoe1 

1Department of Microbiology and Immunology, Cornell University College of  
Veterinary Medicine, Ithaca, NY; 2Immunobiology and Cancer Program,  

Oklahoma Medical Research Foundation, Oklahoma City, OK 
 

 
      The formation of extracellular adenosine during an inflammatory response serves as an im-
munosuppressive negative-feedback signal to prevent excessive inflammation. Since CD73 is a 
cell surface enzyme that catalyzes the breakdown of AMP into adenosine, we investigated the 
role of CD73 (and extracellular adenosine) in controlling inflammation in experimental autoim-
mune encephalomyelitis (EAE), the animal model for the inflammatory autoimmune central 
nervous system (CNS) disease multiple sclerosis (MS). While we predicted that cd73-/- mice 
would develop severe EAE due to their inability to produce extracellular adenosine to modulate 
CNS inflammation, surprisingly, cd73-/- mice were resistant to EAE. In addition, cd73-/- mice 
had fewer CNS infiltrating lymphocytes compared to wild type mice following EAE induction. 
This EAE protection in cd73-/- mice cannot be attributed to a T cell functional deficiency since 
adoptively transferred CD4+ T cells from cd73-/- mice can potentiate severe EAE in tcr�-/- mice 
(which are normally resistant to EAE due to their lack of T cells). Moreover, while adenosine 
receptors (ARs) are expressed in the CNS, blockade of AR signaling with caffeine protects 
wild type mice from EAE development. Thus, we conclude that CD73 and AR signaling are 
required for the efficient entry of lymphocytes into the CNS during EAE, and quite possibly 
MS, development. AI 18220 (LFT) and AI 57854 (MSB) 
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CD40-mediated Cytokine/Chemokine Production in a Rodent Model of  
Neuropathic Pain 

 
Ling Cao and Christopher Palmer 

Department of Microbiology, College of Osteopathic Medicine,  
University of New England, Biddeford, ME 

 
 

Neuropathic pain, defined as pain initiated or caused by a primary lesion or dysfunction 
in the nervous system, is one of the most devastating kinds of chronic pain.  Using a mouse 
model of neuropathic pain, L5 spinal nerve transection (L5Tx), we have previously shown that 
CD40 knockout (KO) mice displayed significantly reduced L5Tx-induced mechanical hyper-
sensitivity compared to wild type (WT) BALB/c mice.  Further studies with bone marrow chi-
meric mice indicated the nociceptive role of spinal cord microglial CD40 in the maintenance of 
neuropathic pain.   In the current study, we tested the hypothesis that CD40 mediated spinal 
cord proinflammatory responses are critical in L5Tx-induced mechanical hypersensitivity.  A 
series of cytokine/chemokine were first examined in WT mice via a time course study.  In the 
spleen, TNF-alpha and the type I chemokine CXCL10 (IP-10, interferon-gamma-induced pro-
tein) were upregulated after L5Tx, while the type II chemokine CCL22 (MDC, macrophage-
derived chemokine) was not affected.  Splenic IL-1-beta levels were increased by both L5Tx 
and sham surgeries.  In the ipsilateral lumbar spinal cord of WT mice, IL-6 was significantly 
increased as early as day 1 post-L5Tx and gradually returned to basal levels by day 10 post-
L5Tx.  Spinal cord IL-1-beta, CXCL12 (SDF-1, stromal cell-derived factor-1) and CCL19 
(MIP3-betamacrophage inflammatory protein 3 beta) all trended towards a L5Tx-induced in-
crease in the ipsilateral side.  In CD40 KO mice, the L5Tx-induced differences in splenic TNF-
alpha and spinal cord IL-6 found in WT mice were not observed, while there were no differ-
ences in genotype between spinal cord CXCL12 and CCL19.  Altogether, these data suggest a 
critical role of CD40-mediated increase of lumbar spinal cord IL-6 and splenic TNF-alpha in 
L5Tx-induced mechanical hypersensitivity.  The specific roles of these cytokines in the mainte-
nance of neuropathic pain will be examined in future studies.                

