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Thursday, October 8, 2015 

Introductions 

 8:30 Lee Helman 
  Larry Samelson 

Session I: Lymphocyte Development  
Chair: Jon Ashwell 

 8:45 Remy Bosselut, National Cancer Institute 
 Critical Functions of Thpok in Post-thymic CD4 T Cells 

 9:15 Al Singer, National Cancer Institute 
 Determination of T Cell Specificity and Function in the Thymus 

 9:45 Avinash Bhandoola, National Cancer Institute 
 New Cells, Old Decisions: The Helper-Killer Split during Innate    
 Lymphocyte Development 

 10:15 Yousuke Takahama, University of Tokushima, Japan 
 Thymus-Dependent Positive Selection of T Cells 

  

 10:45 BREAK 

  

 11:15 Barbara Kee, University of Chicago 
 Transcriptional Control of Invariant NKT Cell Development and   
 Effector Fate Differentiation 

 11:45 Vanja Lazarevic, National Cancer Institute 
 T-bet Is a Key Regulator of the CD4+ Th17 Inflammatory    
 Program in Experimental Autoimmune Encephalomyelitis 

 12:00 Kristin Hogquist, University of Minnesota 

 Post-selection Maturation of T Cells in the Thymus 
 

12:30—1:30 LUNCH 



3 
 

Thursday, October 8, 2015 

Session II: Lymphocyte Signaling  
Chair: Al Singer 

 1:30 Jon Ashwell, National Cancer Institute 
 T Cell Alternative p38 Activation in Autoimmunity, Inflammation, 
 and Cancer 

 2:00 Larry Samelson, National Cancer Institute 
 Signaling at the TCR 

 2:30 Amnon Altman, La Jolla Institute for Allergy and Immunology 
 Novel CTLA4-PKC eta Signaling in Treg Cells: A Target for 
 Cancer Immunotherapy 

 3:00 Hyun Park, National Cancer Institute 

 Controlling T Cell Immunity by Common γ Chain Cytokine  
 Receptor Expression 

 3:15 Luca Gattinoni, National Cancer Institute 

 miR-155 Releases the Brakes on Antitumor T Cells 

 

 3:30 BREAK  

 

 4:00 Rafael Casellas, National Institute of Arthritis and Musculoskeletal  
  and Skin Diseases 

 Nuclear Events Driving Lymphocyte Activation 

 4:30 Richard Hodes, National Cancer Institute 
 The Role of Tumor Suppressor p53 in CD4+ T Cell Proliferation  
 and Repertoire 

 5:00 Mike Lenardo, National Institute of Allergy and Infectious Diseases 
 Gene Discovery Leads to New Targeted Therapies in Immunological 
 Diseases 
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5:30—7:00 Poster Session 

Friday, October 9, 2015 

Session III: Lymphocyte Biology 
Chair: Remy Bosselut 

 8:30 Wayne Yokoyama, Washington University School of Medicine 
 NK Cell Effector Responses 

 9:00 Paul Roche, National Cancer Institute 
 Control of MHC Class II Recycling and Turnover in APCs by  
 Regulated Ubiquitination 

 9:30 Eric Long, National Institute of Allergy and Infectious Diseases 
 Zinc-Induced Polymerization of Receptor for Signal Transduction 

 10:00 Romina Goldszmid, National Cancer Institute 
 Microbiota Regulation of Myeloid Cells in Cancer and Infection 

 

 10:15 BREAK  

 

 10:45 Dinah Singer, National Cancer Institute 
 The Role of BRD4 in Transcription and Thymic Development 

 11:15 Scott Durum, National Cancer Institute 
 IL-7 Pathway in Acute Lymphocytic Leukemia 

11:45  Vijay Kuchroo, Harvard 
 Single-Cell Genomics Identifies Novel Regulators of Th17  
 Metabolism and Function 

 12:15 Andre Nussenzweig, National Cancer Institute 
 Genomic Stability during Immunoglobulin Class Switching 
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Poster 1 

Heterologous Protective Immunity Can Lead to Impaired Activation, Memory 
Differentiation, and Inflation of New Naive Responses – Dr. Priti Agarwal 

Agarwal P., Kraft Anke R.M., Watkin Levi B., Kenney Laurie L., Daniels Keith, Chen Alex, 
Brehm Michael A., and Selin Liisa K. 

