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10th Annual Upstate New York Immunology Conference 
 
 

“Share the Excitement” 
 
 
 The Organizers of the Upstate New York Immunology Conference (NYIC) are 
pleased to welcome you to this year’s event.  The hope is that everyone will take some-
thing of value with them when they leave.  Perhaps it will be a new way of looking at 
your research, a new technique to try, a collaboration to form, or an individual or 
group to share your enthusiasm with. 
 
 For those of you joining us for the first time, “Welcome!”  What started as a 
small retreat has now blossomed into a Conference that is attended not only by immu-
nology researchers from institutions in the Northeastern United States, but also by 
people who come from across the country and outside of the United States.  In past 
years we have hosted scientists from Israel, Taiwan, Nigeria, England, China, and in 
2007, Brazil. 
 
 Every year we face the challenge of finding ways to provide graduate students 
and postdoctoral fellows opportunities to share their research, improve the quality of 
their oral presentations, field questions that will act as catalysts for future endeavors, 
and allow one-on-one interaction with experts in the field of immunology.  We hope 
we have accomplished that goal by providing more than 30 presenters on a variety of 
topics, in addition to over 20 oral poster presentations.   
 
 This year is exciting, not just for the scientific news and developments that will 
be shared, but also because we are celebrating our 10th Anniversary!  To honor the 
past decade of growth, we invite you to attend the keynote presentations, poster ses-
sion/vendor fair mixer, scientific sessions and our Anniversary Celebration.  The cele-
bration will feature a well-known area DJ, Andy Pratt.  After spending long days dis-
cussing science, everyone deserves to relax and have some fun.  We hope you do, too! 
 
 

The NYIC Organizers 
and 

The NYIC Scientific Advisory Board 
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Schedule of Events 
 
 
Sunday, October 14, 2007 
 
4:00-6:00 p.m.  Resort Check-In (Registration Building) 
 
4:00-6:00 p.m.  Conference Registration (Conference Center Lobby) 
 
6:00-6:30 p.m.  Free Time 
 
6:30-7:30 p.m.  Dinner (Bellvue Meeting Room) 
 
7:30-7:45 p.m.  Opening Remarks  (Dennis W. Metzger, Ph.D.) 
 
7:45-8:45 p.m.  Keynote Speaker  (Chair: James R. Drake, Ph.D.) 

 

 Janice S. Blum, Ph.D. 
Professor of Microbiology and Immunology 

Co-Director, Center for Immunobiology 
Indiana University 

“Class II Antigen Presentation: A View from the Inside” 
 
 
Monday, October 15, 2007 
 
 
7:00-8:30  a.m.  Breakfast (Sagamore Dining Room) 
 
8:30-10:00 a.m.  Session I:  Antigen Recognition 
(Bellvue)     Chair: Janice S. Blum, Ph.D. 
 
 
 8:30-8:50   James R. Drake, Ph.D. 
                                   (Albany Medical College) 
                                  “Further Establishing the Cellular and Molecular Biology of  
      B Cell Receptor-Mediated Antigen Processing and  
      Presentation"  
  
 8:50-9:10    Erica L. Granger, Graduate Student 
      (Pennsylvania State College of Medicine) 
      "Antigen Persistence: Do You Need Virus?"  
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Monday, October 15, 2007 (cont’d) 
 
 
 9:10-9:30    Paul K. Wallace, Ph.D. 
      (Roswell Park Cancer Institute) 
      "Divided We Stand: Tracking Cell Proliferation from Near  
      UV to the Near IR"  
 
 9:30-9:50    Stephen Festin, Ph.D. 
      Senior Manager, Molecular Analysis 
      Taconic Albany Site Laboratories 
      "Molecular Analysis and Quality Control of Complex Disease  
      Models in Mice"  
 
 
10:00-10:30 a.m.  Break (Bellvue Foyer) 
 
10:30-12:30 p.m.  Session II: Oral Poster Presentations 
(Bellvue)           Chair:  Brent Berwin, Ph.D. 
 
 
 10:30-10:45 * Deborah M. Brown, Ph.D. 
     (Trudeau Institute) 
     “Antigen Dose and IL-2 Regulate Cytolytic Activity in  
     CD4 T cells” 
 
 10:45-11:00 * Michelle A. Parent, Ph.D. 
     (University of Delaware) 
     “Investigating the Dendritic Cell Immune Response to  
     Yersinia pestis KIM D27 Infection”  
 
 11:00-11:15 * Chad A. Hudson, Graduate Student 
     (SUNY Upstate Medical University) 
     “Glial Inflammasomes Stimulate IL-33-Like Induction of Mast 
     Cell Cytokines” 
 
 11:15-11:30 * Justin E. Wilson, Graduate Student 
     (Albany Medical College) 
     “Francisella tularensis Infected Macrophages Produce  
     Prostaglandin E2 that Skews T cell Responses” 
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Monday, October 15, 2007 (cont’d) 
 
 
 11:30-11:45 * Angela M. Tatum, Graduate Student 
     (Pennsylvania State University) 
     “Regression of Advanced Stage Oncogene-induced Tumors 
     Mediated by Interferon-γ Producing CD8+ T cells (TCD8)  
     Specific for a Single Immunodominant Epitope” 
 
 11:45-12:00 * Chen-Ting Lee, Graduate Student 
     (Roswell Park Cancer Institute) 
     “Thermal Regulation of Macrophage Functions During the  
     Inflammatory Response” 
 
 12:00-12:20  Kelly Lundsten, Ph.D. 
     Field Application Scientist 
     Invitrogen Corporation 
     “Go with the Flow: Dynabeads get you Sorted”   
 
 
12:30-1:30 p.m.  Lunch (Sagamore Dining Room) 
 
1:30-3:15 p.m.  Session III: Oral Poster Presentations 
(Bellvue)           Chair: James R. Drake, Ph.D. 
  
 
 1:30-1:45 *   Trupti Vardam, Graduate Student 
      (Roswell Park Cancer Institute) 
      “Indispensable Role of IL-6-Activated STAT3/1 in Promoting  
      ICAM-1-Dependent Lymphocyte Trafficking During Fever- 
      Range Thermal Stress” 
 
 1:45-2:00 *   Bhuvana Katkere, Graduate Student 
      (Albany Medical College) 
      “Interferon-γ Signaling Dependent Differential Processing  
      and Presentation of Francisella tularensis Antigens” 
 
 2:00-2:15 *   Thomas Mace, Graduate Student 
      (Roswell Park Cancer Institute) 
      “Mild Thermal Stress Alters the Requirements for  
      Costimulation in T lymphocytes and Results in Lipid  
      Raft Re-organization” 
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Monday, October 15, 2007 (cont’d)  
 
 
 2:15-2:30 *   Michael D. Laiosa, Ph.D. 
      (University of Rochester) 
      “Inorganic Mercury Alters CD95-dependent Threshold  
      Signaling in T cells” 
 
 2:30-2:45 *   Maegan Capitano, Graduate Student 
      (Roswell Park Cancer Institute) 
      “Fever-Range Thermal Stress Improves the Rate of  
      Granulocyte Recovery and G-CSF Production Following  
      non-Myeloablative Total Body Irradiation” 
  
 2:45-3:05    Robert S. Balderas 
      Vice President of Research and Development 
      BD Biosciences 
      "Phosphorylation-state Analysis in Single Cells: 
      Techniques and Clinical Applications"  
 
 
3:15-3:30 p.m.  Break (Bellvue Foyer) 
 
3:30-5:30 p.m.  Session IV:  Oral Poster Presentations 
(Bellvue)           Chair: Edith Lord, Ph.D. 
 
 
 3:30-3:45 *   Ana Flavia Popi, Ph.D. 
      (Federal University of São Paulo) 
      “Ikaros Expression by B-1 cells Questions its Guide Role in the  
      Lymphoid Commitment” 
 
 3:45-4:00 *   Mingtao Zeng, Ph.D. 
      (University of Rochester) 
      “Adaptive Immunity to Botulinum Neurotoxin after a Single 
      Dose Vaccination with an Adenovirus-Vectored Vaccine” 
 
 4:00-4:15 *   K. Kai McKinstry, Ph.D. 
      (Trudeau Institute) 
      “Secondary Effectors Generated from Memory CD4 T cells are  
      Functionally Superior to Primary Effectors Generated from  
      Naïve CD4 T cells” 
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Tuesday, October 16, 2007 (cont’d) 
 
 
8:30-10:30 a.m.  Session V: Cytokines and Immune Regulation 
(Bellvue)      Chair: Laura Haynes, Ph.D. 
 
 
 8:30-8:50    Margaret S. Bynoe, Ph.D. 
      (Cornell University) 
      "Modulation of the Immune Response is Skin Deep"  
 
 8:50-9:10    Kelvin P. Lee, Ph.D. 
      (Roswell Park Cancer Institute) 
      "CD 28 - Old Dog, New Tricks"  
 
 9:10-9:30    George P. Christophi, Graduate Student 
      (SUNY Upstate Medical University) 
      "SHP-1 Deficiency and Increased Cytokine Signaling in  
      Multiple Sclerosis Patients"  
 
 9:30-9:50    Alexander C. Maue, Ph.D. 
      (Trudeau Institute) 
      "Extrinsic Age-related Factors Affect Naïve CD4 T cell   
      Responses"  
 
 9:50-10:10   B. Paige Lawrence, Ph.D. 
      (University of Rochester) 
      "The Aryl Hydrocarbon Receptor as a Modulator of  
      Neutrophil Recruitment and IFN-γ Production During   
      Influenza Virus Infection"  
 
 10:10-10:30   Ling Cao, Ph.D. 
      (Dartmouth-Hitchcock Medical Center) 
      "CD40: The Bridge Between CD4+ T cells and the CNS in  
      Neuropathic Pain"  
 
 
10:30-11:00 a.m.  Break (Bellvue Foyer) 
 
11:00-12:30 p.m.  Session VI: Cellular and Molecular Immunology 
(Bellvue)     Chair: John T. Harty, Ph.D. 
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Tuesday, October 16, 2007 (cont’d) 
 
  
 11:00-11:20   Jeffrey H. Mills, Ph.D. 
      (Cornell University) 
      "The Mind is a Terrible Thing to Waste: The Story of CD73,  
      EAE, and a Group of Rowdy Cells Trying to Get into the  
      Brain and Cause Trouble"  
 
 11:20-11:40   Shinu John, Graduate Student 
      (University at Buffalo) 
      "Ets-1 Knock out Mice Exhibit Increased Plasma Cell  
      Differentiation in Response to TLR7/TLR9 Ligands and Loss  
      of Peripheral B cell Tolerance"  
 
 11:40-12:00   Shawn P. Murphy, Ph.D. 
      (University of Rochester) 
      "Dampening of IFN-γ-Responsive Gene Expression in   
      Human Trophoblast Cells Occurs by Inhibition of the JAK- 
      STAT Pathway"  
 
 12:00-12:20   Thien Nguyen, Graduate Student 
      (SUNY Upstate Medical University) 
      "Is There a Role for Connexin43 in Immunity?"  
 
 
12:30-1:30 p.m.  Lunch (Sagamore Dining Room) 
 
1:30-3:00 p.m.  Session VII: Immunity to non-Viral Infections 
(Bellvue)      Chair: Gary M. Winslow, Ph.D. 
 
 
 1:30-1:50    Girish S. Kirimanjeswara, D.V.M., Ph.D. 
      (Albany Medical College) 
      "Antibody-mediated Protection Against Lethal Respiratory  
      Tularemia"  
 
 1:50-2:10    Eric Denkers, Ph.D. 
      (Cornell University) 
      "Manipulation of Immunity to Toxoplasma gondii"  
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Tuesday, October 16, 2007 (cont’d) 
 
 
 2:10-2:30   Rachael Racine, Graduate Student 
      (Wadsworth Center) 
      “CD11c-positive Spleen B1-like Plasmablasts Elicited During  
      Intracellular Ehrlichia Infection are a Potent Source of  
      Specific Antibodies During T-independent Responses” 
 
 2:30-2:50    Yasmin Thanavala, Ph.D. 
      (Roswell Park Cancer Institute) 
      "The Role of the CYS-PAM3 Motif of non-Typeable  
      Haemophilus Influenzae OMP P6 in Stimulating Innate  
      Immune Responses"  
 
 
3:00-3:15 p.m.  Break (Bellvue Foyer) 
 
3:15-5:15 p.m.  Session VIII: Antiviral Immunity 
(Bellvue)     Chair:  Yasmin Thanavala, Ph.D. 
  
 
 3:15-3:35    Deborah H. Fuller, Ph.D. 
      (Albany Medical College) 
      "DNA Vaccine Immunotherapy for HIV: Long-term Control  
      without Drugs in the non-Human Primate Model for AIDS"  
 
 3:35-3:55    Eric Yager, Ph.D. 
      (Trudeau Institute) 
      "Naïve CD8 T cell Precursor Frequencies Influence Epitope  
      Immunodominance in Aged Mice Following Influenza Virus  
      Infection and can Predict the Development of Holes within the  
      Aged T cell Repertoire"  
 
 3:55-4:15    Shinichiro Fuse, Graduate Student 
      (Dartmouth Medical School) 
      "CD80/CD86-CD28 Costimulation Controls both Memory 
      CD8+ T cell Differentiation and the Recall Response"  
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Tuesday, October 16, 2007 (cont’d) 
  
 
 4:15-4:35    Jacob Kohlmeier, Ph.D. 
      (Trudeau Institute) 
      "Role of the Chemokine Receptors CCR5 and CXCR3 in  
      Virus-specific Memory CD8+ T cell Recruitment to the Lung  
      Airways"  
 
 4:35-4:55    John Hunzeker, Ph.D. 
      (Pennsylvania State University) 
      "Suppression of Cross-Priming by Neuroendocrine-Associated  
      Hormones"  
 
 4:55-5:10 *   William R. Green, Ph.D. 
      (Dartmouth Medical School) 
      “The PD-1 and IL-10 Pathways Play a Down-modulatory Role 
      in LP-BM5 Retrovirus-induced Murine Immunodeficiency 
      Syndrome” 
 
 
5:15-6:00 p.m.  Free Time 
 
6:00-7:00 p.m.  Dinner (Sagamore Dining Room) 
 
7:00-8:00 p.m.  Keynote Speaker  (Chair: Gary M. Winslow, Ph.D.) 

 
John T. Harty, Ph.D. 

Endowed Professor of Microbial Immunology 
Carver College of Medicine, Department of Microbiology 

University of Iowa 
“Regulating the CD8+ T cell Response Program” 

 
 
8:30-11:30 p.m.      Anniversary Celebration (Nirvana) 

Refreshments provided by BD Biosciences 
Music by DJ, Andy Pratt - provided by Invitrogen 

 
 
Wednesday, October 17, 2007 
 
 
7:00-8:30 a.m.    Breakfast (Sagamore Dining Room) 



 15 

Wednesday, October 17, 2007 (cont’d) 
 
 
8:30-10:15 a.m.  Session IX: Microbial Pathogenesis 
(Nirvana)           Chair:  Edmund J. Gosselin, Ph.D. 
 
 
  8:30-8:50    Jing Wang, Ph.D. 
       (Dartmouth Medical School) 
       "Mechanisms of Hepatocellular Damage in a Murine Model of  
       Autoimmune Hepatitis"  
 
  8:50-9:10   Rosemary Rochford, Ph.D. 
      (SUNY Upstate Medical University) 
      "EBV-specific T cell Immunity in Kenyan Children with  
      Divergent Exposures to Malaria"  
 
  9:10-9:30    Michael W. Russell, Ph.D. 
       (University at Buffalo) 
       "Bridging Innate and Adaptive Immunity to Infections in the  
       Genital Tract"  
 
  9:30-9:45 *  Eric F. Tewalt, Graduate Student 
      (Pennsylvania State University) 
      “Viral Sequestration of Antigen Subverts CD8+ T Cell  
      Priming” 
 
  9:45-10:00 *   Amanda Melillo, Graduate Student 
       (Albany Medical College) 
       “A Role for Francisella tularensis Antioxidant Enzymes in  
       Macrophage Kinase and Phosphatase Signaling” 
 
  10:00-10:15 *  Ashley N. Brown, Graduate Student 
       (Wadsworth Center/UAlbany) 
       “West Nile Virus Infection in Mice Results in a Lymphopenia” 
 
 
10:15-11:00 a.m.  Break and Resort Check-out 
 
11:00-12:45 p.m.  Session X: Vaccines and Adaptive Immunity 
(Nirvana)     Chair: Michael W. Russell, Ph.D. 
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Wednesday, October 17, 2007 (cont’d) 
 
 
  11:00-11:15 *  Bisweswar Nandi, Ph.D. 
       (Wadsworth Center) 
       “Antigen Presentation During Acute and Chronic Ehrlichiosis 
       is Dependent on APC Type and Site of Infection” 
 
  11:15-11:35  Nejat K. Egilmez, Ph.D. 
       (University at Buffalo) 
       "Reversing Tumor Immune Suppression with Intra-tumoral  
       IL-12"  
 
  11:35-11:55   James J. Kobie, Ph.D. 
       (University of Rochester) 
       "B cell, T cell, and Dendritic Cell Responses in  
       Immunocompromised Patients Receiving Inactivated  
       Influenza Vaccine"  
   
  11:55-12:15   Jeffrey Kennedy, Ph.D. 
       (Wadsworth Center) 
       "Emerging Viruses, Vaccines and Describing the Molecular  
       Basis of Protective Immunity"  
 
  12:15-12:35   Todd D. Schell, Ph.D. 
       (Pennsylvania State University) 
       "Providing a Boost for Adoptive Immunotherapy of Cancer:  
       The CD8+ T cell Response to SV40-induced Tumors"  
 
 
1:00-2:00 p.m.  Lunch (Sagamore Dining Room) 
 
                   
 
 

DEPART FROM CONFERENCE 
 
 

Next year’s meeting dates:  October 19-22, 2008 
 

 
* Oral Poster Presentation (15 minutes) 
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Financial Support Provided by the Following Institutions: 
 

Albany Medical Center 
Alumni Association 

 
Cornell University of Veterinary Medicine 

Department of Microbiology & Immunology 
 

Dartmouth College 
Department of Microbiology & Immunology 

 
Pennsylvania State College 

 
Roswell Park Cancer Institute 
Department of Immunology 

 
SUNY Upstate Medical University 

Microbiology & Immunology Program 
 

Trudeau Institute 
 

University at Buffalo 
Department of Microbiology & Immunology 

 
University of Rochester Medical Center 

Department of Microbiology & Immunology 
 

Wadsworth Center 
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For continuing grant support  
provided to 

Graduate Students 
and  

Postdoctoral Fellows 
 

“Thank You” 
to the: 

 
National Institute of 

Allergy and Infectious Diseases  
 

1R13 AI051522 
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Keynote Speaker 

 
Sunday, October 14, 2007 

7:45 p.m. 
 

Conference Center 
Bellvue Meeting Room 

 
Janice S. Blum, Ph.D. 

Professor of Microbiology and Immunology 
Co-Director, Center for Immunobiology 

Indiana University 
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Janice S. Blum, Ph.D. 
“Class II Antigen Presentation: A View from the Inside” 

 
Antigen presenting cells serve as sentinels for the immune system, surveying the host for self 
antigens as well as pathogens and transformed cells.  While some antigen presenting cells are 
acutely sensitive to pathogen-driven signaling and activation via innate immune receptors, these 
cells also play a central role in modulating the responses of T lymphocytes.  MHC class I and 
class II molecules on antigen presenting cells function to display fragments of self as well as 
foreign antigens for recognition by T cell receptors expressed on CD8+ or CD4+ lymphocytes, 
respectively.  In the 1980’s, dogma held that class I molecules acquired peptides derived only 
from endogenous cytoplasmic and nuclear antigens for presentation.  Thus, these MHC mole-
cules were critical in activating T cell responses against tumors and infectious viruses.  By con-
trast, MHC class II molecules which traffic the endosomal network, were believed to sequester 
peptides from bacterial pathogens, autoantigens and inactivated viral vaccines which enter en-
dosomes and lysosomes.  Studies have now shown that this simplified view is incorrect, and 
that both class I and class II molecules can access ligands within multiple subcompartments of 
the cell.  Focusing on class II molecules, we investigated the intracellular mechanisms leading 
to class II presentation of cytoplasmic antigens.  These studies revealed some common as well 
as distinct steps in the presentation of cytoplasmic antigens shared by MHC class I and class II.  
Our studies demonstrated that an endogenous route exists for delivering fragments of cytoplas-
mic antigens into the endosomal network for presentation by class II molecules.  In many cases, 
processing of these cytoplasmic antigens required the action of conserved neutral proteases, in-
cluding the proteasome and calpain.  Yet, like the conventional pathway for exogenous antigen 
presentation by class II, acidic proteases found in endosomes and lysosomes also appear to trim 
these antigenic peptides.  Class I molecules rely on TAP, the transporter for antigenic peptides 
to deliver cytoplasmic peptides into the endoplasmic reticulum. Yet, autophagy pathways func-
tion to bring together cytoplasmic ligands and class II molecules within the endosomal network.  
The role of distinct autophagy pathways in class II presentation will be discussed with an em-
phasis on the importance of chaperone-mediated autophagy.  The role of specific heat shock 
proteins and lysosomal membrane proteins in regulating this pathway for class II antigen pres-
entation will be addressed.  These studies demonstrate that overlap in the pathways for MHC 
class I and class II presentation exist and may benefit the host particularly in terms of overcom-
ing pathogen or tumor immunoevasion. 
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Keynote Speaker 

 
Tuesday, October 16, 2007 

7:00 p.m. 
 

Main Hotel 
Sagamore Dining Room 

 
John T. Harty, Ph.D. 

Endowed Professor or Microbial Immunology 
Carver College of Medicine 

Department of Microbiology 
University of Iowa 
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John T. Harty, Ph.D. 
“Regulating the CD8+ T cell Response Program” 

 
 

“No Abstract Provided” 
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The Sagamore Resort and Conference Center 

on Lake George 
Bolton Landing, NY 

 
 

 
 
 
 
 
 

 
We would like to take this opportunity 

to thank the staff of The Sagamore 
for  providing outstanding service 

and accommodations. 
 

Special thanks to: 
Pat Jarett, Conference & Catering Coordinator 

Lori Rehm, National Sales Manager 
Don Vilmar, Banquet Manager 
Joel Clark and the Housemen 

Banquet Captains 
Concierge Associates 

Housekeeping 
Sagamore Dining Room Staff 

Wait Staff 
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Session I 

 
Antigen Recognition 



42  

Further Establishing the Cellular and Molecular Biology of B Cell  
Receptor-Mediated Antigen Processing and Presentation 

 
James R. Drake, Ph.D. 

Center for Immunology and Microbial Disease, Albany Medical College, Albany, NY 12208 
 
 
 Antigen processing by antigen-specific B lymphocytes results in the recruitment of T 
cell help and full expression of a humoral immune response.  However, the molecular mecha-
nisms of B cell receptor (BCR)-mediated antigen processing and presentation are only under-
stood at a rudimentary level.  Using two complementary model systems, the molecular mecha-
nisms of three major steps in the pathway are being investigated.  These studies have estab-
lished that internalization of cell surface antigen-BCR (Ag-BCR) complexes occurs via a sig-
naling-independent mechanism, with Ag-BCR complexes being internalized via either of two 
distinct independent endocytic portals (i.e. clathrin coated pits or lipid rafts).  Subsequently, in-
ternalized Ag-BCR complexes are delivered to intracellular MIIC antigen processing compart-
ments via a ubiquitin-dependent mechanism.  Recent analysis suggests that only one of the en-
docytic portals leads to the ubiquitin-dependent trafficking of Ag-BCR to MIIC.  Finally, BCR-
mediated antigen processing results in the formation of antigenic peptide-class II complexes 
with unique biological and immunological properties.  More recent studies are beginning to 
provide a more precise understanding of the molecular structures that give rise to these proper-
ties.  The immunological implications of these finding will be discussed. 
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Antigen Persistence: Do You Need Virus? 
 