Acknowledgements: The authors thank Dr. David A. Lawrence in the Wadsworth Cen-
ter for his help in Luminex assay.  This study was supported by 1K01DA023503-01A1, NIDA. 
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The Influence of Metallothionein Gene Dose on Matrix Metalloproteinase-9  
Secretion and Activity 

 
Douglas V. Donaldson, James M. Rice, Gregory P. Marusov, Michael A. Lynes 

University of Connecticut, Storrs CT 
 

 
Matrix metalloproteinase-9 (MMP-9) is a zinc-dependent gelatinase secreted by mono-

cytes, macrophages and other immune cells. This enzyme is upregulated during the immune 
response and plays an important role in cell trafficking and cytokine activation and deactiva-
tion. Metallothionein (MT) is a small molecular weight, cysteine rich protein that has immuno-
modulatory capabilities and is capable of binding physiologically relevant metals such as zinc 
and copper as well as toxic heavy metals such as cadmium. Because MT plays a significant 
role in regulating intracellular zinc levels and is important to the immune response, we hy-
pothesize that an increase or decrease in the level of MT might influence the production and 
activity of zinc-dependent, immune-related enzymes such as MMP-9. Here we show prelimi-
nary evidence that suggests MMP-9 secretion is lower in LPS-activated peritoneal macrophage 
cells from C57BL/6J mice that are deficient in MT (MTKO) in cells from congenic mice that 
are wild type or transgenic for MT (MTTgn).  

We are currently developing methods to further interrogate the relationship between 
MMP-9 and MT during the immune response both in vivo and in vitro. A new method de-
scribed here utilizes a novel technology called grating-coupled fluorescent plasmonics imaging 
(GCFPI). The technology links fluorescent imaging techniques with grating-coupled surface 
plasmon resonance imaging (GCSPRI). GCSPRI is a highly sensitive real-time, label-free tech-
nique capable of detecting mass-dependent changes in a microarray format. Surface plasmons 
are generated at a metal-dielectric interface when light of a specific wavelength couples to elec-
trons at the gold surface at a specific angle of incidence. Small changes in the optimum cou-
pling angle indicate a mass-dependent interaction between analyte in solution and immobilized 
protein on a gold sensor chip. By incorporating fluorescence detection, the sensitivity of the 
technique is greatly increased. Here we demonstrate a new assay in which the MMP-9 antigen 
is detected by immobilized antibody on a gold sensor chip while enzymatic activity is simulta-
neously detected by the degradation of immobilized biotinylated gelatin.  

Understanding the role in which MT influences the immune system may give us a better 
understanding of how individuals with varying levels of MT respond to disease and infection. 
Supported by NIH grants ROI E507408 and V01 E50708.  
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Metallothionein Expression Affects the Functional Immune Response of  
Murine Macrophages 
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Metallothioneins (MTs) are small cysteine-rich proteins with a wide range of functions 
including reactive oxygen species (ROS) scavenging, chemotactic activity, immunomodula-
tion, essential cation management and toxic metal sequestration. MT-I and MT-II are the most 
widely studied isoforms and are highly conserved among mammals. Listeria monocytogenes is 
a Gram-positive bacterium that can be pathogenic in humans and is commonly used as a model 
of mammalian immune response to infection. We have used an in vivo model of listeriosis to 
evaluate the effects of MT gene dose on the course of Listeria infection in three strains of mice: 
C57BL/6 wild-type mice (WT), congenic MT-I/II knock-out mice (MTKO), and congenic MT-
I transgenic mice (MTTG) that overexpress MT-I.  Our results suggested that either overex-
pression of MT-I or a lack of functional MT-I and MT-II significantly altered the course of in-
travenous listeriosis. Both MTTG and MTKO mice showed significantly lower Listeria bur-
dens in liver and spleen three days post-inoculation.  A time course study suggested that this 
difference was most prominent in the first 48 hours of infection, during the innate immune re-
sponse, after which Listeria clearance occurred at comparable rates in all three strains.  In addi-
tion to serving as reservoirs for the intracellular replication of Listeria, macrophages are critical 
effectors of the innate immune response, in part by phagocytosis of bacterial cells, production 
of acute phase cytokines, and production of bacteriocidal reactive oxygen and nitrogen species.  
In vivo experiments revealed that Listeria infection resulted in decreased IL-6 levels in liver 
and spleen and decreased TNF-α levels in spleen in both MTTG and MTKO mice compared to 
WT, and macrophages are a major source of these acute phase cytokines. Macrophages from 
MTTG and MTKO mice exhibited an increased oxidative burst compared to WT macrophages, 
suggesting a possible mechanism by which these strains maintained a lower Listeria burden 
than WT mice.  We propose here a model to outline potential mechanisms by which MT levels 
affect Listeria pathogenesis and the functional response of macrophages.  These results indicate 
that MT levels can dramatically influence the innate immune response to infection and ongoing 
in vitro experiments are designed to clarify the specific effects of MT on macrophage function. 
 