Department of Pathology, University of Massachusetts Medical School, 368 Plantation Street, Worcester 

Activation of crossreactive memory CD8 T cells leads to heterologous protective immunity. Here we 
question whether early activation of crossreactive memory CD8 T cells alters the activation of new naïve 
CD8 responses to the second virus. Pichinde virus (PICV) and lymphocytic choriomeningitis virus 
(LCMV) contain a crossreactive usually subdominant epitope, NP205, which differs in 6 of 8 amino 
acids. During PICV infection of LCMV-immune mice the NP205 memory response becomes 
immunodominant and mediates protective immunity. PICV is cleared early and does not persist. The 
usually dominant non-crossreactive new naïve PICV NP38 CD8 T cell response appears to be 
subdominant day 7 post infection. However, surprisingly over the next 100 days post infection the NP38 
response continues to gradually expand and then stabilizes. These NP38-specific CD8 T cells appear to 
arrest in an intermediate effector T cell phenotype (KLRG1low, CD62Llow IL-7Rhi), with altered 
functionality (decreased TNFalpha production). They appear to have altered expression of apoptotic 
genes on gene array. This NP38 inflationary response did not occur when mice were immunized with an 
LCMV mutant that did not present the crossreactive NP205 epitope. Our data shows that the strong 
crossreactive response kills DC’s expressing NP205 early (day 2–3) in PICV infection. This may result in 
an early termination of antigen-presentation leading to inadequate activation of the naïve NP38 response 
and inflation. 
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Poster 2 

Dissecting the Mechanism(s) of T Regulatory (Treg) Cell-Mediated Inhibition – 
Dr. Billur Akkaya 

Billur Akkaya, Munir Akkaya, Olena Kamenyeva, and Ethan Shevach 

National Institute of Allergy and Infectious Diseases, National Institutes of Health 

Tregs are critical mediators of peripheral immune tolerance. The mechanism (s) utlilized by Tregs to 
suppress immune responses, particularly in vivo, remain poorly defined. We have used antigen-specific 
inducible Tregs (iTregs) to inhibit T effector (Teff) cell expansion in vivo and to treat autoimmune 
diseases. As an initial approach to further define the mechanism of action of iTregs in vivo, we have 
developed flow cytometry and confocal microscopy assays to directly observe and quantitate the 
interactions between Treg, Teff cells, and dendritic cells (DC). Magnetically separated DC were loaded 
with OVA or PCC peptide and injected via the footpad the day before i.v. transfer of naive antigen-
specific T cells and antigen-specific iTregs. Co-transfer of iTregs inhibited antigen induced proliferation 
of the Teff cells and resulted in inhibition of CD44 upregulation. Co-transfer of iTreg with in vitro 
induced antigen-specific Th1 cells also resulted in inhibition of Teff cell proliferation, but failed to inhibit 
Teff cell cytokine production. Confocal microscopy of the popliteal lymph node revealed that the homing 
potential of iTregs was similar to that of conventional T cells. Surprisingly, co-transfer of a large excess 
of iTregs did not inhibit Teff-DC cluster formation. These findings suggest that adoptively transferred 
antigen specific iTregs can inhibit local immune responses in a way that cannot be simply explained by 
competition for space on the DC surface or by competition for antigen. 
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Poster 3 

Characterization of Differential B Cell Responses to BCR and TLR9 Stimulation – 
Dr. Munir Akkaya 

Munir Akkaya1, Ann S. Kim1, Hae-Won Sohn1, Javier Traba Dominguez2, Billur Akkaya3, Pietro 
Miozzo1, Mirna Pena11, and Susan K. Pierce1 
1Laboratory of Immunogenetics, National Institutes of Health/National Institute of Allergy and Infectious 
Diseases, Rockville, MD; 2National Institutes of Health/National Heart, Lung, and Blood Institute, 
Bethesda, MD; 3Laboratory of Immunology, National Institutes of Health/National Institute of Allergy 
and Infectious Diseases, Bethesda, MD 