Erica L. Granger and Chris Norbury 
Pennsylvania State College of Medicine, Hershey PA 

 
 
 CD8+ T cells (TCD8+) play an important role in the immunity to viruses and intracellular 
pathogens.  TCD8+ are activated by professional antigen presenting cells such as dendritic cells 
(DCs). DCs are able to present antigens either from endogenously synthesized viral proteins 
(direct presentation) or from exogenously synthesized viral proteins transferred from virus in-
fected cells (cross presentation).  Recent studies have suggested that antigen from viral infec-
tions persists for weeks after the virus has been cleared.  However, the mechanism by which the 
antigen is able to persist is unknown.  By using well studied recombinant vaccinia viruses 
(rVV) expressing an ovalbumin (OVA) peptide in the context of a protein with either a short or 
long half-life, we are able to examine the mechanism for antigen persistence. OVA peptide that 
has a half-life of only 7 seconds can only be directly presented. However, full-length OVA has 
a half-life of 280 minutes and can be directly presented as well as cross-presented.  We show 
that antigen expressed by rVV is able to persist for weeks after the acute infection is cleared.  
This persistence is not dependent on replicating virus as antigen from a replication deficient vi-
rus is able to persist for at least 3 weeks post immunization.  We define three distinct mechanis-
tic phases responsible for the persistence of antigen. The first phase is through viral replication.  
We show that antigen persists for an additional 10 days when mice are immunized with a repli-
cating rVV as compared to a non-replicating rVV.   The second phase is the persistence of the 
virally infected cell and concomitant direct presentation.  We demonstrate that antigen persists 
for 12 days when mice are immunized with a non-replicating rVV expressing the OVA peptide 
that is not cross-presented. The third phase is the ability of antigen to be cross-presented.  We 
show that antigen is able to persist for 18 days when mice are immunized with infected cells 
that are unable to directly present antigen.  Based on our results, we have determined various 
mechanisms by which antigen is able to persist for approximately 40 days post immunization.  
These results have significant implications in the development of vaccines that are able to 
stimulate a long-term immune response as well as a robust memory TCD8+ population.    
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Divided We Stand: Tracking Cell Proliferation from Near UV to the Near IR 
 

Paul K. Wallace and Joseph D. Tario, Jr. 
Department of Flow and Image Cytometry, Roswell Park Cancer Institute,  

Buffalo, NY, 14127. 
 
 

 We have used the PKH lipophilic fluorescent dyes which stain cell membranes and then 
partition between daughter cells at division in conjunction with flow cytometry to measure cell 
proliferation.  Described is an extension of this dye dilution methodology to calculate the pre-
cursor frequency of antigen-specific T-cells.  With mathematical deconvolution of the fluores-
cence histograms, information can be derived about the precursor frequency of cells in the 
original population that responded to the specific stimulus.  We estimate that this method can 
detect proliferation of cells, before addition of the stimulus, that represent approximately 1 in 
10,000 cells.  Using this approach, we compared three individual methods for assaying the fre-
quency of antigen-specific T cells: ELISPOT or intracellular cytokine production, tetramer-
binding, and PKH dye dilution using human T cells cultured with influenza-peptide-loaded den-
dritic cells.  The three methods yielded similar but not identical results.  Using a multiparameter 
flow cytometric method, which permits simultaneous analysis of antigen-specific tetramer bind-
ing, T-cell proliferation, and cytokine production, we calculated the proportion of different pre-
cursor subsets in the original, resting population.  We conclude that approximately half of the 
cells that bound specific tetramers actually proliferated and synthesized IFNγ in response to 
antigen.  We have further extended these studies with the development of three new lipophilic 
membrane dyes, CellVue Lavender, CellVue Plum and CellVue NIR780; with fluorescence 
emissions in the violet, far-red and near infrared wavelength regions respectively.  While the 
use of cell tracking labels such as the lipophilic PKH and protein label CFSE dyes have been 
important in tracking cells and monitoring cell proliferation, their emission characteristics have 
limited experimental design and complexity.  These new reagents demonstrate equivalence to 
PKH class of dyes in terms of staining procedure, membrane stability, optimal concentration, 
and effect on cellular proliferation.  The CellVue dyes however, exhibit different spectral char-
acteristics than conventional tracking compounds, and capitalize upon the increased number of 
lasers incorporated into commercially available instrumentation.  This will permit measurement 
of labeled populations in underexploited regions of the spectrum and may be combined with 
additional markers of function and differentiation to describe the complex response potential of 
T-cells.   
 
. 
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Molecular Analysis and Quality Control of Complex Disease Models in Mice 
 
 

Stephen Festin, Ph.D. 
Senior Manager, Molecular Analysis 

Taconic Albany Site Laboratories, Rensselaer, NY 
 
 

 Determination of complex molecular genomic modifications and molecular background 
characterization is becoming more critical, especially in a post genomic era.  Traditional consti-
tutive single gene knockout or transgenics no longer represent state of the art for disease model 
development.  Complicated multi pathway systems and conditional gene modification and in-
ducible models require assured methods of quality control and characterization.  In this over-
view, novel technology approaches to analyzing these models breeding in a pathogen-controlled 
environment will be discussed.  Challenges providing high quality, high throughput genotyping 
systems will be covered including unique solutions for genotyping requirements.   
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Antigen Dose and IL-2 Regulate Cytolytic Activity in CD4 T cells 

 
Deborah M. Brown, Allison Dilzer, Cris Kamperschroer, Deborah Roberts and Susan L. Swain 

Trudeau Institute, Saranac Lake, NY 12983 
 
 

Our laboratory previously demonstrated that CD4 effectors could promote survival 
against a highly pathogenic influenza virus via an antibody independent mechanism that in-
volved class II restricted, perforin-mediated cytotoxicity. The factors that regulate cytolytic 
function in CD4 cells have not been investigated and our understanding of how naïve CD4 cells 
differentiate into class II restricted killers remains obscure. Influenza specific CD4 cells from 
TCR Tg mice were activated using a variety of culture conditions and assessed for their ability 
to lyse target cells. Peptide specific cytolytic activity was induced when CD4 cells were stimu-
lated by peptide pulsed antigen presenting cells (APC) in the presence of Th1, but not Th2 po-
larizing conditions. Interestingly, non-polarized CD4 cells grown in the presence of IL-2 dem-
onstrated the greatest amount of lysis, while addition of IL-4 could inhibit cytotoxicity.  Anti-
gen dose had a marked effect on CD4 mediated lysis in that, very low concentrations (5 nM) of 
peptide induced potent cytolytic activity that was inversely correlated with expansion and acti-
vation state.  Further studies demonstrated that the addition of exogenous IL-2 was necessary at 
low peptide dose (50-5 nM) to drive GrB expression and perforin mediated lysis. In addition, 
BMDC were potent stimulators of the cytolytic phenotype, independent of TLR activation. 
However, APC derived IL-6 was not required for inducing cytolytic activity in CD4 effectors.  
Studies are underway to determine which APC derived cytokines may be important for direct-
ing perforin mediated cytolytic activity in CD4 cells.  These data have implications for the de-
sign of vaccines that may induce cytolytic CD4 cells in vivo and improve cell mediated immu-
nity to a variety of viral and bacterial infections. 
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Investigating the Dendritic Cell Immune Response to  
Yersinia pestis KIM D27 Infection  

 
Amy T. Servas1, Carrie Paquette-Straub2, and Michelle A. Parent2 

1Department of Biological Sciences, 2Department of Medical Technology, 
University of Delaware, Newark DE 19716 

 
 

The bacterium Yersinia pestis causes pneumonic plague, a fatal infection for which no 
vaccine is currently available.  Although antibody-mediated humoral immunity can protect 
mice from pneumonic infection, antibodies alone are insufficient at protecting nonhuman pri-
mates.  Toward that end, we investigated a possible role for cell-mediated protection against 
pneumonic plague, hypothesizing that antibody alone is insufficient in the nonhuman primate.  
We have developed a vaccine model using Y. pestis KIM D27, B cell-deficient mice, and con-
valescent serum that generates T cell-meditated protection against lethal pneumonic infection.  
Our goal is to understand the underlying mechanisms of this protective cell-mediated response 
by investigating early interactions between Y. pestis KIM D27, convalescent serum and antigen 
presenting cells, specifically dendritic cells (DC).  We assessed DC infection with Y. pestis 
KIM D27 with or with-out convalescent serum.  Additionally, we compared infection with Y. 
pestis KIM D27 (pgm-negative, pCD+) to infection with Y. pestis KIM D28 (pgm-negative, 
pCD-) since literature suggests pCD virulence plasmid suppresses the host response.  Using 
Dendritic cell, Antigen Presenting cell Microarray, along with colony forming units (CFU), vi-
ability assays, and cytokine production, we are beginning to understand the immune response to 
Y. pestis KIM D27 infection.  Understanding this cell-mediated protective response will aid in 
the development of a vaccine that generates both humoral and cell-mediated immunity.  
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Glial Inflammasomes Stimulate IL-33-Like Induction of Mast Cell Cytokines 
 

Chad A. Hudson and Paul T. Massa 
SUNY Upstate Medical University, Syracuse, NY 

 
 

The members of the IL-1 cytokine family that require caspase-1 cleavage for secretion 
have become a considerable focus of research with the discovery of the inflammasome, an in-
tracellular complex that activates caspase-1.  Most attention has been directed at the proinflam-
matory IL-1beta and the Th1-skewing IL-18, while less is known about the Th2-skewing IL-33, 
a cytokine that activates mast cells and Th2 cells.  IL-33 mRNA levels are extremely high in the 
brain and spinal cord making the central nervous system (CNS) a potentially significant source 
of IL-33.  Glial cultures treated with either LPS or poly I:poly C (pI:pC) for 8 hr followed by a 
30 min ATP pulse in fresh media (dual-Tx) had significantly higher levels of supernatant IL-
1beta than cultures receiving any single treatment (LPS, pI:pC, or ATP) indicating that glia pos-
sess functional inflammasomes.  We have found that recombinant IL-33 induces the secretion 
of IL-6, IL-13 and MCP-1 from the mast cell line MC/9.  Interestingly, the supernatants from 
the dual-Tx glial cultures (with either LPS or pI:pC as the first treatment) were able to induce 
greater secretion of IL-6, IL-13 and MCP-1 from MC/9 cells than supernatants from single 
treatment glia.  Further, neither recombinant IL-1beta- nor IL-18-stimulated MC/9 cells se-
creted IL-13 at levels similar to IL-33- or dual-Tx glial supernatant-stimulated MC/9 cells.  Pre-
incubation of either recombinant IL-33 or dual-Tx glial supernatant with soluble recombinant 
ST/2L, the receptor for IL-33, significantly lowered the level of IL-13 secretion by MC/9 cells.  
Moreover, significant levels of IL-33 were found by ELISA in dual-Tx, but not single treat-
ment, glial supernatants.  These results indicate that glia can secrete relatively high levels of 
active IL-33 after inflammasome activation and suggest that innate immunity in the CNS might 
have a unique Th2-skewing phenotype after viral or bacterial infection.       
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Francisella tularensis Infected Macrophages Produce Prostaglandin E2 that 
Skews T cell Responses 

 
Justin E. Wilson and James R. Drake 

Center for Immunology and Microbial Disease, Albany Medical College,  
Albany, New York 12208, USA 

 
 
 Macrophages play an important role in host defense by phagocytosing and inactivating 
pathogens.  However, the intracellular bacterium Francisella tularensis avoids degradation and 
survives and replicates within alveolar macrophages, ultimately killing the host cell and leading 
to the potentially fatal disease, Tularemia.  Sublethal doses of the live vaccine strain (LVS) of 
F. tularensis can induce protective immunity involving the generation of both CD4+ and CD8+ 
specific T cells, which is dependent on the cytokines TNF-α and IFN-γ.  However, it remains to 
be determined how infected macrophages process and present F. tularensis antigens to T cells 
to elicit effector function.  Using a T cell hybridoma-based model system, it was observed that 
macrophages infected with F. tularensis produce a soluble factor that induces a shift in the T 
cell cytokine profile from IL-2 to IL-5 in response to antigen presentation.  Inhibition of pros-
taglandin synthesis with a cyclooxygenase inhibitor partially restored the cytokine profile and 
addition of exogenous PGE2 to the antigen presentation assay or to antibody-stimulated T cells 
results in a similar cytokine switch observed during F. tularensis infection.  Moreover, signifi-
cant levels of PGE2 are produced by macrophages exposed to F. tularensis, further demonstrat-
ing that PGE2 is directly responsible for skewing the T cell response.  When the surface charac-
teristics of the bacteria are altered either chemically or by the mutation of genes coding for cap-
sular components, F. tularensis LVS induces lower PGE2 production, resulting in an incomplete 
shift in the T cell cytokine profile.  These results suggest that F. tularensis bacterial surface 
components induce the production of PGE2 by macrophages, which is able to modulate T cell 
response to antigen presentation.    
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Regression of Advanced Stage Oncogene-induced Tumors Mediated by  
Interferon-γ Producing CD8+ T cells (TCD8) Specific for a Single  

Immunodominant Epitope 
 

Angela M. Tatum, Lawrence M. Mylin, M. Judith Tevethia, Satvir S. Tevethia and  
Todd D. Schell 

Penn State University College of Medicine, Hershey, PA 
 
 
 Immune-mediated control of established tumors is rarely achieved and the mechanisms 
leading to success remain to be fully elucidated.  We have developed a model in which the re-
gression of advanced-stage choroid plexus tumors within the brain is induced following adop-
tive transfer of naïve normal lymphocytes into sublethally irradiated line SV11 mice that ex-
press the SV40 T antigen oncoprotein (Tag).  Tumor regression is associated with the priming 
of CD8+ T cells (TCD8) against the immunodominant H-2Kb-restricted epitope IV (residues 
404-411) of Tag, without the need for immunization, and a significant extension of the lifespan.  
The goal of the present study is to examine whether epitope IV specific TCD8 cells alone are ca-
pable of controlling tumor progression in SV11 mice. We demonstrate that epitope IV-specific 
TCD8 are necessary and sufficient to induce the regression of established tumors in SV11 mice 
using adoptive transfer of lymphocytes from donors that are either devoid of epitope IV-specific 
precursors or express a T cell receptor transgene specific for epitope IV, respectively.  Long-
term control of tumor progression was associated with high-level persistence of functional epi-
tope IV-specific TCD8 in the brains of SV11 mice.  In addition, we demonstrate that effective 
control of tumor progression requires conditioning of the host with a sublethal dose of γ-
irradiation even in the presence a large number of monoclonal epitope IV-specific TCD8, and 
requires that the donor cells be capable of interferon-γ production.  This model provides a sys-
tem to assess the requirements for successful TCD8-mediated control of established tumors. 
 Supported by CA25000 from the National Cancer Institute/NIH and American Cancer 
Society RSG 04-059-01-LIB. 
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Thermal Regulation of Macrophage Functions During the  
Inflammatory Response 

 
Chen-Ting Lee and Elizabeth A. Repasky, Ph.D 

Department of Immunology, Roswell Park Cancer Institute, Buffalo, NY 
 
 
 The acute inflammatory response after infection is characterized by vasodilation, in-
creased vascular permeability, recruitment of immune cells and fever. However, the benefit of 
fever is poorly understood. Several lines of evidence show that the physiological increase in 
temperature following infection or LPS-induced acute inflammation is mediated by elevation of 
proinflammatory cytokines such as tumor necrosis factor (TNF-α), interleukin-6 (IL-6) and 
interleukin-1β (IL-1β). Macrophages that have been stimulated by infectious agents release 
these cytokines locally. The normal inflammatory response is self-limiting and resolves after 
the infection has been controlled through the release of anti-inflammatory cytokines or clear-
ance of immune cells. Dysregulation of the inflammatory mediators can lead to chronic inflam-
mation and neoplastic transformation. Our lab has demonstrated that hyperthermia-treated peri-
toneal macrophages activated by thioglycollate consistently produce lower levels of TNF-α, IL-
1β and IL-6 after IFN-γ and LPS stimulation compared to 37 ºC. These results suggest fever-
range thermal stress can serves as a negative regulator of cytokine production in the resolution 
of inflammation. One possibility is that heat shock proteins generated in hyperthermia-treated 
cells may block the translocation of NF-κB into nucleus and then inhibit cytokine gene expres-
sion. To test the molecular characterization of this thermal regulation, we are using Western 
blotting and immunofluorescence staining to measure expression levels of NF-κB in thioglycol-
late-elicited peritoneal macrophages treated with mild thermal stress compared to normothermic 
cells. NF-kB is located in the cytoplasm before LPS/IFN-g stimulation. At 37°C, NF-kB trans-
locates into the nucleus after 10 min LPS/IFN-γ stimulation. However, fever-range thermal 
stress significantly slows the rate of NF-kB translocation into the nucleus after LPS/IFN-g 
stimulation. In conclusion, exposure of LPS-activated macrophages to fever-range thermal 
stress suppresses their pro-inflammatory cytokine production through slowing NF-kB transloca-
tion into nucleus. These data may signify a novel role for thermal stress to down-regulate an 
ongoing inflammatory response and help us to understand the regulatory effects of mild thermal 
stress in acute inflammatory response. 
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Go with the Flow: Dynabeads get you Sorted 
 

Kelly Lundsten, Ph.D. 
Field Application Scientist 

Invitrogen Corporation 
 

 
 There are many challenges researchers face in primary cell isolation such as purity, re-
covery and vitality of the isolated cells.  Dynabeads (r) offer a rapid and simplified way to iso-
late primary cells.  Dynabeads can deliver a consistently high yield of pure cell population and 
allow for a proprietary way of expansion of T reg or T cell clones without the need of any 
feeder layers.  
 Also discussed will be ways to utilize the Dynabead technology to isolate native protein-
DNA complexes.  Join us to learn how to get the most out of your cells for downstream experi-
ments. 
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Indispensable Role of IL-6–Activated STAT3/1 in Promoting ICAM-1-
Dependent Lymphocyte Trafficking During Fever-Range Thermal Stress 

 
Trupti Vardam, Qing Chen, Wan-Chao Wang, Stefan Rose-John, Matthias Ernst, Heinz 

Baumann, and Sharon S. Evans 
Roswell Park Cancer Institute, Buffalo, NY 

 
 

Fever confers a survival benefit in vertebrate species although it remains the least under-
stood component of the acute phase inflammatory response. We have identified a novel lym-
phocyte–endothelial–interleukin-6 (IL-6) axis that enhances immune surveillance during fever-
range thermal stress by promoting lymphocyte trafficking across specialized high endothelial 
venules (HEVs) of secondary lymphoid organs. A major target for IL-6 during febrile condi-
tions is the vascular gatekeeper molecule, intercellular adhesion molecule-1 (ICAM-1) that sup-
ports firm arrest of lymphocytes on vessel walls and transendothelial migration. ICAM-1 induc-
tion by thermal stress is mediated by a trans-signaling mechanism in which membrane-
anchored gp130 is dually engaged by IL-6 and a soluble form of the IL-6-binding receptor α 
subunit (sIL-6Rα). These findings raise questions about the role of canonical IL-6 downstream 
signaling pathways activated by the gp130 signal transducing receptor during thermal induction 
of ICAM-1 in HEVs. The present study employed a genetic approach to assess the role of IL-6 
downstream signaling pathways (STAT3/1, ERK1-2) in augmenting ICAM-1 expression on 
HEV during thermal stress. These experiments utilized gp130∆STAT mice in which mutation 
(Y→F substitution) at residue 765 and deletion (∆769→917) prevents STAT3/1 binding and 
activation at the four requisite tyrosine docking sites in the gp130 cytoplasmic domain. 
Gp130757F mice are deficient in SHP2 binding and subsequent recruitment of the Ras-Raf-
MEK-ERK pathway due to a tyrosine to phenylalanine (Y→F) substitution at residue 757. Evi-
dence that HEVs in both gp130757F and gp130ΔSTAT mice are normal with respect to the cuboidal 
morphology and expression of the HEV-specific adhesion molecule, PNAd suggests that gp130 
signaling is not required for differentiation of these vascular structures. HEVs from gp130-
mutant mice were fully competent for ICAM-1 induction through a gp130-independent pathway 
using TNF indicating that the ICAM-1 synthetic machinery is intact. Strong ICAM-1 induction 
was observed in gp130757F mice following fever-range thermal stress, suggesting that the MEK-
ERK pathway is dispensable for ICAM-1 upregulation in HEV by IL-6. In contrast, fever-range 
temperatures failed to augment intravascular ICAM-1 density in gp130ΔSTAT mice.  Results 
demonstrating a non-redundant role for STAT3/1 activation for thermal upregulation of ICAM-
1 on HEV are consistent with a model in which thermal regulation of ICAM-1 in HEVs by IL-6 
is mediated by STAT3/1-dependent induction of icam-1 gene transcription in high endothelial 
cells. These studies provide insight into the signal transduction pathways regulating lymphocyte 
trafficking during inflammation as well as in pathological disorders such as autoimmune dis-
ease and cancer (Supported by CA79765, CA094045). 
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Interferon-γ Signaling Dependent Differential Processing and Presentation of 
Francisella tularensis Antigens  

 
Bhuvana Katkere, Justin E. Wilson and James R. Drake 

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

 
 

Generally, intracellular pathogens evade immune responses by trafficking within the 
endocytic pathway. Francisella tularensis, an intracellular pathogen known to survive and rep-
licate within the cytoplasm of the macrophages after escape from the phagosome. However in 
interferon-γ (IFNγ) activated macrophages, F. tularensis containing phagosomes fuse to the ly-
sosomes and follows the endosomal-lysosomal degradation pathway. IFNγ, a cytokine pro-
duced by CD4+ and CD8+ T lymphocytes, NK cells, and NK T cells, induces antimicrobial 
mechanisms as well as up-regulates antigen presentation in the macrophages. Previously we 
have reported that F. tularensis-infected macrophages produce Prostaglandin E2 (PGE2) that 
blocks T cell proliferation by skewing the host T cell response towards a Th2-like cytokine pro-
file. We have observed a similar cytokine profile when non IFN-γ activated macrophages pre-
sent antigen to the T cells in the absence of PGE2, implying that IFN-γ-induced changes in anti-
gen processing and presentation pathway have the potential to skew the cytokine profile. It is 
yet unclear whether F. tularensis and IFN-γ influence the antigen processing to alter the host T 
cell response. We hypothesize that interferon-g signaling results in differential processing and 
presentation of F. tularensis antigens. Initial experiments were carried out to determine whether 
IFN-γ affects the uptake of antigens by macrophages.  The results indicate that IFN-γ stimula-
tion of macrophages fails to alter the kinetics of fluid-phase uptake of antigens HRP and FITC-
Dextran. Interestingly, supernatant from F. tularensis infected macrophages contain one or 
more soluble factors, which suppresses fluid-phase uptake of HRP. Moreover, IFN-γ stimula-
tion failed to overcome this suppression.  We propose to define the effect of IFN-γ stimulation 
on receptor-mediated uptake of antigen (phagocytosis) in addition to antigen processing and 
presentation.  These studies will yield a better understanding of the molecular mechanism of 
regulation of antigen processing in macrophages by IFN-γ signaling. 
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  Mild Thermal Stress Alters the Requirements for Costimulation in  
T lymphocytes and Results in Lipid Raft Re-organization 

 
Thomas Mace, Melissa Grimm, Lingwen Zhong, Ph.D., Chen-Ting Lee, Min Yuan, M.S., and 

Elizabeth Repasky, Ph.D. 
Department of Immunology, Roswell Park Cancer Institute, Buffalo, NY 

 
 

Resting T lymphocytes require a primary signal mediated by CD3 recognition and binding of 
MHC-antigen peptide complexes on antigen presenting cells (APC), and a secondary stimulus 
which is mediated by engagement of a costimulatory molecule, such as CD28. Inappropriate 
proliferation and differentiation of naïve T cells into effector T cells is guarded against by this 
need for two signaling events.  During inflammation and fever, temperatures can reach as high 
as 39-40°C and T lymphocytes would be expected to function at these higher temperatures.   
We hypothesize that fever-range thermal stress functions as a costimulator, helping to lower the 
threshold of activation of T cells; further, we hypothesize that these thermal effects are medi-
ated by heat-induced aggregation of lipid rafts and increased recruitment of signaling molecules 
to lipid rafts prior to engagement of antigen-receptor driven activation signals.  These hypothe-
ses are supported by the following experiments:  Primary T cells from human PMBCs or mouse 
splenocytes were heated at 37° or 39.5°C for 6 hours and activated with anti-CD3 and/or anti-
CD28 antibodies for 24 hours and then assessed for T cell activation by secretion of IL-2 and 
IFN-γ.  After heating, cells were also stained with CTxB (to detect GM1 in lipid rafts) and ana-
lyzed by fluorescence microscopy.  In vivo experiments were also completed, in which 
C57BL/6 mice were administered fever-range whole body hyperthermia (WBH) for 6 hours and 
single cell suspensions were made from spleens and lymph nodes, stained with CTxB and 
CD4/8 antibodies and analyzed by the Imagestream flow cytometer. The results of these experi-
ments demonstrate that significantly more T cells could produce IL-2 and IFN-γ without treat-
ment with anti-CD28 antibodies supporting the idea that mild thermal stress can function in 
costimulation.  We also observed that mild thermal stress resulted in a significant increase in 
the number of T cells with increased lipid raft aggregation compared to those maintained at 
37ºC.  The increased aggregation is not due to a change in GM1 expression, as mild thermal 
stress caused no change in overall GM1 surface levels on T cells.  Preliminary results show that 
heating mice by WBH results in an increase of T cells with lipid raft aggregation.  Our findings 
suggest that mild, physiologically relevant thermal stress can reduce the requirement for CD28-
mediated costimulation in T cells and that this effect could be due to heat-triggered recruitment 
of important signaling molecules to lipid raft fractions.      
 