Supported by NIH grant RO1 ES04708 and UO1 ES0708 
 

 
 
 
 
 
 

Poster 7. 



 

86  

Early Response of Mucosal Epithelial Cells During Toxoplasma gondii Infection 
 

Chia-Hsin Ju and Cynthia A. Leifer  
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     The mucosal surface of the gastrointestinal tract is covered by a single layer of epithelial 
cells, whose main functions are to absorb nutrients and to provide an immunological barrier. 
This immunological barrier is comprised of cells from both the innate and the adaptive arms of 
the immune system. Paradoxically this barrier must maintain tolerance to the myriad of com-
mensal organisms and food products encountered every day yet rapidly and robustly respond to 
pathogen invasion. One of the best studied innate immune receptor families is the Toll-like re-
ceptors (TLRs). TLRs are transmembrane proteins capable of ligand recognition and cell acti-
vation. While these receptors are primarily expressed on hematopoietic cells, recent studies 
have shown TLR expression on non-hematopoietic cells such as intestinal epithelial cells. 
Toxoplasma gondii (T. gondii) is an orally acquired intracellular protozoan parasite capable of 
infecting warm-blooded animals and is a significant threat to pregnant and immunocompro-
mised individuals. Once ingested, the pathogen travels through the digestive tract where it first 
contacts and infects the intestinal epithelium and then disseminates to establish a persistent sys-
temic infection.  T. gondii immune correlates of protection have almost entirely been estab-
lished using intraperitoneal infection, which bypass any contribution of intestinal epithelial 
cells to the generation of an immune response. This study was designed to determine if intesti-
nal epithelial cells contribute to early immune responses to this orally acquired parasite and if 
TLRs were involved in this recognition. Using an in vitro system we show that human intesti-
nal epithelial cells are permissive for T. gondii infection and replication. The infection directly 
elicited a rapid phosphorylation of mitogen-activated protein kinase (MAPK) and induced the 
secretion of interleukin-8 (IL-8).  Short-hairpin RNAs directed against MyD88 blocked both 
MAPK phosphorylation and IL-8 secretion suggesting a role for TLRs in this process. A screen 
for activation of human TLRs by live T. gondii infection implicated TLR2 in the recognition of 
the parasite. We also identified additional T. gondii induced early genes by pathway-focused 
arrays. These genes may offer new insight into the role of intestinal epithelial cells during the 
early infection of the intestinal mucosa. Together, our findings suggest that intestinal epithelial 
cells recognize infection through TLRs and that TLR stimulation of these cells may influence 
the outcome of both the local mucosal, and the systemic immune response to T. gondii.  
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Persistence 
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     The size of peripheral naïve T cell compartment is regulated by the combined effects of 
thymic output and peripheral homeostasis increased by whatever turnover the T cells undergo 
and decreased by cell loss due to apoptosis, that is controlled in large part by the longevity of 
individual T cells.  With age, the thymus involutes greatly diminishing new T cell generation, 
yet a naïve CD4 T cell pool is maintained, suggesting that in the aged, the naïve T cells must 
persist for a longer time, either by greater turnover or increased lifespan.  We find that aged na-
ïve CD4 T cells do not turnover more rapidly than those from young cells both when they are 
in their original hosts and after transfer to young hosts.  Following adoptive transfer, the en-
hanced survival of aged naïve CD4 T cells correlates with lower expression of the pro-
apoptotic molecule Bim.  We show that aged naïve T cells have increased resistance to apop-
totic stimuli, but do not exhibit increased sensitivity to homeostatic signals such as IL-7 in vi-
tro, or to TCR-self-peptide/MHC interaction in vivo.  The increased longevity of peripheral na-
ïve CD4 T cells developed progressively with age, while a shorter in vivo lifespan was ob-
served in new naïve CD4 T cells derived from aged stem cells, suggesting that the naïve T cells 
developed their longer lifespan during their sojourn in the periphery.  We speculate that in-
creased longevity is an adaptive response that maintains the naïve T cell pool, but that also may 
contribute to development of functional defects as a consequence of their prolonged lifespan. 
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Identification of Metallothionein Receptor(s) on Leukocytes 
 

Xiuyun Yin, Gabriel Pilar, Krishna Patel, Kirsten Frostad, Clare Tarracciano, and 
Michael A. Lynes 