B cells are key elements of adaptive immune response. However, they also possess a variety of pattern 
recognition receptors, which allow them to respond to innate immune stimuli. Toll like receptor 9 (TLR9) 
is among these pattern recognition receptors. In this project, we are investigating the effects of TLR9 
signaling and B cell receptor (BCR) signaling alone as well as the combination of both on various B cell 
functions. Our findings indicate that engagement of BCR and TLR9 trigger different intracellular 
signaling pathways and co-stimulation of both pathways did not significantly affect early signaling 
events. However, later responses including cellular proliferation, cytokine secretion, processing of antigen 
and expression of co-stimulatory molecules changed dramatically depending on whether the cell was 
stimulated through BCR or TLR9 alone or the combination of both. Additionally, we also investigated the 
role of this dual signaling in determining the metabolic status of the cell and our findings show that 
although both pathways introduce an increase in the general energy expenditure of the cell, the pathways 
involved show differences. Identification of which B cell processes can be differentially manipulated 
depending on the interaction of TLR9 and BCR stimulation may give clues on the individual role of B 
cells in a general immune response to pathogens. 
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Poster 4 

IL-15 Transpresentation Is Regulated by NK Inhibitory Receptors: A Novel 
Mechanism to Attenuate NK Cell Responses – Dr. Olga Anton-Hurtado 

Olga M. Anton and Eric O. Long 

Laboratory of Immunogenetics, National Institute of Allergy and Infectious Diseases, Rockville, MD 

Interleukin (IL)-15 is crucial for the development and maintenance of natural killer (NK) cells, a type of 
lymphocyte that can kill virally infected cells and tumor cells. The cytotoxic activity of NK cells is 
controlled by signaling through activating and inhibitory receptors. Human NK cells express inhibitory 
killer cell Ig-like receptors (KIR) and CD94-NKG2A, which bind to histocompatibility molecules HLA-C 
and HLA-E, respectively. The IL-15 receptor consists of three subunits (a, ß and γc). In vivo, there is no 
detectable IL-15 in circulation, as it is always expressed as a complex with the IL-15Ra chain. 
Furthermore, IL-15 has to be presented in trans by cells that express the IL-15Ra-IL-15 complex, such as 
dendritic cells and macrophages, to cells expressing the ß and γc chains (shared with the IL-2 receptor). 
This transpresentation is a very unique characteristic of IL-15 mediated responses. Our hypothesis was 
that, since IL-15 stimulation occurs in the context of cell-to-cell contacts, it may be subjected to 
regulation by activating and inhibitory NK receptors. Our studies showed that proliferation of primary 
NK cells in response to transpresented IL-15 was independent of adhesion receptors (such as LFA-1) but 
reduced by co-engagement of inhibitory KIR–HLA-C interactions. Inhibitory KIR–HLA-C interactions 
did not reduce the proliferation induced by soluble IL-15. Similarly, proliferation of the NKG2A+ cell 
line NKL induced by IL-15 transpresentation was inhibited by HLA-E. Therefore, transpresentation of 
IL-15 is subject to down-regulation by HLA-specific inhibitory receptors. Co-engagement of CD94-
NKG2A inhibited the mTOR-AKT-S6 kinase-dependent pathway (responsible of cell proliferation) but 
not the JAK-Stat5 pathway (responsible of cell survival), indicative of a selective modulation of the 
signals induced by IL-15 transpresentation. Microscopy experiments showed that the IL-15Ra-IL-15 
complex is accumulated at the NK-presenting cell synapse. IL-15Ra was distributed at the periphery of 
activating NK immunological synapses but was evenly distributed across inhibitory synapses. With time, 
the IL-15Ralpha on the presenting cell is picked up by, and internalized in the NK cells. FRET 
experiments showed that the internalized IL-15Ralpha/beta-IL-15 complex is still able to signal from the 
NK endosomal compartment. Future experiments will lead to elucidate the importance of the IL-15Ra 
trans-endocytosis process in IL-15 mediated responses. Together, these findings demonstrate a novel 
mechanism to attenuate IL-15 dependent NK cell proliferation and suggest that inhibitory NK cell 
receptors contribute to NK cell homeostasis.   
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Poster 5 

Evidence that Food Proteins in Vaccines Cause the Development of Food 
Allergies and its Implications for Vaccine Policy – Mr. Vinu Arumugham 