Supported by NIH P01 CA94045 and ROI CA71599  
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Inorganic Mercury Alters CD95-dependent Threshold Signaling in T cells 
 

Michael D. Laiosa, Peter Lakatos, and Michael J. McCabe 
Department of Environmental Medicine, University of Rochester, Rochester, NY 

 
 
 The heavy metal mercury (Hg) is known to have immunomodulatory properties affect-
ing lymphocyte signal transduction, death receptor signaling and autoimmunity. Previously it 
has been demonstrated that sub-threshold levels of anti-CD95 stimulation result in survival sig-
naling rather than cell death as demonstrated by phosphorylation of ERK1/2, activation of NF-
kb, and inhibition of procaspase 8 processing (JBC 282:13644).  We have previously shown 
that low levels of inorganic mercury attenuate procaspase 8 processing following CD95 stimu-
lation in human T-cells by disruption of DISC complex formation (TAP 190:146).  Given these 
data, we tested the hypothesis that Hg exposure alters the threshold of activation through the 
CD95 receptor in human T-cells.  To test this hypothesis, Jurkat T-cells were stimulated in the 
presence or absence of 5 micromolar  HgCl2 with various concentrations of mouse anti-
huCD95.  Caspase 8 activity and phosphorylation of ERK1/2 were measured by flow cytome-
try.   Using a fluorogenic assay for measuring caspase 8 activity, we determined that the thresh-
old for caspase 8 activation in Hg-exposed T-cells was increased by nearly 100 fold.  Specifi-
cally, the amount of caspase 8 activity following 2.5 ng/ml anti-CD95 in control T-cells was 
equivalent to the amount of caspase 8 activity following 250 ng/ml anti-CD95 in Hg-treated T-
cells.  In comparison, ERK1/2 phosphorylation which is thought to be indicative of survival sig-
nals following threshold levels of CD95 stimulation was significantly elevated in Hg-exposed T 
cells following CD95 stimulation.  Moreover, pERK was detectable in Hg-exposed T cells us-
ing higher levels of anti-CD95 antibody.  Taken together, these data support the hypothesis that 
inorganic mercury alters the threshold of CD95 signaling in T cells effectively shifting the bal-
ance from death to life.  These data could have profound implications for establishment of self 
tolerance and autoimmunity, particularly in exposed individuals possessing the appropriate ge-
netic risk factors for Hg sensitivity and/or autoimmunity. 
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Fever-Range Thermal Stress Improves the Rate of Granulocyte Recovery 
and G-CSF Production Following non-Myeloablative Total Body Irradiation 

 
Maegan Capitano*, Thomas Mace*, Philip McCarthy, and Elizabeth Repasky 

Roswell Park Cancer Institute, Buffalo, NY 14263 
 
 

High doses of chemo- and radiation therapy utilized in conventional conditioning regi-
mens for the treatment of cancer patients with bone marrow transplantation (BMT) can result in 
severe regimen-related toxicities (RRT).  Less intensive conditioning regimens are being tested 
that retain the desirable effects of standard high-dose conditioning regimens but with lower 
transplant-related morbidity.  The conditioning regimen of non-myeloablative BMT does not 
result in disease clearance.  Therefore, it relies on the ability of the transplanted immune cells to 
mount an anti-tumor response.  We have evaluated the role of physiologically relevant shifts in 
body temperature on recipient leukocyte compartmentalization following radiation with the 
hope of enhancing immune system reconstitution and anti-tumor activity.  We hypothesize that 
treating mice with mild (fever-range) whole body hyperthermia (WBH) following a non-
myeloablative dose of TBI enhances immune reconstitution through a thermally sensitive, cyto-
kine driven bone marrow release of granulocytes to the peripheral blood.  This hypothesis was 
generated from the following observations: C57BL/6 mice were given a non-myeloablative 
dose (3Gy) of total body irradiation (TBI) followed 2 hours later by a 6 hour thermal treatment 
(core temperature was maintained at 39.5°C).  Blood was collected one week prior to, immedi-
ately following and at weekly intervals after TBI.  Total blood leukocytes were stained for B 
cells (B220+), T cells (CD3+), NK cells (NK1.1+), and granulocytes (GR-1) and analyzed by 
flow cytometry.  Percent cell population recovery was then calculated.  Serum concentrations of 
G-CSF, GM-CSF, and MIP-2 were measured by ELISA. In mice treated with WBH following 
TBI, a significant increase in recovery of peripheral blood granulocytes was observed by day 8 
compared to mice that received radiation alone or WBH alone.  In addition, G-CSF concentra-
tion was increased two fold in the serum of radiated/heated mice correlating with the increased 
granulocyte recovery.  These data reveal a previously unexplored role of body temperature in 
regulation of marrow output following stress.  Current work is exploring the molecular regula-
tion of cytokine expression and its contribution to thermally regulated immune cell reconstitu-
tion in peripheral blood after a non-myeloablative dose of TBI.  
 
* These authors contributed equally to this work. 
Supported by NIH P01 CA94075 and R01 CA71599 
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Phosphorylation-state Analysis in Single Cells: Techniques and  
Clinical Applications 

 
Robert S. Balderas 

Vice President of Research and Development 
BD Biosciences 

 
 
 Intracellular evaluation of signaling systems has been limited by an inability to correlate 
active protein states to functional subsets of cells within the native context of the cell. Multi-
dimensional flow-cytometric analysis of these active protein states via phospho-epitope recog-
nition, in combination with surface marker staining and other detectable parameters (ie, intra-
cellular cytokines, apoptotic changes), can provide functional assessment at a single cell level 
that may have utility in clinical diagnostics and/or disease progression monitoring. This presen-
tation will also focus on the validation and development of antibodies to post-translational epi-
topes and their utility in various intracellular model systems.  Furthermore, the ability to profile 
both activating and inhibiting conditions of multiple protein states simultaneously within the 
cell in a rapid and parallel manner may be extended to screening of normal and disease cell 
populations." 
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Ikaros Expression by B-1 cells Questions its Guide Role in the  
Lymphoid Commitment 

 
Ana Flavia Popi, Sergio Schenkman and Mario Mariano 

Discipline of Immunology, Department of Microbiology, Immunology and Parasitology  
of Universidade Federal de São Paulo –São Paulo - Brazil 

 
 
 The hematopoietic system in mammals is continuously regenerated by a rare population 
of self-renewing, multipotent stem cells resident within the adult bone marrow. Transcription 
factors regulate gene expression by inducing activation of lineage specific genes or, silencing 
the unspecific ones, driving in this way the commitment of cell with a definite lineage. In the 
hierarchal model, the hemapoietic stem cells branch early in myeloid and lymphoid progenitors.  
 Considering the current knowledge of the phylogeny and ontogeny of B cells, it is diffi-
cult to conceive how and why B-1 cells emerged during evolution to become a member of the 
constellation of cell lineages which compose the hematopoietic system in vertebrates. Plytycz 
put forward the hypothesis that B-1 cells are “living fossils” suggesting that they are primordial 
cells in the phylogenesis of the hematopoietic system. If so, this ambiguous lineage commit-
ment of B-1 cells corroborates to the theory of layered evolution of immune system suggested 
by Herzenberg, in which B-1 cells represent the early evolutionary layer, since they arrive earli-
est in ontogeny and display many of the characteristics of primitive B cells.  
 Herein, we show that B-1 cells spontaneously express both myeloid and lymphoid re-
stricted transcription factors. They can differentiate in phagocytes losing lymphoid genes ex-
pression and retaining a network of transcription factors related to myeloid lineage. The promis-
cuous expression of myeloid and lymphoid transcription factor networks in a differentiated cell 
challenges the on/off paradigm of hematopoietic cell differentiation. Taking this investigation 
further, we demonstrate that despite their promiscuity, B-1 cells express Ikaros, a DNA-binding 
protein central in lymphoid cell commitment. These results question the proposed role of Ikaros 
in guiding the commitment of hematopoietic cells to lymphoid fate.  
 
 Supported by FAPESP (n° 04/14837-0) 
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Adaptive Immunity to Botulinum Neurotoxin after a Single Dose Vaccination 
with an Adenovirus-Vectored Vaccine 

 
Qingfu Xu, Michael E. Pichichero and Mingtao Zeng 

Department of Microbiology and Immunology, University of Rochester School of Medicine 
and Dentistry, Box 672, 601 Elmwood Avenue, Rochester, New York 14642   

 
 

Botulinum neurotoxins cause botulism, a neuroparalytic disease in humans and animals. 
Currently, a pentavalent botulinum toxoid vaccine that may protect against BoNT serotypes A-
E is available as an Investigational New Drug (IND). However, it is uncertain if this vaccine 
will be licensed for use in the USA by the US Food and Drug Administration, since the efficacy 
of this IND vaccine has not been demonstrated.  

We have constructed a replication-defective adenoviral vector encoding a synthesized 
codon-optimized gene for expression of the heavy chain C-fragment (HC50) of botulinum neu-
rotoxin type C (BoNT/C). This recombinant human serotype 5 adenoviral vector (Ad5) was 
evaluated as a genetic vaccine candidate against botulism caused by BoNT/C in a mouse model. 
A one-time intramuscular injection with 105 to 2 × 107 plaque forming units (pfu) of adenoviral 
vectors elicited robust serum antibody responses against HC50 of BoNT/C as assessed by 
ELISA. Immune sera showed high potency in neutralizing the active BoNT/C in vitro. After a 
single dose of 2 × 107 pfu adenoviral vectors, the animals were completely protected against 
intraperitoneal challenge with 100 × MLD50 of active BoNT/C. The protective immunity ap-
peared to be vaccine dose-dependent. The anti-toxin protective immunity could last for at least 
7 months without a booster injection. In addition, we observed that pre-existing immunity to the 
wild type Ad5 in the host had no significant influence on the protective efficacy of vaccination. 
The data suggest that an adenovirus-vectored genetic vaccine is a highly efficient prophylaxis 
candidate against botulism. 
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Secondary Effectors Generated from Memory CD4 T cells are Functionally 
Superior to Primary Effectors Generated from Naïve CD4 T cells 

 
K. Kai McKinstry, Tara Strutt, Amanda Buck, John Dibble, Gail Huston, 

and Susan L. Swain 
Trudeau Institute, 154 Algonquin Ave., Saranac Lake, NY 

 
 

Several studies have characterized important properties of naïve, effector, and memory 
CD4 T cells as well as directly compared the functional responses of these subsets.  However, 
much less is known about qualitative differences that might distinguish primary effectors, gen-
erated after activation and extensive division of naïve CD4 T cells, and secondary effectors, 
generated similarly from resting memory CD4 T cells.  Here we compare primary and secon-
dary CD4 T cell effector responses in vivo during influenza infection by utilizing T cell receptor 
transgenic naïve and memory CD4 T cell precursors.  We show that primary and secondary ef-
fectors migrate to the infected lung with similar kinetics after influenza infection, but that sec-
ondary effectors accumulate in much greater numbers.  Secondary CD4 T cell effectors possess 
unique multifunctional attributes including greater per-cell production of multiple cytokines and 
the production of a wider array of cytokines at the population level as compared to primary ef-
fectors.  Finally, when naïve mice are challenged with a high dose of influenza, the transfer of 
memory CD4 T cells (precursors to secondary effectors) is able to protect against morbidity via 
several distinct mechanisms while the transfer of an equal number of naïve CD4 T cells cannot.  
We thus propose that in addition to factors such as an increased precursor frequency of antigen-
specific B and T cells, and an increased sensitivity to T cell receptor-mediated signaling as well 
as a decreased requirement for co-stimulation of memory T cells, the superior functional capa-
bilities of effector CD4 T cells arising from resting memory precursors also plays an important 
role in protective secondary responses.  
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Pyrin Only Protein-2 (POP2) Modulates NF-kappa B and Inflammasome 
Function Through Distinct Functional Domains 

 
Maninjay Atianand, Matthew Haller and Jonathan Harton 
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 Proteins of the CATERPILLER family (also known as NODs, NALPs or NLRs) are in-
volved in inflammation, innate immunity and cell apoptosis through homotypic protein-protein 
interactions involving Pyrin (PYD) and CARD domains. Inflammatory responses occur largely 
through activation of NF-κB-dependent cytokine transcription and the formation of the IL-1β 
converting inflammasome complex.  Inflammasome assembly requires the PYD-dependent in-
teractions between an NLR and ASC with subsequent recruitment of the IL-1 β converting 
enzyme Caspase-1.  Proteins containing only a PYD can act as modulator of NF-κB activity and 
inflammasome functions. The pyrin only protein-2 (POP2) is a 97 amino acid protein that inhib-
its p65-induced NF-κB activity.  POP2 also blocks inflammasome formation by disrupting the 
interaction between ASC and the PYD domain of various NLRs.  However, the molecular re-
quirements for POP2 mediated inhibition of NFkB and inflammasome assembly is unknown.  
Based on the structure of other PYDs, POP2 is a six α-helical bundle.  We demonstrate that 
helix-1 of POP2 is sufficient for inhibition of NF-κB activity. While all POP2 deletion con-
structs retain the ability to inhibit NF-κB, deletion of helix 6 partially reduced NF-κB inhibi-
tion. This suggests that helix 6 contributes to POP2’s NFkB inhibitory function, too. Together, 
these initial data suggest that the functional domain of POP2 required for regulation of NFκB 
activity is contained within helix 1 and helix 6. This finding will be confirmed by generation of 
a chimeric POP1-POP2 construct where POP2 helix 2-5 are substituted with the corresponding 
portion of  POP1 and testing this construct for its ability to inhibit NF-κB / p65 activity.  We 
propose a model for the two functions of POP2. The putative N-terminal helix 1 and C-terminal 
helix 6 of POP2 are in close proximity forming a functional domain sufficient to suppress p65 / 
NF-κB activation although the mechanism by which inhibition occurs is unknown.  Based on 
the Pyrin PYD crystal structure and mutation analysis, helix 2-3 forms a stable core required for 
interactions with another PYD.  Interaction of POP2 with ASC or the NLRs is likely responsi-
ble for disrupting inflammasome formation.  
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Heterosubtypic T cell Immunity induced by Cold-adapted Influenza A Virus 
A/Alaska Attenuates Inflammatory Cell Influx to the Lung and Protects 

Against Lethal Challenge  
 

Tara Strutt, Timothy Powell, Joyce Reome, Richard Dutton and Susan Swain 
Trudeau Institute, 154 Algonquin Avenue, Saranac Lake, NY 12983 

 
 

Traditional vaccines rely on the use of killed viruses that stimulate protective antibody 
responses against the external virus proteins hemagglutinin (HA) and neuraminidase (NA).  
These external proteins are under significant immunological pressure that in conjunction with 
the absence of a viral RNA proofreading mechanism results in antigenic drift amongst circulat-
ing isolates, creating a challenge for the generation of each year’s new vaccine formulation.  
The internal virus proteins, which include the nucleoprotein (NP), acidic polymerase (PA), and 
basic polymerase 1 (PB-1), while still under immunological pressure, are more highly con-
served than the HA and NA proteins, 80-85% vs. 31-34% amino acid conservation respectively. 
The cold-adapted (CA) attenuated influenza A virus A/Alaska (H3N2) is limited in its infection 
to the nasal passages and upper respiratory tract and causes a mild infection, but induces NP-
specific CD4+ T cell, and NP, PA and PB-1-specific CD8+ T cell immunity as assessed by the 
generation of IL-2 and INF-γ secreting cells, in addition to tetramer binding cells. When suffi-
ciently primed with cold-adapted A/Alaska, the heterosubtypic immunity induced can protect 
mice from a lethal challenge with a different virulent stain of influenza virus, A/PR8 (H1N1). 
Heterosubtypic T cell protection remains evident for up to 70 days.  The duration and magni-
tude of inflammatory cell infiltration induced upon lethal influenza challenge is reduced in CA 
primed mice and attenuation of influx inversely correlates with the recruitment of NP-specific 
memory CD8 T cells to the lung.  However, blockade of inflammatory cell migration to the 
lung in unprimed mice fails to overcome susceptibility to lethal infection. These observations 
support an essential role of primed T cells in providing heterosubtypic immunity and stress the 
need for timely immune responses to provide protection against lethal influenza challenge.  
Cold-adapted influenza viruses by inducing and/or boosting efficient T cell immunity therefore 
have the potential to induce universal protective immunity against a broad array of influenza 
stains and should be considered in vaccination strategies to prevent a pandemic influenza A out-
break.  
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The Simian Virus 40 Large Tumor Antigen and Immunity: A Model System 
for Multiple Undergraduate Laboratory Courses and Research Projects 

 
Lawrence M. Mylin 
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 The Simian Virus 40 large tumor antigen (SV40 T ag) has been used as a training 
tool/model for undergraduate students in Immunology, Cell Biology, Molecular Biology and 
Biochemistry courses, and in research projects.  The 708 residue T ag oncoprotein immortalizes 
primary cells in culture and/or induces tumors in vivo by interfering with cell cycle regulators 
such as p53 or RB.  The SV40 T ag contains four distinct H-2b-restricted epitopes that have 
been precisely mapped within the T ag and are individually recognized by one or more estab-
lished cytotoxic T lymphocyte (CTL) clones or transgenic CTL.  CD8+ responses to epitopes 
within the T ag have been shown to control the growth of T ag-induced tumors in transgenic 
models.   
 The structures and immunological characteristics of the four epitopes have been used in the 
Immunology course to illustrate MHC class I-restricted recognition of infected/altered host 
cells, and the induction and detection of CTL specific for known epitopes.  Ongoing studies of-
ten require new derivatives of the T ag in which one or more of the CTL epitopes have been 
altered by site directed mutagenesis.  Multiple T ag derivatives have been produced in by stu-
dents in the Molecular Biology course.  Because SV40 T ag immortalized murine cells are eas-
ily maintained in culture, they have been used to train Cell Biology students in fundamental as-
pects of mammalian tissue culture, and have been used for a variety of fluorescence microscopy 
investigations (e.g. staining for nuclear SV40 T ag protein in fixed cells and/or detection of 
fluorescent protein derivatives in living cells following transfection).  T ag-specific monoclonal 
antibodies have been used to detect an epitope-tagged derivative of the yeast GAL4 protein in 
extracts by western blotting in the Biochemistry course laboratory.    
 Senior research projects have focused on both the immunogenicity of the multiple T ag CTL 
epitopes as well as the utility of these epitopes in tumor control by cellular immunity.  Of spe-
cial interest are factors that regulate the immunogenicity of the individual T ag epitopes, and 
how the epitopes can be altered by naturally occurring mutations to allow SV40 T ag expressing 
tumors to escape from CTL-mediated destruction.  Research projects that investigate mutational 
escape from SV40 T ag-specific CTL clones by selection of mutants in vitro followed by mo-
lecular analysis of the mutated epitope sequences have provided undergraduate students with 
training in mammalian cell culture and molecular techniques. 
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ESAT-6-specific CD4 T cell Responses to Aerosol M. tuberculosis Infection 
are Initiated in the Mediastinal Lymph Nodes 
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 Effector CD4 T cell responses generated during aerosol Mycobacterium tuberculosis 
(Mtb) infection have been detected in the mouse only 2 to 3 weeks post-infection. This apparent 
delay in the adaptive response is likely critical for the establishment of persistent infection. Due 
to the limitations associated with the detection of low-frequency naive CD4 T cell responses it 
has not been possible to precisely determine when and where naive antigen-specific T cells are 
first activated. We have addressed this problem by using early secreted antigenic target 6 
(ESAT-6)-specific transgenic CD4 T cells to monitor these early activation events. We show 
that naive T cell are primed in the mediastinal lymph nodes earlier than detected in previous 
studies, beginning on day 10 post-infection, and thereafter rapidly acquire effector functions. 
The timing of early T cell priming was dependent on the inoculum dose, suggesting that antigen 
availability limits early adaptive responses. These data identify a key event during the develop-
ment of protective immunity. 
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O-Antigen Protects B. parapertussis from Complement 
 

Elizabeth M. Goebel, Daniel Wolfe, Kelly Elder, Scott Stibitz, Eric T. Harvill 
Department of Veterinary and Biomedical Sciences, Pennsylvania State University,  

115 Henning Building, University Park, PA 16802 
 
 

Bordetella parapertussis and B. pertussis, two closely related human pathogens which 
cause whooping cough, differ significantly in the structure of their lipopolysaccharide (LPS) 
molecules in that only B. parapertussis expresses an O-antigen.  These pathogens evolved from 
a common progenitor which likely expressed an O-antigen, suggesting that this virulence factor 
was lost by B. pertussis upon its adaptation to humans and it is not essential to the infection 
process.   Interestingly, B. parapertussis has maintained the O-antigen, thus, we sought to deter-
mine the role of O-antigen during B. parapertussis infection.  Using a murine model of infec-
tion, we determined that O-antigen contributes to the ability of B. parapertussis to colonize 
wild type mice during the first week of infection. Interestingly, an O-antigen deficient strain of 
B. parapertussis was not defective in colonizing mice chemically depleted of complement or 
deficient in Complement component C3.  B. parapertussis lacking O-antigen was more suscep-
tible to C3 deposition than wild type bacteria, and was only able to systemically spread in 
RAG1-/- mice after the depletion of complement.  These data indicate that while O-antigen is 
not necessary for the bordetellae to infect humans, B. parapertussis maintains an O-antigen to 
avoid complement mediated control and clearance.   
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Modulation of the Immune Response is Skin Deep  
 

Margaret S. Bynoe 
Cornell University, Veterinary Medical College,  

Department of Microbiology and Immunology, Ithaca, NY 14853 
 
 