Department of Molecular and Cell Biology, University of Connecticut 
 
 
     Metallothioneins are small molecular weight (about 7 kDa) metal-binding stress response 
proteins found in eukaryotes and prokaryotes. The highly homogenous structures of MTs sug-
gest common biological functions.  MTs can be induced by metals, glucocorticoids, endotoxin, 
acute phase cytokines, psychological stress, and irradiation.  There have been numerous reports 
of metallothionein in extracellular spaces despite an absence of a signal peptide for export, and 
several reports have suggested the existence of metallothinein receptors on the surface of dif-
ferent cell types.  Results from our lab have shown that MTs have important immunomodula-
tory functions: (1) exogenous MTs have a suppressive effect on T-cell dependent humoral im-
munity, (2) splenocytes from mice with disrupted Mt genes exhibited enhanced T-dependent 
humoral immunity, (3) mice treated with anti-MT monoclonal antibody also exhibit enhanced 
T-dependent humoral immunity, (4) MT can bind leukocyte plasma membrane, (5) MT can 
mediate leukocyte chemotaxis, and (6) manipulations of metallothionein gene composition can 
influence both autoimmune disease and response to infection.  To better understand the manner 
in which the extracellular pool of metallothionein interacts with immune cells, we designed ex-
periments to identify the binding site(s) or receptor(s) of metallothionein.  Using phage display, 
we identified 7 peptides that can bind to metallothionein.  Each of these peptides can block 
metallothionein-mediated chemotaxis (measured in a micro-Boyden chamber assay) to a cer-
tain degree.  Some of the peptides interfere with metallothionein-mediated chemotaxis better 
than others, but inspection of the sequences has not yet revealed any pattern to this blockade.  
We hypothesize that metallothionein’s influence on the leukocyte movement may serve as one 
way in which the immune response is modulated by stress, and may be a potential point of 
therapeutic intervention.  Identification of the specific metallothionein receptors should indi-
cate which immune responses are most sensitive to metallothionein-mediated influences.  
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CD8+ T-cell Activation and Cytotoxicity:  Does Temperature Matter? 
 

Thomas Mace, Evan Zynda, and Elizabeth Repasky, Ph.D. 
Departments of Immunology and Molecular and Cellular Biophysics,  

Roswell Park Cancer Institute, Buffalo, NY. 
 
 

T cells become activated through a primary signal delivered via the TCR/CD3 receptor 
complex that recognizes and binds MHC-antigen (Ag) peptide complexes on antigen present-
ing cells (APC) and a secondary stimulus mediated through the engagement of receptors such 
as CD28 with co-stimulatory molecules on APCs.  Overcoming an activation threshold by both 
primary and secondary signaling must be obtained in order for complete T cell activation.  
Nearly all in vitro experiments conducted to date which have led to our understanding of the 
requirements of T cell activation have been conducted under a standard temperature of 37°C.  
However, under physiological conditions, normal body temperature can range from 29-38°C 
while fever and hard exercise can bring core temperature to 40°C.  Our lab has previously 
shown that exposure of CD4+ T cells to mild (fever-range) hyperthermia (39.5°C) lowers their 
activation threshold and this effect is correlated with an increase in lipid raft aggregation.  
However, effects of temperature on the activation requirements and function of CD8+ T cells 
are not known.   

Our data reveals that heating of CD8+ T cells in vitro for 6 hours at 39.5°C causes an 
increase in the percentage of cells with aggregated lipid rafts in the plasma membrane (as 
judged by the distribution of the lipid raft marker, fluorescently labeled GM1).  Further, we 
have found that the fluidity of the plasma membrane increases with increasing temperature as 
measured by the fluorescence anisotropy of TMA-DPH.  Thus, we hypothesize that mild ther-
mal stress will lower the threshold of activation of CD8+ T cells, and like CD4+ T cells, this 
may be mediated by the thermally induced reorganization of lipid domains and fluidity within 
the plasma membrane.  Currently, CD8+ T cells are being incubated at different hypo- and hy-
perthermic physiological temperatures and will be activated with various concentrations of 
anti-CD3 and/or anti-CD28 in order to determine whether the threshold requirements for stimu-
lation have been affected by temperature (as measured by proliferation and cytotoxicity).  Acti-
vation will be measured using flow cytometry to detect IFN-γ producing cells and [3H]-
thymidine incorporation for proliferation.  Moreover, we are initiating experiments to evaluate 
the effects of heating on CD8+ T cell cytotoxicity.  For this portion of the project, we are using 
pmel-1 mice which are transgenic for CD8+ T cells expressing TCRs specific for the gp100 
peptide.  We are currently testing the effects of different physiological temperatures on Ag-
specific cytotoxicity of CD8+ T cells from pmel-1 mice against B16.F10 target cells.  Other 
ongoing experiments are testing whether heating CD8+ T cells affects synapse formation with 
APCs or target cells.   