Vinu Arumugham 

Nobel Laureate Charles Richet demonstrated over a hundred years ago that injecting a protein into 
animals or humans causes immune system sensitization to that protein. Subsequent exposure to the 
protein can result in allergic reactions or anaphylaxis. This fact has since been demonstrated over and 
over again in humans and animal models. Many vaccines and injections contain food proteins. Many 
studies since 1940 have demonstrated that food proteins in vaccines cause sensitization in humans. 
Allergens in vaccines are not fully disclosed. No safe dosage level for injected allergens have been 
established. As a result, allergen quantities in vaccines and injections are not regulated. Allergen 
quantities in vaccine excipients are also not regulated. It has been demonstrated that a smaller quantity of 
allergen is needed to cause sensitization than elicitation. It is well recognized that many currently 
approved vaccines have enough allergen to cause anaphylaxis. Therefore, they contain more than enough 
allergen to cause sensitization. Children today have fewer childhood infectious diseases. They have less 
exposure to helminths. C-section birth rates have increased in the last few decades by 50%. C-section 
births are known to result in sub-optimal gut microbiome in the newborn. All the above result in an 
immune imbalance biased towards atopy. Vaccine schedules today include 30-40 shots. Up to five shots 
may be simultaneously administered in one sitting. Vaccines contain adjuvants such as pertussis toxins 
and aluminum compounds that also bias towards allergy. Adjuvants also increase the immunogenicity of 
injected food proteins. This combination of atopic children and food protein injection along with 
adjuvants, contributes to millions developing life-threatening food allergies. Given the scale and severity 
of the food allergy epidemic, urgent action is needed to change vaccine policy concerning vaccine 
specifications, manufacture, vaccine package insert documentation requirements, the Vaccine Adverse 
Event Reporting System (VAERS) and the National Vaccine Injury Compensation Program. Many 
researchers have called for the removal of food proteins from vaccines and re-evaluation of adjuvants 
such as aluminum compounds. In the interim, food allergy warnings can be included in vaccine package 
inserts. Simultaneous administration of multiple vaccines can be stopped to avoid the combined negative 
effects of multiple food proteins and adjuvants. 

I would like to acknowledge informative discussions with Dr. Polly Matzinger, National Institutes of 
Health (NIH)/National Institute of Allergy and Infectious Diseases (NIAID) and Dr. Calman Prussin, 
NIH/NIAID. 
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Poster 6 

Deletion of the IFN-gamma 3' UTR AU-Rich Element Results in Autoimmune 
Cholangitis in Female C57/BL6 Mice – Dr. Heekyong Bae 

Heekyong Bae1, Julio C. Valencia1, Deborah L. Hodge1, Michael E. Sanford1, Charlotte A. Hanson1, 
Tim Back1, Megan Karwan2, Dechun Feng3, Bin Gao3, Ogyi Park4, Koichi Tsuneyama5, 
Patrick S. Leung6, M. Eric Gershwin6, and Howard A. Young1 
1Laboratory of Experimental Immunology, Cancer and Inflammation Program, Center for Cancer 
Research, National Cancer Institute at Frederick, Frederick, MD; 2Laboratory of Animal Science, 
National Cancer Institute-Frederick, Frederick, MD; 3Laboratory of Liver Diseases, National Institute on 
Alcohol Abuse and Alcoholism, Rockville, MD; 4The Russell H. Morgan Department of Radiology and 
Radiological Science, Johns Hopkins University School of Medicine; 5Department of Molecular and 
Environmental Pathology, The University of Tokushima Graduate School; 6Division of Rheumatology, 
Allergy and Clinical Immunology, University of California at Davis School of Medicine, Davis, CA 

Primary biliary cirrhosis (PBC, now called autoimmune cholangitis) is an autoimmune liver disease and 
occurs primarily in women (> 90%), eventually leads to liver failure. IFN-gamma is elevated in patients 
with PBC, but the functional role of IFN-gamma on PBC is not known. Here, we characterized the 
distinctive pathological phenotype of PBC in a mouse model of chronic IFN-gamma expression generated 
by deletion of the IFN-gamma 3' UTR AU-rich element (ARE-Del). Consistent with clinical features seen in 
PBC, female ARE-Del mice have moderate immune cell infiltration and bile duct destruction near hepatic 
portal tracts with dramatically upregulated bile acids and spontaneous production of anti-mitochondria 
antibodies in serum. In contrast, male ARE-Del have relatively mild histological and serological evidences 
of PBC compared to female ARE-Del. By focusing on genes whose expression is highly specific to female 
ARE-Del, type I interferon receptor and dendritic maturation are top upstream pathways for this female 
specific disease progression. Remarkably, deletion of the interferon a/b receptor in ARE-Del mice 
significantly suppressed the female-specific pathological phenotypes, specifically eliminating the 
sex-different phenotypes in PBC. Furthermore, female ARE-Del have notably increased plasmacytoid 
dendritic cells (pDC), specialized in massive secretion of type I interferon (IFN alpha and beta), suggesting 
that increased type I interferon via pDC is critical for the sex-difference in this disease progression. Taken 
together, the ARE-Del is the first mice model to present the sex differences seen in PBC and startlingly 
demonstrates how type II interferon coordinates with type I interferon in this disease progression. 
  