 Epicutaneous (skin) immunization with pure protein antigen in a patch can generate a 
strong T helper (Th)2 immune response in mice. We reasoned that the gradual but continuous 
delivery of self- (protein) antigen from a patch through the skin could interfere with the devel-
opment of experimental autoimmune encephalomyelitis (EAE) where Th1 cells play a central 
role. EAE is the experimental model for multiple sclerosis (MS), in which the pro-inflammatory 
attack on the CNS by CD4 Th1 cells results in demyelination and paralysis. We investigated the 
regulation of myelin oligodendrocyte glycoprotein (MOG)-induced EAE, in the C57BL/6 
mouse. We previously found that when we epicutaneously immunize mice with autoantigen in a 
patch prior to induction of disease with the same autoantigen that the development of EAE is 
inhibited. One of the challenges of designing treatment against MS is that there is no test to de-
termine if an individual will develop MS until they already show symptoms. Therefore, treat-
ment must be geared towards halting the disease process and preventing spontaneous relapses 
from occurring. We asked whether epicutaneous immunization administered after disease onset 
could ameliorate ongoing disease and prevent the recurrence of spontaneous relapses. We found 
that when we applied the skin patch loaded with the pure autoantigen, MOG, early in the dis-
ease process, that is, in mice with mild disease, that disease is ameliorated and these mice did 
not relapse. When we applied epicutaneous immunization later in the disease process, that is, in 
mice with severe disease, we were unable to abort the disease process. Our finding that we can 
ameliorate ongoing disease, albeit, only early in the disease process have significant therapeutic 
potential for the treatment of MS and warrants further pursuit.  
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CD28 - Old Dog, New Tricks 
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 Although interactions with bone marrow stromal cells are essential for multiple mye-
loma (MM) cell survival, the specific molecular and cellular elements involved are largely un-
known due to the complexity of the bone marrow microenvironment. The CD28 receptor, 
which costimulates survival signals in T cells, is also expressed on normal plasma cells and 
myeloma cells. In MM, CD28 expression correlates significantly with disease progression, also 
suggesting a pro-survival function. In contrast to T cells however, activation and function of 
CD28 in myeloma and plasma cells is almost entirely undefined. We found that direct activa-
tion of myeloma cell CD28 by anti-CD28 mAb alone induced activation of NFkappaB, sup-
pressed MM cell proliferation and protected against serum starvation and dexamethasone-
induced cell death. We hypothesized that the specific CD80/CD86 expressing stromal cell part-
ner of this interaction is a professional antigen presenting cells, in particular dendritic cells. His-
tological studies demonstrated DC were extensively interdigitated throughout the myeloma in-
filtrates in patient bone marrow biopsies. In vitro coculture with DC also elicited CD28-
mediated effects on MM survival and proliferation, and could be blocked by CD28Ig. Our find-
ings suggest a novel  myeloma:DC cell-cell interaction involving CD28 that may play an im-
portant role in myeloma cell survival within the bone marrow stroma. These data also suggest 
that CD28 may represent a therapeutic target in the treatment of multiple myeloma. 
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SHP-1 Deficiency and Increased Cytokine Signaling in Multiple  
Sclerosis Patients 
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 The protein tyrosine phosphatase SHP-1 is a negative regulator of proinflammatory cy-
tokine signaling both in the immune and central nervous systems (CNS). We have shown that 
mice lacking SHP-1 display pronounced virus-induced demyelinating disease in the CNS. To 
explore the possible relationship between SHP-1 and demyelinating disease in humans, we 
compared expression of SHP-1 in peripheral blood mononuclear cells (PBMCs) of normal and 
multiple sclerosis (MS) subjects. Constitutive levels of SHP-1 protein and mRNA were signifi-
cantly lower in MS patients compared to normal subjects. Two promoters drive the expression 
of distinct transcripts of the SHP-1 gene. Promoter II transcripts were selectively lower in 
PBMCs of MS patients compared to normal subjects. To examine any functional consequences 
of lower SHP-1 levels in MS patient PBMCs, we measured the intracellular levels of phos-
phorylated STAT6 and STAT1, known substrates for SHP-1. MS patients had significantly 
higher constitutive levels of phosphorylated STAT6 and STAT1 compared to control subjects, 
consistent with lower SHP-1 protein expression. Moreover, siRNA to SHP-1 effectively in-
creased the levels of phosphorylated STAT6 and STAT1 in PBMCs of normal subjects to levels 
equal to MS patients. Finally, multiple STAT-responsive genes were increased in PBMCs of 
MS patients relative to normal subjects. Thus, PBMCs of MS patients display a stable defi-
ciency of SHP-1 expression, affecting its activity against STATs, and ability to regulate STAT-
responsive genes that may be relevant to mechanisms of inflammatory demyelination. 
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Extrinsic Age-related Factors Affect Naïve CD4 T cell Responses 
 

Alexander C. Maue, Sheri Eaton, Paula Lanthier and Laura Haynes 
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 Age-related defects in CD4 T cell function lead to reduced expansion, IL-2 production, 
NF-kB activation and B cell helper activity.  These defects are significant as they result in re-
duced vaccine efficacy in the elderly.  To date, relatively little is known about what factors con-
tribute to these age-related defects in vivo.  By using real time-PCR (RT-PCR) and intracellular 
flow cytometry, we have identified candidate cell subsets and molecules that may contribute to 
the observed immunosuppression. Spleens of young (4 months) and aged (24 months) mice dis-
played significantly higher expression of interleukin-10 (IL-10) as determined by RT-PCR.  
Following intracellular cytokine staining, a statistically significant increase in CD4+IL-10+ cells 
(~15 fold) was observed in aged (26 months) compared to young (2 months) mice.  Aged CD4+ 
T cells exhibited significantly higher expression of CD25 (~3 fold), GITR (~5 fold) and CTLA-
4 (~4 fold) compared to young CD4+ T cells, as well as greater overall numbers of cells ex-
pressing each marker. Following intracellular staining, both intact and transgenic CD4+ T cell 
populations in aged mice displayed greater numbers of Foxp3-expressing cells compared to 
young populations.  To examine if differences in the expression of these molecules affect naïve 
CD4 T cell responses, we utilized an adoptive transfer model in which naïve transgenic CD4 T 
cells from young mice were labeled with CFSE and transferred into young or aged hosts and 
immunized with antigen.  Following activation, CD4 T cells transferred into aged hosts exhib-
ited decreased survival and expansion.  Our results demonstrate that in aged mice, several mole-
cules and cells associated with immune regulation are present in significantly higher amounts 
than in young mice and that future experiments are required to determine the effects of these 
elements on naïve CD4+ T cell and aged immune responses.   
This research was supported by NIH grants AG02160 and AG21054. 
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The Aryl Hydrocarbon Receptor as a Modulator of Neutrophil Recruitment 
and IFNγ Production During Influenza Virus Infection 
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It is becoming increasingly clear that neutrophils influence host resistance during influ-

enza virus infection. However, compared to the role played by lymphocytes, much less is 
known about the regulation of neutrophil recruitment and function during respiratory viral in-
fection. Through studies of immune modulation by the aryl hydrocarbon receptor (AhR), we 
have discovered that neutrophil recruitment to the lung during infection with influenza virus 
may be controlled in a manner quite distinct from mechanisms known to regulate neutrophil 
recruitment during bacterial infection.  

The AhR is a transcription factor that is thought to act as an environmental sensor. It was 
originally discovered as a receptor for the pollutant dioxin, but we now know that it binds a 
broad spectrum of compounds, including many pollutants, phytochemicals and tryptophan me-
tabolites. The toxicity caused by pollutants that bind AhR has been studied for many years; 
however, the physiological role of the AhR remains enigmatic. AhR activation during infection 
with influenza A virus results in twice as many neutrophils in the lung and a 4-fold increase in 
pulmonary IFNγ levels, and these changes correlate with decreased survival. Thus, we are inter-
ested in determining how AhR regulates pulmonary IFNγ levels and neutrophil recruitment to 
the lung. We have found that the majority of IFNγ+ cells in the infected lung are neutrophils and 
macrophages, not lymphocytes. Using AhR-/-ĄAhR+/+ bone marrow chimeras, we discovered 
that even when bone marrow-derived cells lack the AhR, dioxin exposure still results in in-
creased pulmonary IFNγ levels and twice as many neutrophils in the lung compared to control-
treated, infected CD45.2AhR-/-ĄCD45.1AhR+/+ chimeras. This suggests that AhR targets a 
pathway extrinsic to bone marrow-derived cells to increase IFNγ levels and enhance the number 
of neutrophils in the lung. Because excessive levels of IFNγ appear to stem from increased re-
cruitment or sequestration of neutrophils, we have sought to determine the mechanism by which 
AhR activation increases the number of neutrophils in the infected lung. Our findings indicate 
that AhR-mediated neutrophilia does not involve elevated levels of stable, soluble neutrophil 
chemoattactants, delayed neutrophil apoptosis, or increased vascular damage. Nor does AhR 
activation increase neutrophils systemically, or alter levels of CD31 (PECAM-1), CD54 
(ICAM-1), CD62 (p-selectin and e-selectin), and CD106 (VCAM-1) in the lung. Thus, the lung 
likely contains important targets of AhR regulation, which influence a novel mechanism that 
controls neutrophil recruitment during respiratory viral infection.  
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CD40: The Bridge between CD4+ T Cells and the CNS in Neuropathic Pain 
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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.  Despite there being 
numerous studies delineating the role of neuroimmue responses in neuropathic pain, the role of 
adaptive immunity in neuropathic pain is yet an under-studied area.  We have previously ob-
served the association of behavioral hypersensitivity and peripheral leukocyte, including T lym-
phocyte, infiltration into the lumbar spinal cord in a rodent L5 spinal nerve transection (L5Tx) 
neuropathic pain model.  In the current study, we investigated the role of peripheral and central 
nervous system (CNS) T lymphocyte populations and the CD40-CD154 pathway in the etiology 
of persistent pain in the L5Tx model.  First, athymic nude BALB/c mice developed signifi-
cantly less sensitivity after L5Tx than wild type controls (a level comparable to wild type 
BALB/c mice after sham surgery) indicating a critical role for T lymphocytes in the develop-
ment of mechanical allodynia.  In a time course analysis by FACS, significant leukocyte infil-
tration (CD45hi) was observed in the lumbar spinal cord region at day 7 post-L5Tx compared to 
sham operated animals.  These infiltrating leukocytes contained a considerable population of 
CD4+ T lymphocytes, while CD8+ T lymphocytes, B lymphocytes, NK cells and macrophages 
were not detectable in the lumbar spinal cord at this time point.  Post-L5Tx, CD4 knockout 
(KO) mice displayed significant hypersensitivity only at the early stage post-L5Tx (day 1-5), 
but not in the maintenance phase (after day 5).  Further, infiltrating CD154+CD4+ T lympho-
cytes could be identified in the lumbar spinal cord 7 days post-L5Tx, there were marked in-
creases in CD40 immunoreactive microglia in the lumbar spinal cord as early as day 3 post-
L5Tx, and CD40 KO mice displayed significantly less mechanical sensitivity compared to wild 
type mice post-L5Tx, evidence which in sum implicates infiltrating CD4+ T lymphocyte-spinal 
cord microglial CD154-CD40 interactions as a mechanism for infiltrating CD4+ T lymphocytes 
to potentiate neuropathic pain during the maintenance phase.  In contrast with the CNS find-
ings, no peripheral differences between L5Tx- and sham surgeries were found in regards to 
CD4+ T lymphocyte activation in the spleen and local lumbar lymph nodes.  In summary, cur-
rent results 1) demonstrate the involvement of CD4+ T lymphocytes in spinal nerve injury-
induced neuropathic pain, particularly in the maintenance phase of neuropathic pain, and 2) 
suggest that spinal cord infiltrating CD4+ T lymphocytes, not peripheral T lymphocytes, play an 
important role in spinal nerve injury-induced neuropathic pain.  The involvement of CNS infil-
trating CD4+ T lymphocyte mediated CD40-CD154 ligation and the importance of microglial 
CD40 in neuropathic pain is currently being investigated.   
 
Acknowledgements:  The authors thank the Englert Cell Analysis Laboratory and Irradiation 
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help in the project.  This study was supported by RO1 DA11276, NIDA and T32 AI 07363-15, 
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The Mind is a Terrible Thing to Waste: The Story of CD73, EAE, and a 
Group of Rowdy Cells Trying to Get into the Brain and Cause Trouble 
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 CD73 is an enzyme found on the cell surface of certain epithelial, endothelial, and im-
mune cells that catalyzes adenosine from extracellular AMP. Due to the strong immunosuppres-
sive and anti-inflammatory effects of adenosine, the role of CD73 in experimental autoimmune 
encephalomyelitis (EAE), an inflammatory autoimmune animal model for multiple sclerosis 
(MS), was investigated. Surprisingly, cd73-/- mice were resistant to EAE and had fewer infiltrat-
ing lymphocytes in the CNS during EAE compared to wild type counterparts. However, this 
was not because cd73-/- T cells failed to be activated by EAE induction. Adoptive transfer of 
CD4+ T cells from cd73-deficient mice into T cell deficient tcrα-/- mice were able to cause se-
vere EAE.  Interestingly, cd73-/- mice can be made susceptible to EAE following the transfer of 
wild type derived CD73 expressing CD4+ T cells. From these results, we conclude that CD73 
expression, whether on T cells or elsewhere in the mouse periphery, is required for efficient en-
try of lymphocytes into the CNS and for EAE development.  
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Ets-1 Knock Out Mice Exhibit Increased Plasma cell Differentiation in  
Response to TLR7/TLR9 Ligands and Loss of Peripheral B cell Tolerance 
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Mice deficient in Ets-1 are characterized by excessive B cell activation, large numbers 

of IgM-secreting plasma cells, and high titers of serum IgM and IgG autoantibodies, leading to 
the deposition of immune complexes in the kidney.  This phenotype is in part B cell intrinsic, 
suggesting that there may be defects in establishing B cell tolerance in Ets-1 knockout mice.  To 
determine whether Ets-1 null B cells can become anergic in response to self-antigens, we 
crossed the Ets-1 knockout animals to mice carrying the anti-hen egg lysozyme B cell receptor 
(MD4 transgenic mice).  These mice were then crossed to transgenic animals expressing hen 
egg lysozyme as a soluble protein (ML5 transgenic mice).  On a wild-type background, B cells 
from MD4+ML5+ mice are anergic and fail to differentiate into Ig secreting cells.  However, on 
an Ets-1 deficient background, these B cells undergo differentiation into IgM-secreting cells 
resulting in high titers of serum anti-HEL antibody.  Thus, B cell tolerance mechanisms are de-
fective in these mice.  Recently, the activation of autoreactive B cells in mouse models of auto-
immunity has been linked to signaling via Toll-like receptor (TLR) pathways, which are in-
duced when autoreactive BCRs bind self-antigens in a complex with self DNA and/or RNA.  
Interestingly, we have shown that Ets-1 deficient B cells are hyper-responsive to TLR9 as they 
undergo enhanced differentiation into IgM-secreting plasma cells when cultured with CpG con-
taining oligodeoxynucleotides (CpG ODN).  We now show that Ets-1 deficient B cells are also 
hyper-responsive to TLR7 signaling.  Moreover, although treatment of wild-type B cells with 
interferon α substantially increased the differentiation response to TLR7 ligands, it had no ef-
fect on the differentiation response of Ets-1 null B cells.  This observation suggests that Ets-1 
null B cells may have already been primed by interferon α in vivo prior to isolation or that these 
B cells secrete interferon α in an autocrine fashion.  Alternatively, Ets-1 null B cells may differ 
from wild-type B cells in that they do not require interferon α signaling to promote their differ-
entiation in response to TLR7 signaling.  Data will be presented exploring these various op-
tions. 
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Dampening of IFN-γ-Responsive Gene Expression in Human  
Trophoblast Cells Occurs by Inhibition of the JAK-STAT Pathway 

 
Shawn P. Murphy Ph.D.   

Department of Obstetrics and Gynecology 
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 Trophoblast cells form the blastocyst-derived component of the placenta, and play es-
sential roles in fetal maintenance.  The pro-inflammatory cytokine IFN-γ plays a central role in 
activating cellular immunity, controlling cell proliferation and inducing apoptosis.  IFN-γ is se-
creted by uterine NK cells in the placenta during pregnancy and in mice is required for proper 
formation of the decidual layer and remodeling of the uterine vasculature.  Despite the presence 
of IFN-γ in the placenta, human trophoblast cells do not express either MHC class Ia or class II 
antigens, and are resistant to IFN-γ-mediated apoptosis.  In this study, we demonstrate that IFN-
γ-induced expression of multiple genes is significantly reduced in human trophoblast-derived 
choriocarcinoma cells relative to HeLa epithelial or fibroblast cells.  These results prompted us 
to investigate the integrity of the JAK/STAT-1 pathway in these cells.  Choriocarcinoma cells 
and HeLa cells express comparable levels of the IFN-γ-R.  However, tyrosine phosphorylation 
of JAK-1 and JAK-2 is compromised in IFN-γ-treated choriocarcinoma cells.  Moreover, phos-
phorylation of STAT-1 at tyrosine-701 is substantially reduced in both IFN-γ-treated human 
choriocarcinoma and primary term trophoblast cells compared to HeLa cells or primary fore-
skin fibroblasts.  A corresponding reduction of both IRF-1 mRNA and protein expression was 
observed in IFN-γ-treated trophoblast cells.  Treatment of choriocarcinoma cells with the tyro-
sine phosphatase inhibitor pervanadate significantly enhanced IFN-γ-inducible JAK and STAT-
1 tyrosine phosphorylation and select IFN-γ-inducible gene expression.  We propose that pro-
tein tyrosine phosphatase-mediated suppression of IFN-γ signaling in human trophoblast cells 
contributes to fetal maintenance by inhibiting expression of genes that could be detrimental to 
successful pregnancy. 
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Is There a Role for Connexin43 in Immunity? 
 

Thien Nguyen and Steven M. Taffet 
SUNY Upstate Medical University, Syracuse, NY 

 
 

 Connexin43 (CX43) is the most predominant gap junction protein expressed in the im-
mune system.  Within the last few years several manuscripts have explored the role of gap junc-
tions in the immune system.  These reports have stated that Cx43 may play a role in antigen 
cross-presentation, dendritic cell maturation, antibody synthesis, T cell activation, and regula-
tory T cell function.  These studies have two major drawbacks.  The first is that these previous 
studies were performed in vitro and may not represent what happens inside the body. In vivo 
studies were not possible due to the fact that Cx43 knockout mice die shortly after birth due to a 
cardiac malformation.  The previous studies used pharmacologic inhibitors of gap junctions, 
which may have not been as specific as originally thought.  We have developed a mouse model 
that allows us to directly study the role of Cx43 in the immune system.  This was accomplished 
by producing Cx43KO chimeric mice that lack Cx43 in cells of the immune system.  This con-
sisted of reconstituting irradiated C57Bl/6Ly5.1+ congenic hosts with Cx43KO fetal liver cells 
from mice on a C57Bl/6 background (Ly5.2+).  Mice were reconstituted with Cx43KO, 
Cx43+/-, or Cx43WT fetal liver cells.  The presence of Ly5.2 on the donor cells allows us to 
identify and track them using flow cytometry.  Cx43KO hematopoietic cells are able to recon-
stitute as well as Cx43+/- and Cx43WT cells.  Reconstitution is nearly 100% in the thymus.  
Our results suggest that the lack of Cx43 has little or no effect on the maturation of thymocytes; 
showing similar percentages of CD3+ (17-19%), double positive (81-82%), CD4+ (63%), and 
CD8+ (18-19%) cells.  Contrary to published in vitro experiments; immune cells are able to 
transmigrate into the periphery and secondary lymphoid organs to the same degree regardless of 
the presence of Cx43.  Specifically, T cells and B cells are able to migrate into the peripheral 
lymphoid organs such as the spleen and lymph nodes.  In addition, peritoneal washouts 24 
hours following injection of inflammatory stimuli revealed that over 90% of the responding 
cells were Ly5.2+ and similar cell numbers and cell types were identified in all three condi-
tions.  Also, contrary to the published in vitro studies, Cx43 was not required for the production 
of an antibody response to KLH. Future studies are planned to determine the role of Cx43 on 
more complex cellular interactions such as the progression of atherosclerosis and pathogenic 
challenge.   
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Antibody-mediated Protection Against Lethal Respiratory Tularemia 
 

Girish S. Kirimanjeswara, Chandra Shekhar Bakshi, and Dennis W. Metzger 
Center for Immunology and Microbial Disease,  

Albany Medical College, Albany, NY 12208 
 
 

It has been previously shown that B cells are necessary and LPS-specific antibodies are 
sufficient for vaccine-induced immunity to Francisella tularensis, suggesting that antibodies 
play a major role in protection against tularemia. However, due to the intracellular nature of the 
bacterium, it is widely believed that T cells, but not antibodies, are critical for protection. We 
assessed the relative contribution of serum antibodies in protection against respiratory tularemia 
by investigating the ability of serum antibodies to clear bacteria from the lungs of intranasally 
infected mice and prevent systemic infection. Passive administration of immune serum col-
lected from immunized mice was found to confer protection to naïve mice against lethal F. tu-
larensis (LVS) challenge. Adoptively transferred antibodies rapidly cleared bacteria from the 
lungs and prevented spread of bacteria to liver and spleen. This protection was dependent on 
FcγRs and phagocytes such as macrophages and neutrophils, but not complement. Interestingly, 
phagocytosis and killing of opsonized bacteria was dependent on the presence of IFN-γ. Consis-
tent with this finding, in vivo antibody-mediated protection required IFN-γ and T cells. To-
gether, these data suggest that a close and critical interaction of humoral and cellular immune 
responses is necessary for providing sterilizing immunity to F. tularensis. Furthermore, serum 
antibodies conferred protection against lethal respiratory tularemia when given 24 to 48 hr post-
exposure and thus this study provides evidence for the use of antibodies for both prophylactic 
and therapeutic purposes.  
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Manipulation of Immunity by Toxoplasma gondii 
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CD11c-positive Spleen B1-like Plasmablasts Elicited during Intracellular 
Ehrlichia Infection are a Potent Source of Specific Antibodies  

During T-independent Responses 
 

Rachael Racine and Gary M. Winslow 
Wadsworth Center, Albany NY 

 
 
 T-independent (TI) responses, although known to occur against bacterial capsular and 
cell-wall polysaccharides expressed by a number of bacterial pathogens, have not been  de-
scribed during intracellular bacterial infections. Our previous study demonstrated that Ehrlichia 
muris, an intracellular, blood-borne pathogen, generates protective classical TI responses in 
CD4 T cell-deficient and MHC class II-deficient C57BL/6 mice.  Here we show that E. muris 
TI immunity is accompanied by the expansion of a novel spleen population of CD11clo-
expressing B-1b-like plasmablasts that comprise up to 15% of spleen lymphocytes during peak 
infection in both wild-type and MHC class II-deficient mice. The cell population contributed to 
approximately 50% of total spleen IgMhi IgDlo cells also exhibited low expression of the B cell 
markers B220, CD19, and CD21. Further analyses revealed that the B1-like cells had high ex-
pression of CD11b, CD43, and CD138, but lacked CD5 expression, all characteristics of B1-b 
cells. In addition to the integrins CD11b and CD11c, the B1b-like cells also expressed high ex-
pression of the b1 (CD29) and α4 (CD49d, VLA-4) integrins. The B1b-like population ac-
counted for the majority of the B cells that produced IgM, and nearly all the E. muris outer 
membrane protein (OMP)-specific IgM-secreting cells. The two major B cell populations that 
contribute to TI antibody production, B-1 and marginal zone B cells, are typically found in the 
peritoneal cavity and spleen, respectively. In contrast, the B-1b cells we have identified may 
represent expansion of a novel antigen-specific splenic B1b population that has not been de-
scribed in other infections. How E. muris triggers such robust spleen B1b-like plasmablast re-
sponses, as well as the role of integrins, is a current area of investigation. 
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The Role of the CYS-PAM3 Motif of non-Typeable Haemophilus Influenzae 
OMP P6 in Stimulating Innate Immune Responses 
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 Nontypeable Haemophilus influenzae (NTHI) is an important human respiratory tract 
pathogen in children and adults.  NTHI is the most common bacterial cause of exacerbations of 
COPD.  In addition, NTHI is a common cause of recurrent episodes of otitis media during 
childhood.  Therefore, there is significant interest in developing a vaccine to prevent infections 
caused by NTHI in children and adults.  
 P6 is a 16-kD lipoprotein that makes up 1 to 5% of the total outer membrane protein and 
is highly conserved among all strains of NTHI, both at the protein and the DNA level.  The re-
sults of human and animal studies indicate that antibody to P6 is bactericidal and suggests that 
antibody to P6 provides protection in children from infection or colonization.  Therefore, this 
potentially protective antigen has been proposed as a possible candidate for vaccine formulation 
against otitis media.  We have previously demonstrated that patients with COPD who have fre-
quent exacerbations due to NTHI (compared with patients with COPD with no exacerbation due 
to NTHI, and compared with healthy control subjects) fail to make a robust T cell response to 
P6 during infection and have suggested that the ability of T cells to recognize P6 maybe associ-
ated with relative protection from exacerbations due to NTHI.  These results also suggested that 
the failure to recognize P6 as an important antigen, as noted in otitis-prone children, may con-
tribute to repeated disease exacerbations in adults with COPD.  Since much of the mortality as-
sociated with COPD occurs during exacerbations, adults with COPD represent another group 
who would benefit from a vaccine designed to prevent infections caused by NTHI.  
 However work to date has focused mainly on the protein component of the antigen P6.  
Being cognizant of the fact that OMP P6 is a lipoprotein known to posses a cys-pam3 motif that 
is likely to interact with the toll-like receptors (TLR 2) on cells of the immune system, we have 
investigated the role of this motif in dendritic cell activation and function.  We generated re-
combinant P6 proteins either retaining or lacking the lipid component and tested them for their 
ability to interact with bone marrow derived dendritic cells  from TLR2 +/+ and TLR2 -/- mice 
and promote their maturation (measured by cell surface markers) , alter their endocytic capac-
ity, cytokine secretion and their ability to stimulate antigen specific T cells.   Our results clearly 
point to a key role for the lipid component of P6 in the maturation of DCs.  In fact, recombinant 
delipidated P6 is unable to sustain dendritic cell maturation and antigen presentation.  More-
over, the action of the lipidated P6 is clearly TLR2 mediated, since its effect is totally abrogated 
in dendritic cells from TLR 2-/- mice. 
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DNA Vaccine Immunotherapy for HIV: Long-term Control without Drugs in 
the non-Human Primate Model for AIDS 

 

Deborah H. Fuller1,2, Premeela Rajakumar1, Jenny Che1, Brendon Whalberg1, Heather 
Michael1, Peter Ertl3, Fiona Cook3, Rachel Taber1, Julia Nyuandi1, John Tite3, and  

Michael Murphey-Corb1.   
1University of Pittsburgh, Pittsburgh, PA; 2Albany Medical College, Albany, NY;  

3GlaxoSmithKline, Stevenage, U.K. 
 