Overall, this project should contribute to our understanding of the role of physiological 
temperatures on CD8+ T cell activation and function; this information could potentially be 
used to enhance the efficacy of CD8+ T cell cytotoxicity against tumor cells during immuno-
therapy.     
Supported by NIH P01 CA94045 and RO1 CA71599 
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In vivo Imaging of Migratory Cutaneous Dendritic Cells Permits Radiation Exposure  
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 Concerns over bioterrorism events involving radiation have prompted the need for meth-
ods to discern individuals that may have been exposed to radiation.   The goal of this project 
was to develop an assay to fulfill that need by examining two unique subsets of immune den-
dritic cells (DC) found in the dermal and epidermal layers of skin known as interstitial den-
dritic cells (iDC) and Langerhans cells (LC) respectively, and to further elucidate their re-
sponses to ionizing radiation (IR).  These cells are known to be highly radio-resistant and mi-
grate out of the skin in response to antigenic stimulation or exposure to ultraviolet radiation.  
To mimic the effects of a deliberate or accidental radiation exposure, the right ear of BALB/c 
mouse was irradiated using a Cesium-137 source while the rest of the body, including the left 
ear, used as a control, remained shielded.  At various times later, the densities of iDC and LC 
within the ear skin were examined and quantified by staining with FITC-conjugated anti-mouse 
MHC class II and PE-conjugated anti-langerin Abs respectively and visualized using fluores-
cence microscopy.  Following exposure to doses ranging from 1-25 Gy, the mice were exam-
ined 2-14 days later and cellular densities from 10 fields of view were averaged and normal-
ized.  
 Using this assay, we verified that ionizing radiation triggered the migration of both the 
MHC class II+ iDC as well as the langerin+ LC in a dose and time dependent manner.  This mi-
gration appeared to be limited by local administration of recombinant IL-12, an immunostimu-
latory cytokine reported to reduce cutaneous DC migration as a result of ultraviolet radiation 
(UVR) induced DNA damage.  Although UVR and IR create different forms of DNA damage 
these data suggest IL-12 may have some role in inducing a separate DNA repair pathway.  In 
addition, the assay was further expanded in an in vivo model by injecting fluorescently conju-
gated antibodies intradermally into the ear of a live, anesthetized mouse and the cells within the 
ear skin visualized using confocal microscopy.  Unlike previous ex vivo analysis of cutaneous 
DC, this technique permits multiple viewings of the populations of interest from a single live 
mouse over a time course following irradiation.  Thus, this assay is an innovative method to 
detect radiation exposure that is both sensitive and potentially less invasive than currently 
available techniques. 
Funded by Center for Biophysical Assessment and Risk Management Following Irradiation.  
Pilot Project 
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Our goal was to design a tumor model that could be imaged with minimal staining for 

situations such as whole mount and confocal fluorescence microscopy.  The recent discovery of 
the mFruit fluorescent proteins provided an innovative option to accomplish our objective.  
mFruit fluorescent proteins are a result of directed evolution of monomeric red fluorescent pro-
tein 1 (mRFP1).  Compared to mRFP1 they are both brighter and more photostable.  mCherry, 
which absorbs at 587nm and emits light at 610nm,  is among the most photostable of the 
mFruit proteins and, although not the brightest, is still significantly brighter than its predeces-
sors, such as DsRed.  

  Therefore, we transfected the pcDNA3.1+ vector containing mCherry into B16.F0 
cells, a spontaneously arising C57BL/6 derived melanoma cell line (B16/Cherry).  After trans-
fection, the resulting bulk population of transfectant was subcloned by limiting dilution and se-
lected for transgene expression using G418 and screened for mCherry production using fluores-
cence microscopy. Multiple subclones were isolated and various assays performed to assess 
B16/Cherry’s phenotype in vitro and in vivo.   