Frontiers in Basic Immunology 2015  14 October 8-9, 2015 

Poster 7 

Experimental Periapical Lesion Triggers Depressive and Anxiety-Like Behaviors 
and Changes in Hypothalamic-Pituitary-Adrenal Axis – Prof. Tatiana Barichello 

Tatiana Barichello1,2, Soraia Netto1, Lutiana R. Simöes1, Jaqueline S. Generoso1, Diogo Dominguini1, 
Alan R. Prossin2, Monique Michels1, Felipe Dal-pizzol1, Samira Valvassori1, and Joáo Quevedo1,2 
1Universidade do Extremo Sul Catarinense, UNESC, Criciúma, SC, Brazil; 2Department of Psychiatry 
and Behavioral Sciences, The University of Texas Health Science Center at Houston, Houston, TX 

A periapical lesion is a chronic inflammatory process triggered by a bacterial infection of the pulpal and 
endodontic microenvironment. During this process, pro-inflammatory cytokines are peripherally 
produced and can potentially act on the brain to subsequently trigger behavioral changes. In our study, 
adult male Wistar rats were subjected to experimental periapical dental lesions. The animals were divided 
into four groups: control/saline, control/imipramine, periapical lesion/saline, and periapical 
lesion/imipramine. Imipramine (10 mg/kg) or NaCl sterile solution were administered intraperitoneally 
once daily for 14 days. Three weeks after induction of the periapical dental lesion, animals were subjected 
to specific behavioral tasks. Thereafter, the animals were sacrificed and cytokines were quantified from 
hippocampal and prefrontal cortical specimens. Levels of ACTH and corticosterone were quantified from 
whole blood samples. In the periapical lesion/saline group, sucrose consumption decreased compared to 
control/saline group. In the forced swim task, the periapical lesion/saline group was observed to have 
more time in immobility compared to the control/saline group. In the elevated plus-maze the periapical 
lesion group had an increase in the number of entries and spent more time in the closed arms. In the 
hippocampus and frontal cortex tumor necrosis factor-α (TNF-α), interleukin-1 beta (IL)-1β, IL-6, and 
ACTH levels were higher in the periapical lesion/saline group compared to other groups. Additionally, 
animals treated with imipramine had lower levels of IL-1β and ACTH. In summary, the data presented in 
our animal model identifies induction of depressive- and anxiety-like behaviors (and their 
pathophysiologic correlates) following induction of a specific dental lesion. These behaviors (and the 
associated pathophysiologic findings) closely mirror findings from clinical research in depressive illness, 
and, in our model, were absent in response to imipramine treatment.  
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Poster 8 

Inhibition of the T-cell Oxygen Sensing Machinery Promotes Anti-tumor Efficacy 
– Mr. David Clever  

David Clever1,2, Rahul Roychoudhuri1, Michael Askenase3, Yasmine Belkaid3, and Nicholas P. Restifo1 
1Surgery Branch, Center for Cancer Research, National Cancer Institute, Bethesda, MD; 2Medical 
Scientist Training Program, The Ohio State University College of Medicine, Columbus, OH; 3Program in 
Barrier Immunity and Repair, Mucosal Immunology Section, Laboratory of Parasitic Diseases, National 
Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD  