 

Clinical management of AIDS currently depends on treatment with antiretroviral drugs 
(highly active antiretroviral therapy; HAART). Although HAART decreases symptoms and 
prolongs life, it does not eliminate primary viral reservoirs in the gut associated lymphoid tissue 
(GALT) or fully restore HIV-specific immune responses. We previously showed in the SIV 
model for AIDS that initiating a combined therapeutic regimen of antiretroviral (ART) and par-
ticle-mediated epidermal DNA immunization (PMED) during acute infection induces long-term 
immune control of viral rebound after drug is withdrawn. Here, we investigated DNA immuni-
zation for the ability to augment the effects of HAART in rhesus macaques when treatment is 
initiated at a later stage in the infection.  

Rhesus macaques were infected with a primary isolate of SIV and ART was initiated after 
chronic infection was established (42 days post-infection). The macaques (16 per group) were 
then immunized during 8 months of continuous ART with a series of 6 monthly doses of a 
PMED DNA vaccine expressing SIV RT, nef, gag, and env. Sixteen macaques were immunized 
with the DNA vaccine alone and a second group of 16 were immunized the DNA vaccine plus a 
plasmid expressing the mucosal adjuvant LT (heat-labile enterotoxin, E. Coli). The controls 
(N=16) received ART and mock immunizations with empty vector. One month after the final 
vaccine dose, drug was withdrawn and the effects on viral control and immune responses ana-
lyzed.  

Only 43% of animals (21/48) responded to the drug (ART responders), a result that is con-
sistent with previous findings. Among the ART responders, 1/7 animals in the control group 
(14%), 5/8 in the unadjuvanted vaccine group (65%) and 6/7 in the LT-adjuvanted vaccine 
group (83%) contained viral rebound for at least 3 months after drug was withdrawn.  Both vac-
cines enhanced SIV-specific CD4+ and CD8+ T cell responses in ART responders but the LT 
vaccine induced higher CD4+ T cell responses and also elevated immune responses in the ART 
non-responders. However, overall, the immune responses in ART non-responders remained 
lower than the ART responders and the vaccine had no measurable effect on viral loads in ani-
mals that failed to respond to ART. Animals that maintained control of viral rebound after drug 
was withdrawn demonstrated better preservation of the central memory T cell population than 
animals exhibiting viral rebound within the same timeframe. These results provide evidence 
that using DNA immunization as an adjunct to HAART may improve the treatment of HIV in-
fection. 
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Naïve CD8 T cell Precursor Frequencies Influence Epitope  
Immunodominance in Aged Mice following Influenza Virus Infection and can 

Predict the Development of Holes within the Aged T cell Repertoire 
 

Eric Yager, Mushtaq Ahmed, Kathleen Lanzer, Troy D. Randall, David L. Woodland and 
Marcia A. Blackman1 

Trudeau Institute, Saranac Lake, New York 12983 
 
 

 Maintenance of a diverse T cell repertoire is essential for a vigorous immune response 
against newly encountered pathogens and decreasing repertoire diversity has been implicated in 
the age-associated decline in CD8 T cell immunity. Using the well-characterized mouse influ-
enza virus infection model we found that, although comparable numbers of CD8 T cells are 
elicited in the lung and lung airways of young and aged mice following de novo infection, a 
majority of aged mice exhibit profound shifts in epitope immunodominance and limited TCR 
diversity within the repertoire of responding CD8 T cells. There was a preferential decline in 
reactivity to those viral epitopes found to have low naïve precursor frequencies in young mice, 
in some cases leading to the presence of “holes” within the aged CD8 T cell repertoire. Similar 
results were obtained with young mice that had been thymectomized prior to infection, consis-
tent with the role of the thymus in maintaining a diverse repertoire of naïve T cells. This study 
formally demonstrates that naturally occurring contraction of the naïve T cell repertoire can re-
sult in impaired CD8 T cell responses to known immunodominant epitopes in a murine infec-
tion model. Furthermore, these observations will likely have important implications for the de-
sign of vaccine strategies intended to reduce the levels of morbidity and mortality associated 
with infectious disease in the elderly. 
 
This work was supported by NIH institutional training grant AI-049823 and NRSA postdoctoral 
fellowship AG-029010. 
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CD80/CD86-CD28 Costimulation Controls both Memory CD8+ T cell  
Differentiation and the Recall Response 

 
Shinichiro Fuse, Weijun Zhang and Edward J. Usherwood 

Dartmouth Medical School, Lebanon NH 
 
 

Memory CD8+ T cell responses have been considered to be independent of 
CD80/CD86-CD28 costimulation.  However, recall responses are often severely blunted in 
CD28-/- mice.  Whether this impairment represents a requirement for CD28 costimulation for 
proper memory CD8+ T cell development or a requirement during the recall response is not 
known.  Furthermore, how CD28 costimulation affects the phenotype and function of memory 
CD8+ T cells has not been characterized in detail.  Here we investigate these questions by 
studying the role of the CD28 costimulatory pathway in memory CD8+ T cell responses to 
acute and persistent DNA virus infections.  Memory CD8+ T cells against vaccinia virus (VV) 
infection which develop without CD28 costimulation exhibit lower expression of differentiation 
markers CD27 and CD122 (IL-15Rβ).  These memory CD8+ T cells also fail to produce IL-2.  
Our data indicate that for an optimal recall response, CD28 costimulation is required both for T 
cell priming and also during the recall response.  Similar requirements were observed for 
memory CD8+ T cell responses during persistent infection with murine gammaherpesvirus-68 
(MHV-68) infection, indicating CD28 may play the same role in both acute and persistent 
infections.  Finally we show deficits in the recall response cannot be restored by the administra-
tion of IL-2 during T cell priming, but IL-2 administered during the recall response could cor-
rect the defect in cell expansion.  The data presented show that CD28 costimulation not only 
controls the magnitude of the primary response but also affects development of memory CD8+ 
T cells, and is required during the recall response in addition to initial T cell priming. 
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Role of the Chemokine Receptors CCR5 and CXCR3 in Virus-specific  
Memory CD8+ T cell Recruitment to the Lung Airways 

 
Jacob Kohlmeier 

Trudeau Institute, Saranac Lake, NY 
 
 

CD8+ T cell recall responses to secondary virus challenge are characterized by rapid pro-
liferation of antigen-specific memory T cells within the draining lymph nodes and the recruit-
ment of newly-generated effector T cells to the site of infection.  However, in the cases of influ-
enza and parainfluenza virus infections of the respiratory tract, the emergence of secondary ef-
fector CD8+ T cells is preceded by an influx of non-dividing memory CD8+ T cells from the 
circulation to the lung parenchyma and lung airways.  Although a number of studies have inves-
tigated the chemokines and chemokine receptors necessary for optimal effector CD8+ T cell re-
cruitment following respiratory virus challenge, little is known about the expression of 
chemokine receptors on resting memory CD8+ T cells or their role in governing the recruitment 
of these cells to the lung airways following secondary virus challenge.  We have investigated 
the role of the inflammatory chemokine receptors CCR5 and CXCR3 in virus-specific memory 
CD8+ T cell recruitment following secondary virus challenge.  Our data show that virus-specific 
memory CD8+ T cells are largely CXCR3+ and CCR5-, and were capable of migrating to 
CXCR3 ligands in vitro.  However, utilizing an in vivo heterologous infection model, we ob-
served no defect in early memory CD8+ T cell recruitment in CXCR3-deficient mice.  Surpris-
ingly, CCR5-deficient mice showed a profound defect in early memory CD8+ T cell recruitment 
to the lung airways, and this defect was specifically due to a lack of CCR5 expression on mem-
ory CD8+ T cells.  Additionally, this defective recruitment correlated with a significant decrease 
in the frequency of virus-specific cells that expressed the effector molecules IFN-γ and gran-
zyme B within the lung airways.  Finally, we observed that surface expression of CCR5 was 
rapidly increased on virus-specific memory CD8+ T cells following heterologous challenge, 
and this increased expression rendered the cells responsive to CCR5-mediated recruitment.  
Taken together, these data identify a crucial role for CCR5 in the early recruitment of memory 
CD8+ T cells following respiratory virus challenge and demonstrate that the expression of 
chemokine receptors on memory CD8+ T cells can be dramatically impacted by inflammation. 
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 Products of the nervous and endocrine systems are well-known to modulate immune 
responses.  High concentrations of the hormone corticosterone are released into circulation un-
der psychological stress.  Previous studies have demonstrated that stress-associated corticoster-
one impairs CD8+ T cell (TCD8)-mediated immune responses, resulting in 80% mortality in mice 
normally resistant to herpes simplex virus infection.  While the effects of stress-induced neuro-
endocrine mediators upon TCD8 are well documented, little is known about their effects upon 
dendritic cells (DC).   
 We recently demonstrated that corticosterone impairs DC maturation and function, and 
suppresses MHC class I direct presentation of endogenous antigen.  We now examine, both in 
vitro and in vivo, neuroendocrine modulation of the DC-mediated cross-presentation and prim-
ing pathway.  In this pathway, antigen from “donor” cells is taken up and processed by DC for 
presentation on MHC class I, which is important for priming TCD8 responses against tumors or 
viruses that do not infect DC.   
 We found >50% impairment of cross-presentation of exogenous soluble ovalbumin 
(OVA) by corticosterone-treated DC in vitro, as measured by activation of an OVA(257-264)-
specific T-cell hybridoma.  We next used a well-established murine model to determine the ef-
fects of restraint-induced psychological stress on the steps involved in the cross-priming path-
way in vivo.  Splenocytes from β(beta)2m-/- mice, which cannot present antigen on MHC class 
I, were loaded with OVA and injected intravenously into stressed and control mice.  Fourteen 
hours later, splenic DC were co-cultured with fluorescently-labeled (CFDA-SE)-labeled 
OVA(257-264)-specific OT-I cells.  The DC from stressed mice induced significantly less prolif-
eration (50%) compared to the DC from controls.  This decreased cross-priming is not due to 
impaired antigen donation, as proliferation of CFDA-SE-labeled OT-I  cells was equivalent in 
mice that received vehicle- or corticosterone-treated H-2b- donor cells infected with recombi-
nant vaccinia virus expressing OVA.  Differences in antigen uptake also do not account for im-
pairment of cross-priming.  Phagocytosis of fluorescent microspheres was equivalent in vehi-
cle- or corticosterone-treated DC in vitro, and in vivo, a greater percentage of DC in stressed 
mice acquired microspheres that were loaded into β(beta)2m-/- splenocytes.  Stress, in addition 
to decreasing total numbers of splenic DC 5-10-fold, significantly reduced the percentage of the 
CD8α(alpha) DC subset, which mediate cross-priming of viral antigen.  We are currently deter-
mining whether the stress-induced decrease in cross-priming is due to decreased percentage 
and/or impaired function of CD8α(alpha) DC.  
J.H. is supported by PHS training grant T32 CA60395 and this work supported by PHS grant 
AI065702 (M.E.T., C.C.N., R.H.B.).  
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Pathology due to the immune system’s response to viral infections often represents a 
delicate balance between inhibition of viral pathogenesis and regulation of protective immunity.  
In susceptible C57BL/6 mice the murine retroviral isolate LP-BM5 induces splenomegaly, hy-
pergammaglobulinemia, profound B- and T-cell immunodeficiency, and increased susceptibil-
ity to opportunistic pathogens and terminal B-cell lymphomas.   Here, we report that B6.PD-1 
(Programmed death-1) and B6.IL-10 knockout mice are substantially more susceptible to LP-
BM5-induced pathogenesis than wild-type C57BL/6 mice.  LP-BM5 infected B6.PD-1-/- mice 
developed more severe splenomegaly, hypergammaglobulinemia, and immunodeficiency than 
infected B6 mice: PD-1-/- mice are more susceptible to lower doses of LP-BM5 and show more 
exaggerated disease early post infection.  LP-BM5 infected B6.IL-10-/- mice, also develop exag-
gerated LP-BM5-induced pathogenesis, compared to B6 mice.   By reciprocal reconstitution 
experiments, comparing wild type vs PD-1-/- sources of the requisite cells for LP-BM5 patho-
genesis – CD4 T and B cells, PD-1+ B cells appear crucial in the normal limitation of LP-BM5 
induced pathogenesis in B6 mice.  Also, infected B6 mice have increased CD11b+ spleen cells 
that express IL-10.  Thus, it appears that PD-1/PD-L interactions and IL-10 are primarily im-
portant in moderating the effects of LP-BM5 induced pathogenesis in B6 mice.  
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Mechanisms of Hepatocellular Damage in a Murine Model of Autoimmune 
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Autoimmune hepatitis (AIH) is a poorly understood disease caused by an immune-mediated 
attack on hepatocytes. AIH is believed to be driven by an underlying genetic susceptibility, loss 
of normal hepatic tolerance, the recruitment of Th1 CD4+ cells into the liver, and the production 
of inflammatory cytokines such as interferon-γ. However, the immunopathogenic mechanisms 
that lead to AIH remain obscure. BALB/c-TGF-beta1-/- mice spontaneously develop fulminant 
necroinflammatory hepatitis that recapitulates several features of human AIH. This liver disease 
is dependent upon both CD4+ T cells and IFN-γ. Intracellular cytokine analysis as well as cell 

subset depletion showed that CD4+ T cells, but not CD8+ T cells or NK cells, are the principal 

source of IFN-γ in this model system. Histological examination of BALB/c-TGF-beta1-/- livers 
revealed an abundance of neutrophils, supported by microarray analysis showing increased ex-
pression of neutrophil-associated gene products. By flow cytometry, both the percentage and 
absolute number of neutrophils were increased in BALB/c-TGF- beta1-/- livers. To evaluate the 
role of neutrophils, we depleted neutrophils in vivo from young BALB/c-TGF-beta1-/- mice 
using the anti-Gr1 monoclonal antibody (RB6-8C5). This prevented the development of ele-
vated AST in peripheral blood, suggesting that neutrophils are critical for immune mediated 
tissue damage. Microarray analysis showed that the neutrophil-attracting chemokine CXCL2 is 
strongly overexpressed in BALB/c-TGF-beta1-/- livers in an IFN-γ-dependent fashion. To-

gether, our data suggest a model for liver disease in BALB/c-TGF-beta1-/- mice: upon 

stimulation by liver antigen, liver-reactive CD4+ T cells release IFN-γ, which drives the over-
expression of CXCL2, which in turn drives the recruitment of neutrophils that participate in the 
effector stage of hepatocellular damage. 
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 Endemic Burkitt lymphoma (BL) is the most common childhood cancer in equatorial 
Africa and is etiologically linked to Epstein-Barr virus (EBV) and Plasmodium falciparum ma-
laria co-infections.  One potential model for the interaction between these two pathogens in in-
creasing the risk for BL is that repeated infections with P. falciparum weakens the total CTL 
memory, such that established CTL memory to EBV will be diminished and ultimately col-
lapse.  To test this model, we are working in Kenya, a country in East Africa that lies in the 
“lymphoma belt” where the risk for BL is very high.  Because of the geography of Kenya, there 
is a diversity of malaria transmission intensity.  We have utilized this difference in geography to 
examine how repeated malaria infections impairs EBV specific immunity in children living 
with high malaria transmission intensity and living in an area with low risk of malaria transmis-
sion.  We measured IFNγ responses to EBV latent and lytic antigens by ELISPOT assays and 
found that children from a malaria holoendemic area had significantly fewer EBV-specific 
IFNγ responses compared to children from a highland area with infrequent malaria exposure.  
This effect was most pronounced in children 5-9 years old, coinciding with the peak incident 
age of BL.  In addition, the magnitude of cytokine responses was lower in children chronically 
exposed to malaria.  This suggests that development of immunity to EBV is impaired in chil-
dren chronically exposed to repeated P. falciparum infections.  To understand how recurrent P. 
falciparum infections impact the development and maintenance of EBV-specific memory T cell 
responses, we have enrolled a cohort of children with divergent malaria exposures and are fol-
lowing them from birth through 3 years of age.  Data from the first year of the study will be pre-
sented.   
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Bridging Innate and Adaptive Immunity to Infections in the Genital Tract 
 

Michael W. Russell 
Witebsky Center for Microbial Pathogenesis and Immunology,  

Department of Microbiology and Immunology, University at Buffalo, Buffalo, NY 
 
 

 Both male and female genital tract secretions contain secretory immunoglobulin A and 
are therefore thought of as effector sites of the mucosal immune system, but there are distinct 
differences from other mucosal tracts and secretions that no doubt relate to the unique physio-
logical processes of reproduction.  No typical mucosal inductive site tissues with organized 
lymphoid follicles and specialized follicular epithelium occur within the genital tracts.  Den-
dritic cells are found in the mucosae, and local immune responses can be induced by instilling 
potent immunogens into the vagina, although the ensuing responses are not effectively dissemi-
nated to remote mucosal effector sites.  However, specific immune responses to uncomplicated 
infection with Neisseria gonorrhoeae in local genital secretions or the circulation are weak.  
There is no effective state of immunity against repeated infection, and infections can persist for 
many months in the absence of antibiotic treatment.  These observations suggest that N. gonor-
rhoeae exploits a unique environment and elicits host responses (or lack of them) that favor its 
own survival.  Gonorrhea in men typically induces an acute inflammatory response marked by 
an influx of neutrophils which the gonococci are partially able to withstand, but 30-50% (or 
more) of cervical infections in women are asymptomatic.  These discrepancies between innate 
and adaptive immune responses are not well understood.  Increased levels of inflammatory cy-
tokines occur in the semen of infected men and in the circulation of some infected women, es-
pecially those co-infected with Chlamydia or Trichomonas.  However, only modest serum anti-
body responses were observed in women, and not at all in men.  Gonococci induce significant 
secretion of IL-1β, IL-6, TNFβ, and IL-17 from mouse spleen cells as well as IL-1β, IL-6, IL-8, 
TNFα and IL-23 from human THP-1-derived macrophages.  These findings suggest that N. 
gonorrhoeae can induce the Th17 pathway of immunity, which may be responsible for the neu-
trophil influx in gonorrhea.  Other immune response pathways in the suppressive environment 
of the genital tract might lead to the down-regulation of adaptive immune responses.   
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Viral Sequestration of Antigen Subverts CD8+ T Cell Priming 

 
Eric F. Tewalt, Jean M. Grant, Erica L. Granger, Chris C. Norbury 

Milton S. Hershey Medical Center, Pennsylvania State University College Of Medicine,  
Hershey, PA 

 
 

Virus-specific naïve CD8+ T cells (TCD8+) are triggered by peptide-MHC Class I com-
plexes on the surface of professional antigen presenting cells (pAPC). Late poxvirus encoded 
antigens are not produced by infected pAPC thereby preventing MHC Class I-restricted direct 
presentation.  Uninfected pAPC, however, can acquire antigen from infected cells and cross-
prime TCD8+-mediated immunity.  However, late poxviral antigens are sequestered within spe-
cialized compartments in infected cells, preventing access to the cross priming pathway and ab-
lating the TCD8+ response to late antigens.  Thus, the presence of antigen within a cell does not 
assume availability for cross priming, and sequestration of antigens may be a mechanism to pre-
vent the development of TCD8+-mediated autoimmunity.  Furthermore, viral evasion of the cross 
priming pathway is a crucial consideration during the design of antiviral vaccines. 
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A Role for Francisella tularensis Antioxidant Enzymes in Macrophage Kinase 
and Phosphatase Signaling 

 
Amanda Melillo, Chandra S. Bakshi and J. Andrés Melendez 

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

The innate immune response to bacterial infection is triggered by pathogen derived pro-
teins, DNA and lipid components which trigger a diverse array of activation signals, including 
kinase and phosphatase signaling.  Kinase activation plays a critical role in regulating macro-
phage activity upon bacterial infection.  In recent years, it has become clear that kinase signal-
ing is sensitive to redox modulation.  This mode of redox regulation involves the oxidant de-
pendent inactivation of protein tyrosine phosphatases such as MAPK phosphatases (MKP) and 
Phosphatase and Tensin homolog (PTEN).  Thus, many phosphatases that regulate kinase sig-
naling are susceptible to reversible oxidant-dependent inactivation, leading to transient in-
creases in kinase signaling.  Intracellular bacteria have evolved unique mechanisms to preserve 
host phosphatase activity, resulting in rapid reversal of kinase signaling and subsequent macro-
phage activation.  In order to address this, we are examining the role of antioxidants of the in-
tracellular bacterium, Francisella tularensis in preventing oxidative inactivation of phosphata-
ses.  F. tularensis is the etiological agent of tularemia and is considered a biological weapon 
because of its extreme infectivity and ease of dissemination via aerosols.  