Photostabilty was analyzed in vitro by determining the time required for the fluores-
cence to quench beyond visibility at a constant exposure time.  B16/Cherry is particularly pho-
tostable and required over 60min to fully quench.  Additionally, both in vitro and in vivo 
growth curves (using intramuscularly (i.m.) injected tumors) were performed to compare the 
growth of B16.F0 and B16/Cherry.  In vitro, B16/Cherry grows significantly slower than its 
parental line, B16.F0.  However, in vivo, the growth of B16/Cherry is indistinguishable from 
that of B16.F0.  B16/Cherry retained its fluorescence when viewed ex vivo two weeks after in-
jection, demonstrating that mCherry expression is relatively stable.  In addition to imaging the 
i.m. tumors derived from the in vivo growth curves, whole mount microscopy was performed 
on B16/Cherry tumors grown intraperitoneally on the omenta of both wild type (WT) C57BL/6 
mice and GFP→WT chimeric mice, with the same retention of ex vivo fluorescence.  Future 
experiments will involve the transfection of mCherry into ID8, a C57BL/6 ovarian carcinoma 
line and EMT6, a BALB/c mammary sarcoma. 
 
Supported by NIH grant CA28332. 
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Differences in Macrophage Function Due to the Differential Expression of the  
Gap Junction Protein Connexin 43 

 
Thien Nguyen and Steven M. Taffet 

SUNY Upstate Medical University, Syracuse, NY 
 
 

Connexin 43 (Cx43) is a gap junction protein widely expressed in the immune system.  
Within the last few years several manuscripts have explored the role of gap junctions in the im-
mune system. Cx43 knockout mice are not viable so most of these studies were done in vitro 
and used chemical gap junction inhibitors that have non-specific effects. We developed a 
mouse model that specifically knocks out Cx43 from hematopoietic cells.  This was accom-
plished by generating radiation chimeras, where irradiated C57Bl/6 WT hosts were reconsti-
tuted with hematopoietic fetal liver cells from Cx43WT, Cx43+/-, and Cx43KO fetuses.  The 
presence of CD45.2 on the donor cells and CD45.1 in the recipient mice allowed us to deter-
mine reconstitution using flow cytometry. 
 Immune cell development was essentially normal in the mice reconstituted with fetal 
liver cells with dependence on Cx43 expression.  Similarly, the ability to produce an antibody 
response did not seem to be connexin dependent.  It has been proposed that Cx43 expression 
may be required for transmigration during inflammation.  To address this, thioglycolate broth 
was injected to induce peritoneal inflammation in Cx43WT, Cx43+/-, and Cx43KO chimeric 
mice.  Interestingly, we found that there was a significant increase in the number of infiltrating 
cells in the Cx43+/- reconstituted mice.  Cx43+/- chimeras had 28% (P<0.05) and 42% 
(P<0.0001) more cells in the exudate than Cx43WT and Cx43KO chimeras, respectively.  Al-
though there was a decrease in the number of infiltrating cells in the Cx43KO chimeras, but 
this was not significant compared to Cx43WT.  It therefore seems that there may be role for 
Cx43 in transmigration during inflammation but it is not required for this process. 
 Although there was an increase in the number of infiltrating cells in the Cx43+/- chime-
ras, the proportion of cell types making up the exudate remained similar to those of the 
Cx43WT and Cx43KO.  Because thioglycolate-induced exudate is primarily macrophages, we 
examined the bactericidal ability of Cx43WT, Cx43+/-, and Cx43KO fetal liver-derived macro-
phages (FLDM).  These cells were used so that the effects of irradiation and reconstitution 
were avoided. Cultured macrophages were infected with WT Listeria monocytogenes at a 
MOI=10, lysed after 4 hours, and Listeria colony formation was determined from the lysate.  
Similar to our results with the peritoneal washouts, we found that IFN-gamma-stimulated 
Cx43+/- FLDM were able to kill Listeria better than Cx43WT (P<0.00001) and Cx43KO 
(P<0.001) FLDM.  This may indicate that Cx43 channels play a role in Listericidal activity. 
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GM-CSF Improves Mucosal and Systemic Immune Responses to HA Elicited by  
Epidermal DNA Vaccination in Non-human Primates 
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Influence of IgA Expression on T-dependent and T-independent Antibody Responses 
 

Girish S. Kirimanjeswara, Paul M. Arnaboldi, Sharon Salmon, and Dennis W. Metzger 
Center for Immunology and Microbial Disease, Albany Medical College, Albany, NY 

 
 