Mechanisms of immune tolerance can also be co-opted by tumors to subvert anti-tumor effector T cell 
responses. The lung represents a unique anatomic tissue of pronounced immune tolerance where T 
lymphocytes do not mount effector responses under steady state conditions despite continual exposure to 
innocuous foreign antigens. We hypothesized that a cell intrinsic mechanism by which T lymphocyte 
behavior is modulated to promote local immune suppression within the lungs can be inhibited to promote 
anti-tumor T effector responses. Here, we demonstrate that the family of prolyl-hydroxylase (Phd) 
proteins promote T cell tolerance in the lung and limit anti-tumor T cell responses throughout the body. 
Prolyl-hydroxylase isoforms 1, 2, and 3 functioned redundantly as oxygen sensors in T lymphocytes and 
enabled environmental oxygen to limit effector differentiation in vitro and in vivo. Mice with a T-cell 
specific deletion of all three Phd proteins (Phd-tKO) developed spontaneous Th1-mediated 
immunopathology in the lungs. Phd-tKO CD4+ T lymphocytes activated under normoxic conditions or 
wild-type T cells activated under oxygen-deprivation conditions exhibited reduced specification into T 
regulatory cells (Treg) and instead defaulted to a Th1 program as revealed by whole transcriptome RNA-
sequence profiling and induction of Tbet and IFNγ protein expression. This predisposition to effector cell 
specification in the absence of Phd protein expression or under oxygen deprivation was dependent on the 
functional expression of the hypoxia inducible proteins HIF1α and HIF2α. Importantly, genetic or 
pharmacologic inhibition of the Phd proteins in tumor antigen-specific CD4+ T cells promoted anti-tumor 
efficacy in murine models of adoptive cell transfer immunotherapy as indicated by increased tumor 
clearance and improved overall survival of tumor-bearing mice. These findings establish the oxygen 
sensing Phd proteins as a T cell intrinsic regulatory node in immune homeostasis that may be targeted 
genetically or pharmacologically to promote anti-tumor immune responses.   
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Poster 9 

Discovering Transcriptional Controllers of Thymic Epithelial Cell Development – 
Dr. Jennifer Cowan 

Jennifer Cowan and Avinash Bhandoola 

T-Cell Biology and Development Unit, Laboratory of Genome Integrity, Center for Cancer Research, 
National Cancer Institute, National Institutes of Health 

The highly specialized microenvironment of the thymus facilitates the developmental program of a 
functional T cell repertoire. Thymic epithelial cells (TEC) form the framework of this critical immune 
site, anatomically separated into cortical and medullary thymic regions, consisting of phenotypically 
distinct TEC populations. Disruptions to TEC development can result in perturbed T cell differentiation 
and dysregulated immune responses. However, relatively few transcription factors are presently identified 
as important in TEC. Using gene expression analysis and chromatin immunoprecipitation (ChIP)-
Sequencing methods on isolated mouse TEC subsets, we hope to identify transcription factors that 
potentially play important roles in TEC development and function. This will initially be accomplished by 
an assessment of expression levels, together with identification of chromatin marks associated with active 
enhancers. Candidate genes will be targeted for genetic manipulation in mouse models, enabling further 
investigation of their potential roles as key regulators of TEC lineages. In addition, we are using a TEC-
specific reporter mouse model to visualize TEC subsets via confocal microscopy within whole thymus 
tissue sections, to explore in greater depth their proportions and anatomical locations. We eventually hope 
to achieve a better understanding of the molecular controls of TEC development and lineage 
differentiation, increasing our knowledge of this highly specialized cell type, crucial for the establishment 
of a functional immune system. 
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Poster 10 

Exploring Potential Synergy between IL-7Ralpha Mutation and Other Genetic 
Mutations in T-ALL – Dr. Sarah Cramer 

Sarah Cramer1, Julie Hixon1, Emilee Senkevitch1, Caroline Andrews1, Joao Barata2, Wenqing Li1, and 
Scott Durum1 
1Laboratory of Molecular Immunoregulation, Cancer and Inflammation Program, National Cancer 
Institute, Frederick, MD; 2Instituto de Medicina Molecular, Lisbon, Portugal 