In our experimental model we examined the effects on human and murine macrophage 
signaling following infection with the F. tularensis LVS, as well as a series of mutants that lack 
antioxidants, including superoxide dismutase (ΔsodB,ΔsodC), catalase (ΔkatG), and the intra-
cellular growth locus (ΔiglC). In addition, we tested the highly virulent strain, SchuS4. Follow-
ing macrophage infection, we examined the activation of the MAPK signaling pathway using 
the BD bioscience FACS phosphoarray flex set. Our results indicate that phospho-JNK and 
phospho-P38 activation was not altered in response to infection. However, phospho-Erk levels 
decreased following a 4h infection with LVS or ΔkatG, but did not decrease in ΔiglC or ΔsodB 
infections.  Furthermore, Erk activation in human macrophages in response to SchuS4 infection 
was monitored. SchuS4 displayed a much more robust but truncated Erk activation in response 
to infection.  We also examined the activity of MAPK phosphatase 3 (MKP-3), which is in-
volved in regulation of Erk signaling, by western blot analysis. Infection of human macro-
phages with LVS indicates activation of MKP-3 1h post infection, an effect that was lost when 
cells were infected with ΔiglC.  In addition, PTEN was also activated in LVS infected macro-
phages, but not in the antioxidant mutant infections.  Our findings suggest that there is a promi-
nent redox-component to phosphatase signaling regulated by F. tularensis, which plays a role in 
macrophage activation. 
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West Nile Virus Infection in Mice Results in a Lymphopenia 
 

Ashley N. Brown2, Melissa J. Behr1, 2, and Kristen A. Bernard1, 2 
1Wadsworth Center, New York State Department of Health, Albany, NY 
2Department of Biomedical Sciences, University at Albany, Albany, NY 

 
 

West Nile virus (WNV) causes varying degrees of disease in different hosts. The im-
mune system plays an important role in determining disease severity.  Our previous studies 
showed that WNV replicates in and destroys lymphoid tissues in C3H/HeN (C3H) mice, which 
exhibit severe West Nile disease. We hypothesized that WNV negatively impacts lymphocytes 
and their function, resulting in immunodysregulation of the host.  For each experiment, 18 mice 
were inoculated subcutaneously with 103 PFU WNV in the left rear footpad, and eight mice 
were inoculated with diluent alone. Four WNV-inoculated mice and two mock-inoculated mice 
were sacrificed on days 3, 5, 7, and 9 post-inoculation (p.i.). Blood and draining popliteal 
lymph nodes were harvested from all mice to enumerate WBCs and specific lymphocyte popu-
lations.  Absolute and relative white blood cell (WBC) counts were compared between WNV-
inoculated and mock-inoculated C3H mice.  Additionally, CD4+, CD8+, and CD19+ cell popula-
tions were analyzed by flow cytometry. WNV-inoculated mice exhibited a relative lym-
phopenia, neutrophilia, and monocytosis in the blood at all time points when compared to mock 
mice; however, absolute WBC counts were equivalent between the two groups. CD19+ B cells 
were significantly lower in the blood of WNV-inoculated mice at all time-points p.i., but were 
nearly two-fold higher in the lymph node when compared to mock mice. CD8+ T cells were 
similar in the lymph node at all time points, but were significantly lower in the blood of WNV-
inoculated mice on days 3 and 5 p.i..  Blood and lymph node CD4+ T cell counts were not sig-
nificantly different in WNV- and mock-inoculated mice. Finally, the B-cell lymphopenia corre-
lated with a delay in WNV-specific antibody compared to another mouse strain, which is more 
resistant to West Nile disease. In summary, WNV-inoculated mice experienced an absolute 
lymphopenia and had detectable changes in blood and lymph node CD19+ lymphocyte popula-
tions compared to mock mice. These data suggest that WNV affects the immune system of C3H 
mice, which may explain the high morbidity and mortality rates in this mouse strain. Future 
studies will focus on mouse strains with higher survival rates to determine if lymphopenia cor-
relates with disease and to establish if WNV infects CD19+ B cells.  
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Antigen Presentation During Acute and Chronic Ehrlichiosis is Dependent on 
APC Type and Site of Infection 

 

Bisweswar Nandi and Gary M Winslow 
Wadsworth Center, Albany, NY 

 

 Ehrlichiosis is an emerging infectious disease in both humans and animals. We have 
shown that immunization with an ehrlichial outer membrane protein, OMP-19, protects mice 
against a fatal challenge infection, and identified a major CD4 T cell epitope within this anti-
gen, OMP-19107-122. In this study, we have used an OMP-19107-122-specific T cell line to monitor 
antigen presentation during infection with E. muris, a related ehrlichia that establishes-low level 
persistent infection in C57BL/6 mice. Activation of the T cell line following contact with anti-
gen was determined by measuring intracellular IFNγ (known as the direct ex vivo antigen-
detection assay). Antigen presentation was detected in spleen, lymph nodes (LNs) and perito-
neum exudates cells (PECs). In the spleen, antigen presentation was maximal from days 6 to 9 
post-infection and declined to background levels by day 16. Similarly, lymph node antigen 
presentation was highest at day 15. Spleen and LN dendritic cells (DCs) were found to be major 
cells involved in antigen presentation at this time. Although antigen presentation was also maxi-
mal on day 15 in PECs, in contrast, presentation persisted at moderate levels for as long as 60 
days post-infection. This prolonged antigen presentation likely reflects the chronic infection of 
peritoneal macrophages that we have observed, and suggests that antigen presentation by PECs 
maintains protective T cell responses during chronic infection. Our data also suggest that that 
the cells involved in antigen presentation change from DCs within secondary lymphoid organs 
during early infection, to peripherally-localized macrophages during chronic infection. These 
differences may be responsible for qualitatively different T cell responses during chronic infec-
tion. 
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Reversing Tumor Immune Suppression with Intra-tumoral IL-12 
 

Mehmet O. Kilinc, Tao Gu, Stacy A. Jones, Lauren P. Virtuoso and Nejat K. Egilmez 
Department of Microbiology and Immunology, School of Medicine and Biomedical Sciences, 

University at Buffalo, SUNY, 3435 Main Street, Buffalo, NY 14214 
 
 
 A single intra-tumoral injection of IL-12 and GM-CSF-loaded slow-release micro-
spheres induces T-cell-dependent eradication of established primary and metastatic tumors in a 
murine lung tumor model.  To determine how delivery of cytokines directly to the microenvi-
ronment of a tumor nodule induces local and systemic anti-tumor T-cell activity, we character-
ized therapy-induced phenotypic and functional changes in tumor-infiltrating T-cell popula-
tions.  Analysis of pre-therapy tumors demonstrated that advanced primary tumors are infil-
trated with CD4+ and CD8+ T-cells with an effector/memory phenotype, and a CD4+CD25+ 
subset displaying T-suppressor cell characteristics.  Tumor-associated effector memory CD8+ 
T-cells displayed impaired cytotoxic function whereas CD4+ CD25+ cells effectively inhibited 
T-cell proliferation demonstrating functional integrity.  Treatment promoted a rapid activation 
of CD8+ effector/memory T-cells and a concomitant elimination of CD4+ CD25+ Foxp3+ T-
suppressors.  Loss of T-suppressor cells was due to apoptotic death and was dependent on pre-
existing CD8+ T-cell activation.  Further analysis demonstrated that both CD8+ T-cell activa-
tion and T-suppressor apoptosis were primarily mediated by IL-12, and required IFNγ as well 
as FasL expression.  These results establish that T-suppressor-cell mediated tumor immune sup-
pression can be reversed with local IL-12 and suggests a role for activated CD8+ T-
effector/memory cells in the elimination of T-suppressor cells from tumors. 
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B cell, T cell, and Dendritic Cell Responses in Immunocompromised Patients 
Receiving Inactivated Influenza Vaccine 

 
James J. Kobie, F. Eun-Hyung Lee, Chungwen Wei, Tim R. Mosmann, Christopher Ritchlin, 

Sally A. Quataert, Ernest Wang, Ignacio Sanz 
Rochester Center for the Biodefense of Immunocompromised Populations,  

University of Rochester, Rochester NY 
 
 
 In the event of a bioterrorist attack, immuno-compromised patients which prominently 
include autoimmune patients subject to therapeutic immunosuppression will be at a very high 
risk. Therefore, there is a clear need to identify the specific immune defects that make these 
populations especially susceptible. One of the more prevalent forms of immunosuppression 
used for a growing number of autoimmune conditions is chronic blockade of Tumor Necrosis 
Factor α (TNF). It is expected that in the near future candidates for this type of therapy will in-
clude several million American citizens. We will identify defective mechanisms of immune re-
sponse in patients treated with TNFα blockade (anti-TNF) through a comprehensive series of 
studies on the B cell, T cell, and dendritic cell compartments following annual inactivated influ-
enza vaccination.   
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 Emerging Viruses, Vaccines and Describing the Molecular Basis of  
Protective Immunity 

 
Jeffrey Kennedy, Ph.D. 

Wadsworth Center, NYS Department of Health, Albany, NY 
 

 
    Historical vaccine development has been a laborious approach that focused on large-
scale prevention trials as the endpoint of success with limited attention to laboratory surrogate 
markers of protective immunity, or biomarkers that assess safety and tolerability.  Vaccines tar-
geting bioterrorism, emerging and pandemic viruses are less adaptable to large prevention trials 
either due to low prevalence of disease or lack of predictable outbreaks.  Future successful de-
velopment of vaccines to emerging viral threats will require a true translational research strat-
egy where preclinical studies continue throughout clinical development.  Such a strategy will 
enable clinical data to influence the evaluation of secondary vaccine prototypes in animal mod-
els and the role    that new technological innovations can have on defining protective T and B 
cell immune responses in humans. Three contemporary advances have emerged that promise to 
provide new tools in the design and evaluation of emerging viral vaccines.  First, the ability to 
identify the structure of antigenic epitopes has expanded our ability compare responses across 
individuals that are naturally infected with viruses, to those receiving prototype vaccines.  Sec-
ond, new insights regarding antigen processing and the role regulatory T cells and antigen pre-
senting cells play in mediating induction of immunity will improve our ability to construct and 
compare different vaccine designs, adjuvants, and routes of administration and test their ability 
to induce cellular phenotypes comparable to natural infection.  Third, understanding the coop-
erative immunological responses that lead to protection, vs. those that lead to immunopathol-
ogy, will help limit the potential concern that next generation vaccine designs could enhance the 
risk for developing adverse events in special populations.  Key design issues that will require 
new scientific discoveries center on the role that novel vectors, gene selection, use of immune-
stimulatory adjuvant/sequences, altered solubility and stability of antigens (in vivo half-life), 
may have on enhanced protective immunity as well as immune-based reactogenicity.  Enhanc-
ing T and/or B-cell activation poses a significant challenge for emerging viral vaccines particu-
larly when immune responses to natural infection are poorly understood and vaccine immuno-
gen design attempts to achieve levels of response that are not clearly understood in the context 
of natural infection or prior antigenic experience of individuals receiving the vaccine, and the 
immunopathology that is known to occur following certain viral infections.  In this talk, we ex-
plore how the recent advances in immunology will impact development programs of next gen-
eration emerging viral vaccines and how new technology could provide a new means to identify 
potential problems in the effective induction of immunity and immune-based adverse events in 
select human populations. 
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Providing A Boost for Adoptive Immunotherapy of Cancer: The CD8+ T Cell 
Response to SV40-Induced Tumors 

 
Todd D. Schell and Christina M. Ryan 

The Pennsylvania State University College of Medicine, Hershey, PA 
 
 
 The mechanisms that promote successful immune-based therapies toward established 
cancers remain poorly defined.  We have used an autochthonous tumor model to investigate 
adoptive immunotherapeutic approaches to cancer.  Line SV11 mice develop choroid plexus 
tumors in the brain due to transgenic expression of the SV40 large T antigen (T Ag) oncogene.  
This potent oncoprotein is also the target of the CD8+ T cell (TCD8) response in C57BL/6 mice 
in which four epitopes, designated as sites I, II/III, IV and V, have been defined.  However, in 
SV11 mice, TCD8 specific for three of the four epitopes are eliminated during T cell develop-
ment due to T Ag expression in the thymus, leaving only a residual population of cells capable 
of targeting the immunorecessive epitope V.  We previously investigated the potential to target 
site V in SV11 mice with adoptive immunotherapy using T cell receptor transgenic T cells 
(TCR-V), but found that only a limited response was generated in vivo even when mice re-
ceived subsequent immunization.  In current studies, we have addressed how TCD8 accumulation 
can be amplified in SV11 mice bearing advanced-stage tumors by optimizing both the initial 
response toward the endogenous T Ag following adoptive transfer of TCR-V T cells and the 
response toward immunization.  The results reveal that the initial TCD8 response toward the en-
dogenous T Ag is dramatically enhanced by conditioning of mice with an anti-CD40 agonist 
antibody.  In addition, the timing of immunization after adoptive transfer was critical to achieve 
optimal levels of site V-specific TCD8.  However, neither of these approaches individually led to 
long-term maintenance of TCD8 in tumor bearing mice and had only a minor effect on tumor 
progression.  In contrast, combining these approaches led to prolonged survival of site V-
specific TCD8 in tumor-bearing mice and significantly increased control of tumor progression.  
These results demonstrate the potential to enhance an initially poor immunotherapeutic ap-
proach by targeting distinct phases of the TCD8 response.   
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Neonatal Hyperoxia Results in a Permanently Simplified Lung and  
Exacerbated Inflammatory Response to Infection with Influenza A Virus 

 

Shauna Marr1, Min Yee2, Michael A. O’Reilly1,2 and B. Paige Lawrence1 
Department of 1Environmental Medicine and 2Pediatrics, 

University of Rochester School of Medicine and Dentistry, Rochester, NY 
 

 

               Premature infants often require oxygen assistance for survival; however, as a result of 
this critical intervention many develop bronchopulmonary dysplasia (BPD). In fact, BPD is the 
most common form of newborn chronic lung disease, and is thought to result from arrested lung 
development caused by oxidative stress. While most infants with BPD recover, many suffer 
from increased airway reactivity and reduced lung capacity later in life. Recent epidemiologic 
studies show that children who have been exposed to elevated oxygen at birth, which is neces-
sary for their survival, are more likely to have viral infections, asthma, and more out-of-school 
sick days than children who were not exposed to oxygen. Thus, there is a great need to under-
stand how this intervention in the perinatal period causes long-lasting changes in immune regu-
lation within the respiratory tract. Unfortunately, rodent models for studying this disease do not 
exist. While investigating how short-term hyperoxia affects newborn mouse lung development, 
we discovered that their lungs remain simplified even after 8 weeks of recovery in room air. 
Using this model, we show that perinatal oxidative stress followed by recovery increases in-
flammation and alveolar damage upon infection with influenza virus. Enhanced macrophage 
and neutrophil infiltration into the airway is persistently elevated through day 9 of infection and 
correlates with elevated levels of MCP-1. In contrast, infection-associated changes in IL-1b, 
TNFa, KC, MIP-1a were unaffected.  These data suggest that the disruptive effects of hyperoxia 
on neonatal lung development also reprogram key innate immunoregulatory pathways in the 
lung, which may contribute to exacerbated pathology and poorer resistance to respiratory viral 
infections typically seen in children that were exposed to oxygen as neonates.  
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Establishing the Molecular Mechanisms of B Cell Receptor Internalization 
 

Kathleen McCabe, Mary Massimiano, James Drake 
Albany Medical College, Albany, NY 

 
 

 The B cell, a critical element of the adaptive immune response, recognizes specific anti-
gens via its B cell receptor (BCR). Composed of ligand binding (IgH/L) and signaling 
(CD79α/β) subunits, the BCR is responsible for both initiation of intracellular signals leading to 
B cell activation and presentation of bound antigen in the form of peptide-MHC class II, ulti-
mately eliciting T cell help. These two functions can be further divided based on the localiza-
tion of the BCR within the lipid membrane. The internalization of the majority of the BCR ap-
pears to occur through clathrin-coated pits (CCPs), which is a signaling independent event. 
BCRs are additionally found in lipid rafts (LRs), organized lipid domains that are crucial for 
BCR signaling because they contain many adaptors required for signal propagation. Conflict-
ingly, LRs have also been shown to be involved in internalization, suggesting that the BCR can 
enter the cell via two pathways for discrete purposes. 

We propose that BCR internalization by lipid rafts or clathrin-coated pits leads to 
divergent intracellular trafficking, resulting in specific, unique presentation of antigen on 
MHC class II.  We have taken two distinct approaches to discern the role for each method of 
internalization. To study CCP-mediated internalization, we are utilizing a previously estab-
lished model wherein an FcRII extracellular domain has been fused to a CD79α or CD79β cyto-
plasmic tail. CD79α and CD79β both signal though ITAMs; these domains consist of two Yxxφ 
motifs that additionally double as binding sites for AP-2, the adaptor required for CCP forma-
tion at the plasma membrane. We have begun mutagenesis work on the ITAMs in the BCR sig-
naling subunits and will characterize the endocytosis capacity of the mutants. Separately, we 
have found that some proteins present in BCR-containing LRs are ubiquitinated, a modification 
that has been implicated in receptor endocytosis, intracellular trafficking, and degradation. Fur-
thermore, we find that the BCR is preferentially enriched in the ubiquitinated LRs, an area that 
we are currently studying.   

Clarification of the role of lipid rafts and clathrin-coated pits in the processing and pres-
entation of BCR specific antigens will allow for further understanding of the B cell as an anti-
gen presenting cell. This, in turn, may contribute to future work in such areas as cancer biology, 
vaccination and autoimmune diseases.     
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Role of Aryl Hydrocarbon Receptor Activation in Dendritic Cell Function in 
Influenza Virus Infected Mice 

 
Guangbi Jin1, Joshua J. Neumiller2, B. Paige Lawrence1 

1Department of Environmental Medicine, University of Rochester, Rochester, NY 
 2Department of Pharmaceutical Sciences, Washington State University, Pullman, WA 

 
 
 The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor that is ex-
pressed in cells of the immune system. The AhR binds many different types of exogenous com-
pounds, including pollutants and phytochemicals. The pollutant 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD or dioxin) is the most potent AhR agonist known, and is a well known immune 
suppressant. However, the precise molecular mechanism remains unclear. We have previously 
shown that AhR activation by dioxin suppresses the proliferation and differentiation of influ-
enza virus-specific CD8+ T cells by disrupting events within bone marrow-derived cells impor-
tant for the activation of naïve CD8+ T cells. However, dioxin does not affect CD8+ T cell di-
rectly, suggesting that defects in other cells essential for activating CD8+ T cells are affected by 
AhR activation. In this study, we show that the suppression of influenza virus-specific CD8+ T 
cell responses by dioxin appears to be independent of CD4+ cells, suggesting that deregulated 
APC function underlies AhR-mediated decreases in the clonal expansion of virus-specific CD8+ 
T cells. To test this, we characterized the phenotype of DC present within lung, and examined 
their migration and function in secondary lymphoid tissue.  
 
Funded by NIEHS Grants R01ES10619 and K02-ES012409 to BPL. 
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Modulation of CD20 Expression in Rituximab-sensitive (RSCL) and  
Rituximab Resistant Cell Lines (RRCL) Using IL-4 and Bryostatin-1 

 
Ping-Chiao Tsai, Francisco J. Hernandez-Ilizaliturri, Scott Olejniczak, Naveen Bangia,    

Myron Czuczman 
Departments of Immunology and Medicine  

Roswell Park Cancer Institute, Buffalo NY 14263 
 
 
 While the use of rituximab in combination with chemotherapy resulted in an improved 
survival among various subtypes of B-cell lymphomas, a significant number of patients fail to 
respond or relapsed as a consequence of intrinsic or acquired resistance. A change in CD20 an-
tigen density expression is a potential mechanism to explain rituximab resistance. Moreover, 
several groups of investigators are focused in understanding the mechanisms that regulate 
CD20 expression and to develop therapeutic strategies to up-regulate CD20 expression (i.e. IL-
4, GM-CSF or Bryostatin-1). Up-regulation of CD20 in DB and Ramos cells by Bryostatin-1 
was found to be PKC and Erk dependent. In an attempt to characterize the mechanisms respon-
sible for rituximab resistance we developed several RRCL derived from rituximab-sensitive RL 
and Raji cells. We have demonstrated a significant down-regulation of CD20mRNA and CD20 
surface antigen in RRCL when compared to RSCL. In our present work we evaluated the 
mechanisms involved in the mRNA down-regulation of CD20 and the potential of IL-4 and 
Bryostatin-1 in modulating CD20 antigen expression among a panel of RRCL. To this end, 
RSCL and RRCL were treated with either 5ng/ml of IL-4 or 3 different doses of Bryostatin-1(1, 
3 or 5ng/ml). Nuclear and cytosolic extract were also obtained from RSCL RL and RRCL RL-
4RH after 24, 48 and 74 hrs exposure to IL-4 (5ng/ml) or control. Differences in the expression 
of key regulatory transcription factors for B-cell lymphocyte development (PU.1, Oct-2, Pax5, 
E2A and EBF) were studied by Western Blotting.  
 Previously, we found a significant down-regulation of CD20 antigen in the RRCL. An 
up-regulation of cytosolic and surface CD20 was detected in RRCL exposed to either IL-4 or 
Bryostatin by western blotting and flow cytometric analysis. Besides, a higher expression of 
Pax5, PU.1, EBF was found in nuclear fractions of RRCL when compared to RSCL. In vitro 
exposure of RRCL to IL-4 decreases the expression of PU.1, Oct-2, Pax5 and EBF in nuclear 
extracts from RSCL or RRCL when compared with controls treated cells. Our data suggest that 
rituximab resistance is associated with the up-regulation of transcription factors PU.1, Oct-2, 
Pax5and EBF and concomitant suppression of CD20 antigen. Future study of how these agents 
induce CD20 expression in RRCL will provide a potential means to reversing resistance to-
wards rituximab treatment. 
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Cytokine Adjuvants Enhance the Cognate Helper Function of Aged  
CD4 T cells 

 
Sheri M. Eaton, Alexander C. Maue, Seth L. Blumerman and Laura Haynes 

Trudeau Institute, Saranac Lake, NY 
 
 
 The elderly exhibit reduced responses to vaccinations, leaving them more susceptible to 
preventable infectious diseases such as influenza and pneumonia. When the aged are vacci-
nated, the resulting antibody titers are lower than those seen in younger individuals and the 
function of the antibodies produced is also diminished. We have examined how reductions in 
CD4 T cell function contribute to reduced humoral responses, using an adoptive transfer model 
which allows us to compare identical numbers of antigen-specific naive T cells from young and 
aged TCR transgenic (Tg) mice. Naive CD4 T cells from aged Tg mice exhibit significantly 
reduced cognate helper function, leading to reduced B cell expansion and differentiation and 
reduced antibody production, even in young hosts. The cognate helper function of these aged 
Tg CD4 T cells can be enhanced significantly by prior effector generation with a cytokine cock-
tail containing TNFα, IL-1 and IL-6 (T16) or by using this cocktail as an adjuvant for immuni-
zation. Using this cocktail, enhanced B cell responses, including significantly higher antibody 
titers, are observed. Gene expression analysis shows that T16 enhances CD40L expression by 
the aged CD4 T cells, possibly accounting for the enhanced cognate function. Importantly, this 
cocktail also enhances humoral responses in intact aged animals. These results suggest that the 
efficacy of vaccines for the elderly can be enhanced by use of appropriate adjuvants.  
 Supported by NIH grants AG21054 and AG02160 to LH. 
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Cells Expressing SV40 T Antigen Minimal Epitopes Stimulate Activated and 
Memory CD8+ T cells but Fail to Prime Naïve CD8+ T cells 

 

Beth A. Vigliotti, M. Judith Tevethia, Satvir S. Tevethia and Todd D. Schell 
Pennsylvania State University College of Medicine, Hershey PA 

 
 