     Individuals with selective IgA deficiency are competent in producing IgG class of antibod-
ies but often suffer from recurrent respiratory infections with encapsulated bacteria. We exam-
ined the immunological basis for this hyper-susceptibility using IgA deficient (IgA KO) mouse 
model. Following i.m. vaccination, wild type and IgA KO mice produced similar levels of all 
antibody isotypes (other than IgA) against T-dependent antigens including CRM197 and Influ-
enza HA and NA. However, IgA KO mice were severely defective in producing IgG antibody 
against T-independent (TI) antigens such as polysaccharides and polysaccharides conjugated to 
carrier proteins, although they did produce normal levels of IgM. Inoculation of IL-12 as an 
adjuvant during vaccination increased IgG antibody levels in both wild-type and IgA KO mice 
to the same degree, suggesting a quantitative rather than qualitative defect in TI antigen-
responsive cells in IgA KO mice. Indeed, flow cytometric analyses revealed that IgA KO mice 
contained significantly fewer B-1a B cells, the cell type thought to be primarily responsible for 
TI antibody responses. These results could explain the frequent failure of conjugate vaccines to 
induce protective immunity in IgA-deficient patients. Further investigations are underway to 
elucidate the molecular basis for the defective class switching by IgA KO mice in response to 
TI antigens.  
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Interferon-g Signaling Accelerates Macrophage CD32-mediated Antigen Processing  
 

Bhuvana Katkere, Bibiana Iglesias, Justin E. Wilson, Edmund J. Gosselin,  
and James R. Drake 

Center for Immunology and Microbial Disease  
Albany Medical College, Albany, NY 12208 

 
 
Interferon-g (IFN-g), a cytokine produced by CD4+ and CD8+ T lymphocytes, NK 

cells, and NK T-cells, induces antimicrobial mechanisms as well as up-regulates MHC class II 
expression in macrophages (MØ).  However, it is as yet unclear how IFN-g activation influ-
ences MØ antigen processing.  In a cell line where class II expression is under the control of an 
IFN-g non-responsive promoter, it was observed that IFN-g activation results in changes in an-
tigen presentation, leading to altered T-cell hybridoma activation and cytokine production.  It 
was hypothesized that interferon-g signaling accelerates the kinetics of antigen processing and 
presentation in MØ. Further experiments revealed that IFN-g fails to alter the kinetics of both 
fluid-phase and CD32-receptor-mediated antigen endocytosis, but accelerates degradation of 
soluble antigen endocytosed via CD32.  As indicated by previous studies, Francisella tularen-
sis (Ft), an intracellular pathogen known to survive and replicate within the cytoplasm of MØ 
after escape from the phagosome.  However published studies show that in IFN-g activated 
MØ, Ft-containing phagosomes fuse to the lysosomes and follow the endosomal-lysosomal 
degradation pathway. Previous publication has shown that Ft-infected MØ release pros-
taglandin E2 that blocks T-cell proliferation and promotes a Th2-like response by inducing in-
creased IL-5 cytokine production. Furthermore, in IFN-g activated MØ that are infected with 
inactivated Ft (iFt) or opsonized iFt, presentation to a Ft- specific T-cell hybridoma results in 
suppression of IL-5 cytokine production.  These results demonstrate that IFN-g signaling accel-
erates MØ CD32-mediated antigen processing and alters the processing/presentation of iFt-
derived antigens.  
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CD28 Supports Normal Plasma Cell Survival and Interactions with  
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Crystal Structure of Pseudomonas fluorescens-encoded Superantigen pfiT 
 

Lihui Liu, Yi Guo, Hongmin Li 
Wadsworth Center, New York State Department of Health,  

120 New Scotland Ave, Albany, NY 12208 
 
 
     T cell response to enteric bacteria is important in inflammatory bowel disease. pfiT, en-
coded by Pseudomonas fluorescens, is a T-cell superantigen associated with human Crohn’s 
disease. Here, we report the crystal structure of pfiT. This protein was overexpressed in Es-
cherichia coli and purified though Ni-NTA affinity and size exclusion chromatography. The 
protein is selenomethionine labeled and single wavelength anomalous dispersion method was 
used for determination of the crystal structure. The superantigen crystallizes in the monoclinic 
space group P21, with two molecules in asymmetric unit cell. The structure was determined to 
2.5Å resolution. Details of the crystal structure will be described.  
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Identification of Epitopes Within the Francisella tularensis Proteins Tul4 and IgIC 
 

Michael Valentino1, Denise Skrombolas1, Pamela McPherson1, Lucinda Hensley2,  
Matthew Woolard2, Thomas Kuwala2, Jeffrey Frelinger2, and John Frelinger1 

1University of Rochester, Rochester, NY 
2University of North Carolina, Chapel Hill, NC 

 
 
     Francisella tularensis is a Gram-negative intracellular bacterium that is the causative agent 
of tularemia.  Small mammals such as rodents and rabbits, as well as some biting arthropods, 
serve as the main vectors for environmental reservoirs of F. tularensis.  The relative ease of ac-
quisition, low infectious dose, ability to aerosolize the organism, and the possibility of generat-
ing antibiotic resistant strains, makes F. tularensis a prime organism for use in bioterrorism.  
As a result, some strains of F. tularensis have been placed on the CDC category A select agent 
list.  T cell immune responses are thought to be a critical component in protective immunity to 
this organism.  However, investigation into the immune responses to F. tularensis has been 
hampered by the lack of molecularly defined epitopes.  Here we report the identification of a 
dominant CD4 T cell epitope in mice.  Using T cell hybrids derived from C57BL/6 mice either 
infected with F. tularensis or which had been immunized by conventional means using purified 
recombinant protein in adjuvant, we have identified amino acids 86-99 of the lipoprotein Tul4 
(RLQWQAPEGSKCHD) as an immunodominant CD4 T cell epitope that is a major compo-
nent of both the acute and memory responses to F. tularensis infection.  Based upon the suc-
cessful identification of an epitope within Tul4, will apply the same strategy to identify epi-
topes within the Francisella Pathogenicity Island protein IglC.  Mutants of iglc fail to replicate 
within host cells and are essentially avirulent in mice and thus appears to be necessary for full 
virulence and pathogenicity of Francisella.  We will use nested deletions of IglC to map the lo-
cation of epitopes and then validate the epitope using synthetic peptide.  The identification of 
these epitopes will greatly aid in monitoring the course of F. tularensis infection and will also 
aid in the development of effective vaccine strategies for F. tularensis. 
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11th Annual Upstate New York Immunology Conference 
Exit Survey – Please mark the appropriate box 

 

 

 
  

General Information Yes No 

This was my first year attending the Upstate New York Immunology Conference 
(NYIC). 

  

I would recommend this Conference to fellow colleagues and/or students.   

Even if I leave my current location, I would consider attending this Conference in 
the future. 

  

Conference Organization Yes No 

Web site information was updated regularly   

The scientific content was diversified   

Keynote presentations were of personal value   

Students and Postdoctoral Fellows were given ample opportunities to present their 
research and interact with PIs 

  

Poster Session/Vendor Fair was well organized   

The overall meeting was well organized and met or exceeded my expectations.   

Anticipated Outcomes Yes No 

I have established a new contact with someone at the Conference that I believe 
will lead either to collaboration or future information sharing, data or techniques. 

  

I learned something specific at this Conference that I anticipate will save me time 
or money, or accelerate a research project or goal. 

  

I have made leads about current and/or future positions/openings and anticipate 
making further contacts. 

  

I had an opportunity to present my research by either presenting a poster or giv-
ing an oral presentation, which resulted in thought-provoking questions that will 
enhance my research project. 

  

Since last year’s Conference… 
(Only complete if attended 2007) 

Did not 
attend 

Yes No 

I have been in contact with someone on a current or future collabo-
ration. 

   

I have collaborated with one or more attendees, based on contact(s) 
made. 

   

I shared information with colleagues who did not attend last year’s 
Conference. 

   

I have submitted or published data related to topics discussed dur-
ing last year’s Conference. 
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Do you plan on attending the 12th Annual Upstate New York Immunology Conference?   
 
 
 
Suggestions for future Keynote Speakers (Name and Institution): 
 
 
 
Comments/Suggestions: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Name (Optional): ________________________________________________________ 

Since last year’s Conference… 
(Only complete if attended 2007) 

Did not 
attend 

Yes No 

A new idea or concept (either openly stated or created in your mind), 
which I became aware of during the Conference, has altered the di-
rection of my research. 

   

There has been a major advance in this area of research, either by me 
or others in the field, based upon an idea or concept that was re-
vealed or conceived during the Conference. 

   

I have used something specific that I learned at last year’s Confer-
ence that has saved me time or money, or has accelerated a research 
objective. 

   

Someone with whom I established contact during the Conference has 
been helpful to my research or career. 

   

I have obtained a Postdoctoral Fellowship or Faculty position 
through networking among institutions represented at the Confer-
ence. 

   