The SV40 large tumor antigen (Tag) provides a well-characterized system to study 
CD8+ T cell responses to a known tumor antigen.  Immunization of C57BL/6 (H2b) mice with 
cells expressing Tag results in the hierarchal activation and expansion of CD8+ T cells specific 
for four distinct H2b-restricted Tag epitopes: I, II/III, IV and V.  These CD8+ T cells play an 
important role in the immune system’s control of Tag-expressing tumorogenic cells through 
recognition of Tag peptide epitopes bound to class I major histocompatibility complex mole-
cules.  Several studies have indicated that expression of minimal antigenic epitope alone in non-
professional antigen presenting cells (APCs) does not result in cross-priming of naïve CD8+ T 
cells.  Since targeting CD8+ T cells that recognize specific epitopes may be important for vac-
cine design, we developed cell lines expressing the minimal SV40 Tag epitopes in order to de-
termine their potential to cross-prime naïve CD8+ T cells and additionally, their ability to en-
hance antigen experienced CD8+ T cell responses.  Tag minimal epitope I (H-2Db restricted) or 
epitope IV (H-2Kb restricted) were expressed as minigenes in a C57BL/6 (H2b) kidney fibro-
blast lines transformed by mutant Tag, which lacks expression of epitopes I, II/III, IV,  and V.  
Additionally the Tag epitope IV minigene was expressed in cells transformed with a full length 
Tag variant retaining epitope I, but not the other three epitopes.  We show that the former cells 
were unable to induce primary CD8+ T cell responses against either epitope encoded by the 
minigenes, although cells co-expressing epitope IV minigene and epitope I-only Tag induced a 
response toward epitope I.  In contrast, minigene expressing cells efficiently expanded CD8+ T 
cells when administered at the peak of the immune response initiated by wild type Tag and, al-
though to a lesser extent, expanded memory CD8+ T cells.  These results suggest that the mini-
mal Tag epitopes are not cross-presented on host professional APCs, but that direct presentation 
of the minimal epitope in a non-professional APCs efficiently expands antigen experienced 
CD8+ T cells.  Current studies are investigating the consequences of antigen presentation by 
minigene-expressing fibroblasts on expansion and function of activated and memory Tag-
specific CD8+ T cells. 
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Does Fever-Range Whole Body Hyperthermia Affect Humoral Immunity? 
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Julie Ostberg, and Elizabeth A. Repasky 
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 While cancer vaccines can elicit both humoral and cellular immune responses against 
tumor cells, the response generated is usually not sufficient to reducing tumor load. Therefore 
clinically acceptable adjuvants, which help to boost immune responses, are necessary to en-
hance the efficacy of cancer vaccines. Preliminary and published data from our lab suggest that 
a mild heat treatment similar to the increased temperatures achieved during a fever may serve as 
an effective adjuvant.  We therefore hypothesize that combining treatment with fever-range 
whole body hyperthermia (FR-WBH, 39.5-40ºC for 6hrs) with a vaccine will enhance immune 
responses against a defined antigen. Previous studies suggested that chicken egg ovalbumin 
(OVA) in a vaccine can induce both humoral and cellular cytotoxic responses with an appropri-
ate adjuvant. Consequently, in this study, mice were treated with saline alone, FR-WBH alone, 
OVA alone and OVA  in combination with FR-WBH,  OVA emulsified in incomplete Freunds 
adjuvant (IFA), OVA emulsified in IFA and FR-WBH, or OVA emulsified with complete 
Freunds adjuvant (CFA). Mice were vaccinated on days 0 and 14. The FR-WBH was applied 
either immediately before or immediately after the vaccination. Serum was collected on day 21 
and OVA specific antibody responses were assessed by ELISA. In examining OVA specific 
antibody levels before and after hyperthermia using ELISA, we have observed that application 
of FR-WBH before OVA and OVA+IFA vaccinations both had decreased levels of OVA spe-
cific IgM and IgG1 production. Previous efforts in our lab revealed that FR-WBH increases an-
tigen specific immune responses at the site of the skin thereby enhancing epidermal dendritic 
cell (DC) migration out of the skin to draining lymph nodes. Therefore application of WBH be-
fore vaccination may decrease number of DCs available to collect and present antigen and 
maybe even inhibit antibody production as a result.  
 We also applied WBH after vaccinations and conducted the same analysis as above.  
Our data revealed that WBH after vaccination did not effect IgM or IgG1 production. However, 
we saw an increase in IgG1 levels for OVA+IFA group. Our ongoing ELISA experiments are 
examining whether WBH before or after vaccination will increase OVA specific IgG2a produc-
tion.   Thus far, these data are preliminary and we are actively involved in conducting additional 
experiments to verify the results described above.   
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Intra-tumoral Distribution of Therapeutic Monoclonal Antibodies 
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The clinical use of monoclonal antibodies (Mab) has revolutionized cancer treatment 
and has encouraged identification of additional biological therapies.  However, even upon ap-
parent remission following the use of Mab, cancer cells can often remain and result in tumor 
regrowth and metastasis.  Finding ways to increase the efficacy of treatment by blood-borne 
biological therapies including antibodies is therefore very important for increasing long term 
survival.  In this project, we are using rituximab as a model antibody and we are testing a novel 
heat-based strategy to increase its delivery in mice bearing human non-Hodgkin’s tumors that 
are known to express the surface antigen recognized by this antibody.  Non-Hodgkin’s lym-
phoma (NHL) refers to a group of cancers that arise from lymphocytes.  NHL occurs when ab-
normal lymphocytic cells, particularly B-cells, divide uncontrollably. CD20 is an antigen found 
on the surface of mature B-cells but not on progenitor stem cells found in the bone marrow. 
CD20 is also present in approximately 90% of malignant B-cells in NHL. The chimeric mono-
clonal antibody, rituximab, was developed to specifically target the CD20 antigen. It is pro-
posed that rituximab utilizes antibody-dependent cellular cytotoxicity (ADCC), complement-
dependent cytotoxicity (CDC), and apoptosis to induce cell death in the CD20 positive cells that 
it binds to. Our laboratory has found that heating tumor bearing animals to fever-range tempera-
tures has been shown to increase the number of perfused blood vessels in tumors. Thus, we hy-
pothesize that heating tumor-bearing mice to fever-range temperatures will increase blood per-
fusion into the tumor, leading to an increased uptake of rituximab in the tumors. To test this hy-
pothesis, human Raji B lymphoma cells are injected subcutaneously into SCID mice. Once tu-
mors of an appropriate size grow, half of the mice are given fever-range whole body hyperther-
mia, with the target temperature being 39.5 °C. The remaining mice serve as unheated controls.   
One hour after the final whole body hyperthermia time point, rituximab is injected intraperito-
neally into all mice.  Mice are then sacrificed at various time points in order to assess when 
maximal drug uptake occurs. Tumors are excised and samples are being analyzed using western 
blot and immunohistochemistry techniques in order to quantitatively and qualitatively examine 
the effects of heat on drug uptake.  Currently, we are measuring the results of these experiments 
and the data obtained will be presented.  
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Measurement of Tumor Interstitial Fluid Pressure Following Fever Range 
Whole Body Hyperthermia 

 
Seneca Thomas, Maegan Capitano, Peter Tunkey, Arindam Sen, and Elizabeth Repasky  
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 High tumor interstitial fluid pressure (IFP) is a symptom of disorganized/labyrinthine 
vasculature and has been shown to be a powerful barrier to the effective penetration of solid 
tumors by potentially therapeutic agents.  Circumventing this barrier may increase the effective-
ness of blood borne chemotherapies at lower dosages, yielding greater therapeutic results, with 
decreased toxicity associated side effects.   Our group has observed that fever range-whole body 
hyperthermia (FR-WBH) can significantly increase the number of perfused blood vessels within 
tumors (Xu et al., IJH, In Press), and therefore may lower IFP through modulation of fluid ac-
cumulation in the tumor microenvironment.  In the current study, we tested the hypothesis that 
FR-WBH would reduce tumor IFP through modulation of vascular perfusion.  To test this hy-
pothesis, we are using a syngeneic murine colon tumor model (CT-26 cells grown in BALB/c 
mice), to optimize the application of FR-WBH and document the persistence of the IFP re-
sponse.  All IFP measurements are being performed using a modified wick-in-needle technique.  

First, we compared the effects of Taxol, a well-characterized chemotherapeutic agent 
shown to reduce tumor IFP (Lu et al., Tumor Priming), with those of FR-WBH.  Tumor bearing 
BALB/c mice pre-treated with FR-WBH for six hours at 39.5 oC.  The effect on IFP was com-
pared to untreated controls and the Taxol treated group.  A similar, statistically significant de-
crease in IFP was observed for both FR-WBH and Taxol, the positive control.  The second ex-
periment was to determine the minimum duration of WBH required to elicit the observed de-
crease in IFP.  FR-WBH was applied for two, four, and six hours, and then compared to un-
treated controls.  The preliminary results showed a trend indicating the two and four-hour FR-
WBH treatments had a similar decrease in IFP.  These results were comparable to the com-
monly used six hour FR-WBH, however, the observed decrease was not statistically significant.  
The third parameter tested was the persistence of decreased IFP after administration of FR-
WBH.  FR-WBH was applied for six hours and IFP was measured at one hour and three hours 
post-WBH.  IFP was found to remain depressed at both time points.  To determine if high IFP is 
the underlying cause of the tumor/therapy barrier, future experiments involving tumor growth 
will be performed comparing FR-WBH and the concurrent administration of chemotherapies.  
With additional supportive studies, FR-WBH could become a powerful clinical tool assisting in 
the delivery of those therapies, which require more effective vascular penetration of solid tu-
mors. 
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 Fever-range whole body hyperthermia (FR-WBH) is a promising strategy that may help 
to control tumor growth through stimulation of anti-tumor immune cells and through thermo-
regulatory effects such as increased perfusion of tumor blood vessels, which could facilitate the 
delivery of both immune effector cells and chemotherapeutic agents to the tumor.   However, a 
major concern is the possibility of increasing metastatic spread through changes in perfusion of 
tumors or through other (as yet unknown) effects on the surface properties or other aspects of 
the biology of tumor cells.   Previously, it was found that FR-WBH did not affect the degree of 
metastasis to the lungs when 4T1 cells were injected orthotopically into the mammary fat pad.  
Here, we examined the influence of FR-WBH (39.5οC) or in vitro heat treatments on the experi-
mental metastasis of 4T1 murine mammary carcinoma using the method of tail vein injection of 
tumor cells.  

Six treatment groups were selected for the tail vein experiment.  They were as follows: 5 
BALB/c mice were inoculated intravenously (i.v.) with 1 x 106 unheated 4T1 cells, and were 
given FR- WBH 24 hours later; another 5 mice were given FR-WBH, and were inoculated i.v. 
with 1 x 106 unheated 4T1 cells 24 hours later; an additional 5 mice were inoculated i.v. with 1 
x 106 in vitro heated 4T1 cells, and were given FR-WBH 24 hours later; another 5 mice were 
given FR-WBH, and were inoculated with 1 x 106 in vitro heated 4T1 cells 24 hours later; an 
additional 5 mice were inoculated with 1 x 106 in vitro heated 4T1 cells; and the final 5 mice 
were inoculated with 1 x 106 unheated 4T1 cells.  All mice were sacrificed 16 days post 4T1 
inoculation.  The lungs were weighed and one to three lungs per group were digested and plated 
for a clonogenic assay. 

There was no detectable increase in lung tumor burden in any group that received FR-
WBH, before or after injection of cells.  Only 4T1 cells subjected to in vitro hyperthermic con-
ditions prior to i.v. injection resulted in an increased lung tumor burden.   The expression of 
several surface molecules that are thought to be important in the regulation of metastatic poten-
tial following in vitro heating are being examined to study the aforementioned result.  However, 
thus far there have been no observable changes in the expression of the selected molecules. 
Overall, these results suggest that FR-WBH does not contribute to the metastatic potential of 
i.v. administered 4T1 cells.  However, it is of interest that heating 4T1 cells in vitro prior to in-
jection (a non-physiologically relevant model of heating) does significantly increase lung tumor 
burden.   
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Thermal Regulation of IL-12 Production in Dendritic Cells  
 

Adrienne Kisailus and Elizabeth A. Repasky 
Department of Immunology, 

Roswell Park Cancer Institute 
 
 

Dendritic cells (DCs) can phagocytose antigen, migrate to draining lymph nodes, and 
activate antigen-specific T cells, often under conditions of inflammation. Because a temperature 
increase is one of the cardinal features of inflammation, we have speculated that the thermal 
component of the fever response may serve to help regulate dendritic cell activity, or may act as 
a “danger signal”. DCs activated in an inflammatory environment by infectious agents produce 
T- and B-cell stimulatory cytokines including IL-12 which is a cytokine that helps to skew T 
cells in the lymph node to a Th1 phenotype. Whether there is a role for elevated body tempera-
ture on dendritic cell activation and IL-12 production is a question being addressed in this labo-
ratory.   To study the effects of temperature on the production of IL-12 by dendritic cells, both 
bone marrow derived dendritic cells (BMDCs) and the dendritic cell line DC 1.2 were used as 
sources of DCs. To test the effect of febrile temperatures on  DC  IL-12 production, a 6 hour 
fever range thermal stress (39.5°C) was applied prior to or after the addition of the bacterial an-
tigen lipopolysaccharide (LPS) to determine the effect of on activation relative to when it is ap-
plied.  Dendritic cells were activated with 50 ng/mL of LPS, a fever range mild thermal stress 
was applied prior to or after activation with LPS, supernatants were collected at various time 
points up to 24 hours after activation, and IL-12 was assayed in the supernatants by ELISA.  
Pretreating the DCs with mild thermal stress appears to suppress the production of IL-12 by 
both DC 1.2 and BMDCs. Interestingly, application of mild thermal stress after LPS stimulation 
does not alter IL-12 production until much later time points in DC1.2 . Collectively, this data 
suggests that once an immune response is underway, as simulated by LPS treatment, elevated 
temperature may act as a signal to inhibit the production of inflammatory cytokines.  Mechanis-
tic studies to determine whether attenuation of LPS induced IL-12 release is dependant on a 
transcriptionally mediated events stimulated by the heightened thermal microenvironment are 
currently in progress. 
 
Supported by NIH P01 CAP14045 and ROI CA71599 
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B-1 cells Influence Neovascularization in the Wound Healing Process in Mice  
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 Wound healing is a complex phenomenon whose mechanisms are not fully understood. 
This process is characterized by the proliferation, migration and cellular differentiation. Many 
cellular types are recruited to the site of the lesion. However, there are no reports concerning 
the participation of B lymphocytes in tissue repair. B-1 cells differ from conventional B cells by 
their anatomical location, ontogeny, surface markers expression, production of antibodies and 
growth properties. B-1 cells are present in the peritoneal and pleural cavities and rare in the 
spleen and absent in the lymph nodes of adult mice. It has been reported that these cells secret 
large amounts of IL-10. Almeida et al (Inter Immunol, 2001:13, 1193) demonstrated that B-1 
cells proliferate in stationary culture of adherent peritoneal cells. Further that B-1 cells migrate 
to a non-specific inflammatory focus and differentiate into a macrophage like-cell. It has been 
reported that BALB/Xid mice do not have B-1 cells in their peritoneal and pleural cavities. Us-
ing this model, we have previously demonstrated that B-1 cells participate in the wound healing 
process since BALB/Xid mice have a delayed wound healing kinetics as compared with 
BALB/c and BALB/Xid reconstituted with B-1 cells. The mechanisms by which B-1 cells influ-
ence the wound healing process is not known. Herein we report that the kinetics of neovascu-
larization of the wound healing in BALB/Xid mice is delayed when compared with lesions in-
duced in BALB/c mice. The kinetics of neovascularization was evaluated in preparations immu-
nostained with anti-CD34 monoclonal antibody with the aid of the Metamorph software.  These 
data indicate that B-1 cells participate of the inflammatory phase of the wound healing process 
and influence neovascularization. The possible participation of IL-10 in the phenomenon was 
also investigated. Standardized lesions were made in the dorsal region of the footpad of the ani-
mals and the kinetics of the inflammatory response evaluated by dial thickness gage. Results 
show that BALB/Xid have an increased inflammatory response as compared to BALB/c mice 
(n=8, p<0,01). C57/BL6 IL-10 KO mice had an increased inflammatory response when com-
pared with C57/BL6 mice (n=9, p<0,001). However, the inflammatory response in C57/BL6 
IL-10 KO mice reconstituted with a purified suspension of B-1 cells had a similar inflammatory 
response as that observed in wild type mice.  The mechanisms which IL-10 influence these phe-
nomena remains to be uncovered. 
Supported by CNPq and FAPESP 
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IL-12 Treatment Alleviates Allergic Lung Inflammation in  
T-bet-/- Mice 
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 Allergic asthma is a chronic airway disease characterized by lung inflammation and re-
versible airway obstruction. Little is known about the underlying mechanisms in the develop-
ment of asthma, but it is well appreciated that dysregulated CD4+ T helper type 2 (Th2) cells 
initiate and perpetuate the disease. Many studies have shown that treatment with IL-12, a potent 
inducer of interferon (IFN)-γ, can suppress the Th2 hyper-response associated with allergic 
asthma. To elucidate the mechanism of IL-12 in the treatment of asthma, wild-type and T-bet-/- 
mice were used in a murine model of ovalbumin (OVA)-induced allergic lung inflammation. T-
bet is a T box transcription factor that controls the expression of IFN-γ. Since T-bet-/- mice 
have little endogenous IFN-γ production, we hypothesized that in the absence of T-bet, IL-12 
would have no effect. IL-12 treatment reduced pulmonary inflammation in WT mice as ex-
pected. Surprisingly, T-bet-/- mice treated with OVA and IL-12 also demonstrated reduced 
bronchoconstriction and reduced airway hyperresponsiveness after methacholine challenge 
compared with T-bet-/- mice treated with OVA only. Interestingly, we also observed a marked 
decrease in the levels of the pro-inflammatory cytokine IL-17 as well as CD4+ T helper type 17 
(Th17) cells in IL-12 treated T-bet-/- mice compared to wild-type, suggesting a role for Th17 
cells in this murine model of allergic lung inflammation. In an effort to elucidate the therapeutic 
mechanism of IL-12 in the absence of T-bet, intracellular cytokine staining demonstrated the 
presence of IFN-γ+ CD8+ T cells in the lungs of IL-12 treated T-bet deficient mice. Therefore, 
we conclude that the pulmonary immune response is pre-disposed towards a Th17 type in the 
absence of T-bet regulation and that IL-12 treatment suppresses Th17 cells through a T-bet-
independent, yet an IFN-γ-dependent mechanism. The results of this study will broaden the un-
derstanding of pulmonary inflammatory reactions. 
Supported by NIH grant RO1 AI41715 
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Mechanism of IL-12’s Suppression of VEGFR3 Expression on Tumor Vessels 
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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 by interferon-γ (IFN-γ).  Although IL-12 has 
been shown to be a promising therapy in mouse and human tumor models, how IL-12 exerts its 
anti-tumoral effect in vivo is still largely unknown.  This is being explored using B16, a 
C57BL/6-derived melanoma line we have transfected to express IL-12 (B16/IL-12), a system 
that provides constant, local production of IL-12 within the tumor microenvironment.   

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 expression of the angio-
genic vessel marker vascular endothelial growth factor receptor 3 (VEGFR3). We have shown 
that the failure to upregulate VEGFR3 on the vessels of B16/IL-12 is mediated by IFN-γ and 
that T cells are required for this effect. Using IFN-γ receptor knock out mice, we will use a 
bone marrow chimera system to assess whether the IFN-γ produced within the tumor directly 
affects the tumor vessel endothelial cells, or acts through the tumor infiltrating lymphocytes 
(TILs) to suppress VEGFR3 expression.  In addition to its anti-angiogenic effects, IL-12 also 
stimulates the immune system resulting in a marked increase in the number of TILs.  Compared 
to lymphocytes found in parental B16 tumors, these TILs have an increased number of IFN-γ 
producing cells per tumor, 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 potential therapeutic benefits of this cytokine while avoiding dangerous 
side effects. Future studies will address the function of IFN-γ simulated TIL chemokine produc-
tion, particularly IP-10 and MIG, and their possible role in directly affecting VEGFR3 expres-
sion on tumor vessels. 
 
Supported by NIH R01-CA28332          
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 Infection of the genital tract with Neisseria gonorrhoeae is characterized by an influx of 
neutrophils. However, approximately 30-50% of cases in women are asymptomatic for reasons 
that are poorly understood, and the immune response to natural infection is ineffective in pre-
venting repeated infection. The cellular mechanisms underlying the initial host-bacteria interac-
tions which lead to such divergent innate and specific immune responses are not understood. 
We have begun using a mouse genital tract infection model in which a neutrophil influx occurs 
in response to the bacteria without inducing specific protective immunity to a secondary chal-
lenge [B.T. Mocca, J.L. Giddings, W. Song, A. Abbas, and A. Jerse, 2006, Susceptibility to re-
infection by Neisseria gonorrhoeae in a mouse model of lower genital tract infection. ASM 
106th General Meeting Abstract #D-179]. To investigate the inflammatory cytokine  responses 
that might account for these divergent findings, we exposed naïve mouse splenic mononuclear 
cells, or human THP-1 monocyte-like cells, differentiated with phorbol myristate acetate, to ei-
ther whole N. gonorrhoeae (FA1090 or MS11 strains) or their outer membrane proteins, and 
assayed the supernatants for secreted cytokines by ELISA. Both strains of bacteria induced a 
proinflammatory cytokine response, including significant levels of IL-6, TNFα, IFNγ, and IL-
17 production from mouse mononuclear cells after 3 days of culture. THP-1 cells exposed to 
gonococci or OMP produced TNFα (alpha), IL-1β, IL-6, IL-8, and IL-23 within 1 day. Spleen 
cells from mice that had been previously immunized with N. gonorrhoeae antigens secreted 
higher levels of IFNγ and similar levels of IL-6, TNFα, and IL-17.  These results suggest that 
N. gonorrhoeae elicits a strong proinflammatory cytokine response from antigen presenting 
cells and T cells in naïve mice whereas Th1 responses revealed by IFNγ are preferentially 
stimulated in immunized animals. 
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 Dendritic cells (DC) play many important roles in immune responses against pathogens 
and tumors.  As the “sentinels of the immune system”, DC recognize pathogenic or inflamma-
tory signals and activate diverse components of the innate and adaptive immune responses.  Ac-
tivated DC can secrete pro-inflammatory and anti-viral cytokines in the earliest phases of an 
immune response.  DC also play a critical role in the subsequent activation of naïve T lympho-
cytes, thus acting at the interface between innate and adaptive immunity.  A delay in DC activa-
tion or impairment of DC function could substantially compromise the ability of an immune 
response to control an infection. 
 In our lab, we have previously demonstrated that the stress hormone corticosterone can 
significantly impair MHC class I presentation by DC as well as DC maturation and function.  
We have also shown that subjecting an animal to chronic psychological stress increases its sus-
ceptibility to viral infection.  This increased susceptibility is associated with a delay in the gen-
eration of an anti-viral CD8+ T cell response.  It is likely the effects of stress on anti-viral im-
mune function are due, in part, to neuro-endocrine-mediated impairment of DC activation and 
function. 

We are testing this hypothesis using a model in which mice were subjected to stress dur-
ing the early portion of an anti-viral immune response, before an epitope-specific T cell re-
sponse can be detected.  We have found that exposure to stress at early times post infection re-
sults in the delayed appearance of inflammatory lesions and reduced numbers of DC within 
draining lymph nodes.  Continuing studies are underway to determine the effects of stress on 
the function of specific DC subsets including conventional DC and interferon-producing plas-
macytoid DC.  Other ongoing studies in our lab (see Hunzeker et al.) have shown that corticos-
terone or stress impairs MHC class I cross-presentation and priming by CD8alpha DC.  Overall, 
the results from these studies will help elucidate the mechanisms that underlie stress-associated 
immunosuppression and clarify how neuro-endocrine processes can modulate the function of 
specific DC subsets.  This work is supported by PHS Grants AI49719 (RHB) and AI065702 
(MET, CCN, RHB).  MDE is supported by NIH Training Grant 2 T32 CA60395-11, Tobacco 
Settlement Funds from the Pennsylvania Department of Health, and The Huck Institute for Life 
Sciences. 
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 Expression of MHC class II in primary breast tumors correlates to a favorable prognosis 
for breast cancer patients, and loss of MHC class II expression occurs as cancers become metas-
tatic.  TS/A murine breast adenocarcinoma cells expressing class II transactivator (CIITA), the 
transcriptional activator of MHC class II molecules, are more immunogenic than wildtype TS/A 
cells, and are rejected in the majority of mice.  In mice that do not reject the modified CIITA-
TS/A tumor, CIITA and MHC class II expression are substantially decreased.  The mechanism 
for this downregulation is not known. We hypothesize that stromal cell-derived factor-1 (SDF-
1) signaling through the chemokine receptor CXCR4 downregulates MHC class II expression in 
breast cancer cells.  CXCR4 is overexpressed in breast cancers, and CXCR4 expression level 
correlates to invasiveness of the cancer.  Furthermore, SDF-1 is expressed in preferential sites 
of breast cancer metastasis (e.g. lung, liver, and bone).  SDF-1/CXCR4 signaling is therefore a 
key factor in breast cancer metastasis. We have demonstrated a correlation between MHC class 
II expression and invasiveness of human breast cancer cells, and are examining the link be-
tween SDF-1/CXCR4 signaling pathways and downregulation of CIITA and MHC class II ex-
pression. 
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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.  Although the live vac-
cine strain (LVS) of F. tularensis is significantly attenuated in humans, its use as a vaccine in 
the United States has not been approved because it provides incomplete protection against fully 
virulent type A strains and the mechanism responsible for it’s attenuation is unknown.  Previous 
work from our laboratory has demonstrated that UV-inactivated F. tularensis, when adminis-
tered intranasally in the presence of IL-12, provides protection in C57B/6 mice against the live 
vaccine strain of F. tularensis, which is still pathogenic in a murine model of infection.  Our 
focus is now to determine whether similar protection can be attained when mice are immunized 
with specific proteins from the bacterium.  FopA is a protein that is abundantly expressed in the 
outer membrane of F. tularensis and is therefore a potential candidate for use as a subunit vac-
cine against Francisella.  A His-tagged FopA-fusion protein construct was engineered and ex-
pressed in E. coli.  The resulting recombinant protein not only retained the heat-modifiability of 
its endogenous counterpart, but also specifically reacted with hyper-immune sera prepared 
against F. tularensis LVS.  A partially purified extract of recombinant FopA has been incorpo-
rated into liposomes, and its ability to provide protection against F. tularensis in a mouse model 
of infection is currently being assessed. (Supported by NIH Grant PO1 AI056320) 
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 Experimental autoimmune encephalomyelitis (EAE) serves as an animal model for the 
CNS inflammatory disorder multiple sclerosis (MS). We have previously shown that mice 
epicutaneously immunized (ECi) with myelin oligodendrocyte peptide (MOG) prior to disease 
induction are protected from EAE pathogenesis. To determine the cause of this protection, we 
performed microarray analysis on such ECi mice in order to identify any altered gene expres-
sion. Of the most differentially regulated genes was neuropilin-1 (Nrp1), a well known neuronal 
receptor. While Nrp1’s role in neuron chemorepulsion and axon guidance is well defined, its 
potential role in the immune system has only recently been noted. In two different studies, Nrp1 
has been described as essential for the formation of the immune synapse as well as a character-
istic marker for CD4+CD25+ T regulatory cells (Treg), suggesting a potential role for this recep-
tor in immune suppression.  
 To this end, we sought to further elucidate the role of Nrp1 in EAE. We confirmed our 
microarray findings through RT-PCR, further showing that Nrp1 expression in ECi mice was 
even higher than that of Treg cells. Additionally, we isolated naïve CD4+ cells from donor mice 
and retrovirally transfected them with an Nrp1-GFP expression vector. When these CD4+ cells 
were adoptively transferred into recipient mice, those receiving an Nrp1-GFP construct dis-
played reduced disease severity compared to mice receiving only a GFP construct. These find-
ings support the hypothesis of a role for Nrp1 in immunosuppresion and warranted further stud-
ies in an Nrp1 knock out mouse. 
 As Nrp1 is embryonically lethal, we utilized a Cre/Lox transgenic approach, with Cre 
under the control of the CD4 promoter, to specifically delete Nrp1 in CD4+ cells. Recently, we 
have successfully generated such CD4 Cre+/+ Nrp1flx/flx mice. As would be expected, EAE pro-
gression is more severe in these conditional knockout mice compared to wild type. Further-
more, we observe increased CD4+ and CD45+ cell infiltration into the CNS of conditional 
knockout mice compared to wild type. Taken together, Nrp1 appears to play an important role 
in the suppression of autoreactive CD4+ cells and may represent a novel target for future treat-
ment of MS. 
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    The HIV pandemic has led to increased knowledge of host-viral protein interactions in-
volved in pathogenesis, in an effort to reveal novel targets for antiviral therapy.  HIV incorpo-
rates host cell molecules, most notably major histocompatibility complex class II (MHC II) hu-
man leukocyte antigen (HLA)-DR into the viral envelope as it buds out of the infected cell.  
Previous studies have shown that the incorporation of HLA-DR (DR) into the virion envelope 
enhances virus infectivity and virus-mediated cell death.  The ability to study the effects of 
virion DR incorporation has been limited by the lack of naturally DR+ virus producer cells (e.g. 
A293T).  Most experiments have been performed by transiently transfecting the α and β chains 
of HLA-DR into these cells.  However, it was recently shown that when transiently transfected 
into HIV-producing cells, DR expression resulted in decreased virus production.  We consid-
ered that expression of additional components of the HLA-DR antigen presentation system, 
such as DM and invariant chain, might be required for efficient virus production.  The DR α 
and β chains, DM, and invariant chain genes are coordinately up-regulated by the MHC class II 
transactivator (CIITA).  Further, class II MHC expression on activated T cells is driven by 
CIITA.  Thus, we hypothesized that stable expression of CIITA in A293T cells (instead of tran-
sient transfection with the DR genes alone) would better reflect the in vivo scenario.  Such cells 
would express all the endogenous MHC II pathway components, express physiologically rele-
vant levels of HLA-DR on the cell membrane, and thus produce normal levels of infectious 
DR-positive virus.  To test this hypothesis, virus producer A293T cells were stably transfected 
with pcDNA3-CIITA, and cloned by limiting dilution assay to generate the F3-11 cell line.  In 
addition, cDNAs generated from F3-11 DRα, DRβ1 and DRβ5 RNA were cloned into pcDNA3 
and transiently transfected into A293T.  Our results demonstrate that the stable-CIITA-
expressing A293T cell line F3-11 express HLA-DR, DM, and invariant chain genes as demon-
strated by RT-PCR, flow cytometric analyses, and Western Blotting.  Virus production by the 
F3-11 clone was compared to that produced by transiently-transfected A293T cells by infec-
tious titer assays.  As hypothesized, the CIITA+, DR+ F3-11 cell line produces 5-10-fold more 
infectious DR-positive HIV particles than cells transiently-transfected with DR α and β.  These 
finding demonstrate that in addition to the DR α and β chains, products resulting from expres-
sion of CIITA (such as DM and Ii) are required for normal DR-positive HIV virus production. 
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Using Migration of Skin Dendritic Cells as a Measure of Radiation Exposure 
 

Ryan J. Cummings 
Elizabeth W. Sorensen, and Edith M. Lord 

University of Rochester, Rochester, NY 
 

 
 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 a unique subset of immune dendritic 
cells (DC) found in the epidermal layer of skin, called Langerhans cells (LC), and elucidate 
their responses to ionizing radiation. These cells are known to migrate out of the skin in re-
sponse to antigenic stimulation or exposure to ultraviolet radiation. Using the ear skin of a 
BALB/c mouse as a model, a method was developed mimicking the effects of a deliberate or 
accidental radiation exposure.  One ear was irradiated using a Cesium-137 source and at various 
times later, the densities of LC within the ear skin were examined by staining them with a 
FITC-conjugated anti-mouse MHC II antibody.  The cells were then visualized using a fluores-
cence microscope and the cell densities determined.  Since only the right ear was exposed to 
radiation, the left ear acted as a non-exposed, shielded control. The mice were exposed to vary-
ing doses (1, 5, 15, and 25 Gy) and the mice examined at days 2, 3, 4, 10, and 14 post radiation.  
To normalize the results, the density of MHC II + cells was quantified in 10 random fields of 
both the irradiated and control ears.  Those results were averaged and the ratio of irradiated over 
control was expressed as a percentage. 
 Using this assay, we verified that ionizing radiation triggered the migration of MHC II+ 
stained LC in a dose and time dependent manner.  The migration of these cells to the draining 
aricular lymph nodes was tracked by skin “painting” with fluorescein isothiocyanate (FITC) 
directly after radiation exposure.  Three days later, the irradiated and non irradiated draining 
aricular lymph nodes were visualized via fluorescence microscopy and flow cytometry for the 
presence of FITC and specific cell surface markers.  Beta-actin green fluorescent protein bone 
marrow chimeras reconstituted with wild type bone marrow will also be used to further visual-
ize the migratory effects ionizing irradiation has on skin DC. Finally, in vivo experiments are 
underway to track the migration of these cells using anti-MHC II and anti-Langerin cell mark-
ers injected intradermally which can be visualized in a viable subject using confocal micros-
copy.  Thus, this assay is an innovative method to detect radiation exposure that is both sensi-
tive 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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 The ontogeny and functions of B-1 cells in the immune system are still unclear and con-
troversial. B-1 cells differ from classic B lymphocytes (B-2) in many aspects: tissue distribution 
(mainly resident in peritoneal and pleural cavities), surface markers, development pathways and 
antibody repertoire. It has recently been described that B-1 cells have an important role in reac-
tions classically known to be T-cell-mediated (J. Immunol. 175:7170-8, 2005). Although the 
chronic rejection of allogeneic grafts is also considered to be mainly a T-cell-mediated immu-
nity, other cell types certainly contribute to the tissue elimination. Our objective was to assess 
whether B-1 cells are involved in the rejection of allogeneic grafts in mice. 
  Two transplantation techniques were performed using C57BL/6 mice as donors and 
BALB/c or BALB/Xid (a strain that lacks B-1 cells) as receptors: (i) Newborn split-hearts were 
placed in a subcutaneous pocket made in the receptor’s ear pinna and (ii) a 1 cm2 skin piece 
from the donor’s tail was transplanted to the dorsal region of the receptor. In both cases, ani-
mals were daily monitored until the day of rejection, which was defined when the implant could 
no more be visualized. Survival curves of heart-grafted BALB/c (n=7) and BALB/Xid (n=7) 
showed a significant (p=0,0031) delay in the rejection date in the BALB/Xid group. However, 
when BALB/Xid mice were reconstituted with a B-1 cell-enriched suspension (80% purity), the 
rejection dates between BALB/Xid (n=9) and BALB/c (n=8) exhibited no difference 
(p=0,7331). Consistently, survival curves of skin-grafted BALB/c (n=10) and BALB/Xid 
(n=10) also showed a delay in the rejection date in BALB/Xid group (p=0,0223). Again, when 
B-1 cells were injected in skin-grafted BALB/Xid mice (n=10), the difference in survival was 
abolished (p=0,2832)  when compared to BALB/c mice (n=10).  
 Since B-1 cells seem to have a role in the rejection process, an allograft stimulus could 
possibly yield proliferation of the B-1 cell population. However, flow cytometric analysis of 
peritoneal cells from mice with either iso (n=5) or allo (n=5) skin grafts showed no difference 
(p=0,1508) in the frequency of B-1 cells (CD11b+ and CD19+). 
 Although the number of B-1 cells remains the same after an allograft stimulus, graft sur-
vival data indicate that these cells participate in the rejection process in mice and their absence 
retards the elimination of the heterologous tissue. The mechanisms by which B-1 cells are in-
volved in rejection remain yet to be enlightened. 
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 Interleukin-1α (alpha) (IL-1α) unlike IL-1β (Beta), is synthesized as an active precur-
sor, does not require processing for full activity and remains predominantly intracellular.  IL-1α 
(alpha) has emerged to play an important role in augmenting intracrine production of proinflam-
matory cytokines. The nuclear form of IL-1α lowers the threshold of activation by inflamma-
tory cytokines and is suggested to play a role as an intracrine proinflammatory activator of tran-
scription. The direct ability of IL-1α to augment proinflammatory cytokine production is inde-
pendent of receptor engagement and is likely due to its unique interaction with the histone ace-
tyl transferase (HAT) complex p300/PCAF.  Our interest in IL-1α is related to its importance in 
modulating MMP-1 expression under both physiologic and pathologic conditions.  This study 
looks at the redox-sensitive molecular mechanism(s) involved in the regulation of IL-1α and its 
ability to increase MMP-1 expression. IL-1α expression is increased upon oxidant stress and 
this effect is enhanced upon TNF-α addition.  Immunoprecipitation assays also demonstrate an 
increase in interaction between IL-1α and p300, a HAT involved in MMP-1 transcription. In 
addition to an increase in p300-IL-1α interactions in response to TNF and oxidants, there is also 
an increase in Ets-1-p300 association. Ets-1 is a critical redox responsive transcription factor 
involved in the expression MMP-1. Chromatin Immunoprecipitation (ChIP) assays also show 
an increased recruitment of p300 to the MMP-1 promoter. These results suggest that the MMP-
1 promoter is a likely target of IL-1α and the redox-dependent expression of MMP-1 is mir-
rored by IL-1α which localizes to the nuclear compartment. This may indicate a role for IL-1α 
as a potent regulator of transcription by its ability to interact with DNA and participate in chro-
matin remodeling. 
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Mucosal immunity to Salmonella enterica serovar Typhimurium (S.Typhimurium) and 
Shigella flexneri is mediated by secretory IgA (SIgA) antibodies directed against the serotype-
specific O-antigen (O-Ag) of lipopolysaccharide (LPS).  The protective nature of these antibod-
ies has long been attributed to their ability to promote bacterial agglutination.  In this study, 
however, we demonstrate that Sal4, a monoclonal IgA against the O5 antigen of 
S.Typhimurium, is a potent inhibitor, under non-agglutinating conditions, of bacterial motility 
and invasion of epithelial cells.  Sal4’s inhibitory effects occurred rapidly (<15 min) and at anti-
body concentrations sufficient to coat less than 5% of the bacterial surfaces.  By-passing the 
need for motility and attachment in the invasion process by centrifugation of Sal4-treated bacte-
ria onto epithelial cell monolayers did not enhance bacterial uptake into host cells. This sug-
gests that Sal4 may affect the SPI-1 type-three secretion system (T3SS).  Indeed, treatment of 
S.flexneri with IgAc5, an O-Ag specific monoclonal IgA, drastically reduced secretion of IpaB 
by S.flexneri’s epithelial specific T3SS.  Finally, both Sal4 and IgAc5 elicited dramatic mor-
phological changes in the surface topology of the bacterial outer membranes (OM), suggesting 
that cross-linking of LPS by IgA may induce localized OM damage.  These data reveal a previ-
ously unrecognized capacity of SIgA to effectively disarm microbial pathogens on mucosal sur-
faces and explain in part why antibodies against the polysaccharide side chains of LPS are so 
effective at preventing enteric infections in vivo. 
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It has been established in our laboratory that B-1 cells, resident in peritoneal and pleural 
cavities, migrate to the acute inflammatory milieu and differentiate into macrophage-like mono-
nuclear phagocytes, which we call “lymphophage”. These data led us to investigate their par-
ticipation in Mycobacterium bovis bacillus Calmette-Guerin-induced granulomatous inflamma-
tion. 

Using flow cytometry, we assessed the presence of B-1 cells in collagenase-digested 
lung homogenates from three groups of intratracheally BCG-injected mice (~105 live bacteria 
per animal): BALB/c, BALB/Xid (a strain that lacks B-1 cells), and BALB/Xid adoptively 
transferred with cultured B-1 cells before infection (BALB/Xid+B-1). 20 days post-infection B-
1 cells (CD11b+CD19+) represented 1% of the total BALB/c mice pulmonary cells, whereas 
they were almost undetectable in lungs from BALB/Xid and BALB/Xid+B-1 mice. 40 days 
post-infection B-1 cells still were undetectable in homogenates from BALB/Xid and present in 
lungs from BALB/c, but were increased (~2.5% of total pulmonary cells) in BALB/Xid+B-1 
mice. Histological analysis showed that 7 days post-infection both BALB/c and BALB/Xid+B-1 
had focal lesions, as opposed to BALB/Xid, which had diffuse and slightly more intense inflam-
matory response. This was highlighted 40 days post-infection, when lesions were more intense 
in all groups. 

We also compared mice survival after BCG intratracheal infection in BALB/c, 
BALB/Xid and BALB/Xid. 165 days post-infection BALB/c mice were totally resistant, but 
BALB/Xid decreased to 58% and BALB/Xid+B-1 to 67% of their original populations. 

Further we evaluated the effect of the foot pad BCG inoculation (~106 live bacteria per 
animal) on the peritoneal cells after 24h, 48h, and 72h. 24h after infection the peritoneal macro-
phages experienced a 5% increase, which was followed by a 10% decrease from 48h to 72h in 
response to both saline and BCG. In contrast, B-1 cells were rapidly (24h) and ephemerally 
augmented in response to saline, but their BCG-induced peritoneal increase was later (48h) and 
persistent. 

In conclusion, we demonstrate that B-1 cells participate in BCG-induced pulmonary le-
sions and modulate their inflammation patterns. Also we show that the peritoneal cavity cells 
are rapidly mobilized after a homeostasis disturbance at the foot pad. More important, this mo-
bilization pattern is specific to the nature (infectious or non-infectious) of the disturbance. 
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The Effects of Metallothionein Gene Dose on the Course of Listerial Infection 
in Mice 
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        Metallothioneins (MTs) are small cysteine-rich proteins with a wide range of functions 
including ROS scavenging, chemokine activity, immunomodulation, essential cation manage-
ment and metal sequestration. MT-I and MT-II are the most widely studied isoforms. C57BL/6 
wild-type mice (WT), congenic MT-I/II knock-out mice (MTKO), and congenic MT-I trans-
genic mice (MTTG) were used to evaluate the effects of MT gene dose on antioxidant, chemo-
tactic, and immunomodulatory activities. Listeria monocytogenes is a Gram-positive bacterium 
that is pathogenic in all mammals, and is commonly used as a model of mammalian immune 
response to infection. Immuno-compromised individuals, neonates, and women in their third 
trimester are particularly vulnerable to listeriosis.  We have used an in vivo model of listeriosis 
to evaluate the effects of MT gene dose on the course of Listeria infection in mice. Our results 
suggest that either over-expression of MT or a lack of functional MT I and II will significantly 
alter the course of intravenous listerial infection. Both MTTG and MTKO mice showed signifi-
cantly lower Listeria burdens in both liver and spleen three days post-inoculation. A time 
course study suggested that this difference is most prominent in the first 48 hours of infection, 
after which Listeria clearance occurs at comparable rates in all three strains. Lymphocytes from 
MTKO mice exhibited both increased levels of surface thiols and increased apoptosis compared 
to WT and MTTG mice. DHR fluorescence assays revealed that lymphocytes from the MTTG 
mice exhibit an increased oxidative burst compared to both WT and MTKO strains. In vitro ex-
periments show that disruption of Mt1 and Mt2 genes decreases both IL2 and IFNγ production 
but increases IL4 production by mitogen-stimulated splenocytes, while overexpression of Mt1 
gene results in lower IL2, IL4, and IFNγ secretion compared to wild-type mice under the same 
conditions. In vivo experiments show that, in both MTTG and MTKO mice, Listeria infection 
decreased IL6 levels in both liver and spleen homogenates and TNFα levels in the spleen ho-
mogenate compared to WT. We also found that both disruption of Mt1 and Mt2 genes and over-
expression of Mt1 gene decrease immunoglobulin M production in vivo. Macrophages from 
both MTTG and MTKO mice exhibited increased oxidative burst compared to WT, suggesting 
another possible mechanism by which these strains maintain a lower Listeria burden in this 
model of infection. These results indicate that MT gene dose can have dramatic influences on 
the course of disease.  
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Surface plasmon resonance (SPR) is a technology that can measure minute changes in 
the optical properties of an aqueous medium close to a metal surface, represented by a shift in 
the SPR angle, allowing for the sensitive detection of changes in mass at that surface that result 
from the capture of molecules or cells.  Researchers have demonstrated the utility of SPR for 
highly sensitive biomolecular interaction analysis (BIA), but the traditional Kretschmann SPR 
configuration is limited in the number of analytes that can be detected simultaneously.  Grating-
Coupled Surface Plasmon Resonance Imaging (GCSPRI) technology represents a novel method 
for the simultaneous sensitive capture and specific identification of multiple analytes by em-
ploying specific antibodies immobilized on gold-coated sensor chips.  Over 1000 different cap-
ture molecules can be immobilized in microarray format on a single chip, allowing for the mul-
tiplexed detection of a very wide range of potential analytes from a given sample in real-time 
and in a label-free manner.  Experiments conducted in our lab demonstrate that GCSPRI is ca-
pable of sensitive and quantitative real-time detection of multiple analytes, including viral parti-
cles, bacterial and mammalian cells, proteins, nucleic acids, cytokines, toxins and small-
molecule toxicants.  In line with the requirements of a robust environmental biosensor, we have 
demonstrated the capability of a single GCSPRI sensor chip to detect multiple analytes in suc-
cession, simultaneously, and from a surrogate untreated environmental samples.   By reversing 
the configuration of the GCSPRI assay, immobilizing antigen and running anti-serum as sam-
ple, it is also possible to monitor pathogen- or toxin-specific seroconversion in order to identify 
previous exposure to such agents or to monitor a specific immune response resulting from vac-
cination.  By immobilizing specific substrates, it is also possible to measure enzymatic activity 
at the chip surface.  Finally, such applications can be combined on a single chip to allow for the 
capture and subsequent phenotypic and functional characterization of specific immune cells 
from serum or other clinical samples.  Next generation instruments currently under develop-
ment hold the promise of increased sensitivity and portability as well as decreased manufactur-
ing costs.   

Our results demonstrate that GCSPRI technology is capable of high-throughput, real-
time, label-free, sensitive detection of a broad range of analytes, highlighting the technology’s 
numerous potential applications in the fields of biosensor development for biodefense and envi-
ronmental monitoring, drug and vaccine development, clinical diagnostics, and basic immunol-
ogy research. 
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 Human monocytotropic ehrlichiosis (HME) is caused by Ehrlichia chaffeensis, a tick-
transmitted gram-negative intracellular bacterium. HME is a febrile illness characterized by fe-
ver, headache and malaise, and is accompanied by several hematological changes, including 
neutropenia, lymphopenia ,and thrombocytopenia. How these dramatic hematological abnor-
malities contribute to pathogenesis and/or immunity is not understood. Our experimental stud-
ies have used an ehrlichia closely related to E. chaffeensis, E. muris; the latter induces massive 
splenomegaly accompanied by a decrease in bone marrow cellularity during acute infection. 
Splenomegaly was primarily due to extramedullary hematopoiesis, dominated by erythroid pro-
duction, and granulocyte production. Concomitantly, 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. The high Sca-1 expression prompted us to investigate whether the progenitor cells were 
true HSCs. Preliminary studies using other markers for HSCs, CD150+, CD48-, CD51- revealed 
that during infection the HSCs were largely depleted within the bone marrow, but found at in-
creased frequencies in the spleen. These data suggest that ehrlichia infection mobilizes HSCs 
from the bone marrow to the spleen. Ongoing research will address the mechanism(s) whereby 
hematopoiesis is altered during bacterial infection, and how these changes contribute to immu-
nity. 
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