T-cell acute lymphoblastic leukemia/lymphoma (T-ALL) composes approximately 15% of ALL cases 
and most commonly presents as a thymic mass in adolescent males. Genetic mutations in T-ALL vary, 
but gain-of-function mutation in IL-7Ralpha is present in approximately 10% of pediatric cases. IL-
7Ralpha mutation occurs together with mutations in other genes and promotes T cell transformation, 
proliferation, and survival. With the heterogenous mutation profile of T-ALL, it is not known which 
additional mutations act with IL-7Ralpha to drive leukemia formation. We plan to determine which genes 
(if any) synergize with IL-7Ralpha mutation. To start, we will focus on combining mutations in IL-
7Ralpha and the following genes: TLX3/HOX11L2, HOXA, NOTCH1, LMO2, NRas, and p53. 
TLX3/HOX11L2 and HOXA are likely synergistic targets because T-ALL subgroups with these 
mutations are enriched in tumors with IL-7Ralpha mutations(1). NOTCH1, LMO2 and NRas may play a 
role in the evolution of pre-leukemic stem cells to leukemic stem cells. Lastly, we have shown that 
introducing IL-7Ralpha mutation to the p53-/- cell line, D1, induces leukemia; p53 mutation could 
synergize with IL-7Ralpha in some cases of T-ALL. Discovering pathways that synergize with mutant IL-
7Ralpha will aid development of targeted therapies for T-ALL treatment. 1. P. P. Zenatti et al. Nature 
genetics 43, 932-939 (2011). 
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Poster 11 

Watching Single Molecules at Work in Living B Cells – Dr. Marei Dose 

Marei Dose1*, Jianliang Xu1*, Evan Stevens1*, Ewy Mathe1, Zhe Liu2, Hari Shroff3, and Rafael Casellas1 
1Genomics and Immunity Section, National Institute of Arthritis and Musculoskeletal and Skin Diseases, 
National Institutes of Health; 2Janelia Research Campus, Howard Hughes Medical Institute; 3Section on 
High Resolution Optical Imaging, National Institute of Biomedical Imaging and Bioengineering, National 
Institutes of Health 

With the advent of NGS technologies, extraordinary progress has been made in refining our 
understanding of cell-state transition phenomena like cell differentiation and activation on the molecular 
level. Today a plethora of "-omics" afford us a bird's eye view of the epigenome in unprecedented detail. 
However, it remains largely unknown to what extent such population-level observations relate to 
individual cells and - within the cell - to the kinetic behavior of single molecules, particularly 
transcription factors, that ultimately determine cell fate. Recent advances in high-resolution optical 
imaging make it possible to observe single molecules 'on the job' in living cells to answer key questions 
about residence time, target search mode or protein-protein interactions. Apart from advancing the 
knowledge base, such information could reveal unexpected and/or unexplored targets for drug design or 
repurposing. Here we describe an approach to apply this novel method to study B cell biology. Live cell 
single molecule imaging requires gene fusion with a tag that binds a fluorescent ligand. To achieve this, 
we used CRISPR/Cas9 based genome engineering to knock HaloTag into genes of interest. We confirmed 
our ability to detect the resulting fusion proteins with TMR conjugated HaloLigands. Single molecules 
were visualized with low laser intensity at 100x magnification, and residence times were gleaned from 
tracking single molecules across many frames with image analysis software. For a set of transcription 
factors we detected a fast (half life around 1 second) and a slow (half life of several seconds or longer) 
component, in good agreement with published data for Sox2 (Chen et al., 2014). These observations 
instill confidence in our approach and we discuss our initial findings in the context of recent proposals 
linking residence time with genomic footprinting depth (Sung et al., 2014). As a next step, we are 
generating mice carrying HaloTag fusion proteins to assess transcription factor binding behavior in 
primary B-cells across a time course of activation. Ongoing experiments using this approach are likely to 
add a new dimension to our understanding of B cell activation and AID targeting. *equal contribution  
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Poster 12 

Immunomodulation: An Immunodynamic Empowerment of the Defense System – 
Dr. Lavkush Dwivedi 

Dr. Lavkush Dwivedi 

Institute of Biomedical Sciences, Bundelkhand University, Jhansi, UP, India 

Infectious diseases and consequent immune imbalances are a major constraint in human health management 
throughout the world. Though, allopathic treatments are in operation as effective means of control, but due 
to limited availability and growing drug resistance, the results have not been very satisfactory. As a result, 
the immunomodulation and Immunopotentiating approaches, empowering to our self immune system got 
serious attention in the last couple of decades as active methods of treatment. Several medicinal plants have 
been evaluated for their immunomodulation potential. In our recent study on Madhuca longifolia a very 
good immunomodulatory activity has been reported in mice. Moreover, the imbalanced immune regulation, 
such as enhanced expression of SOCS genes has also been reported to be controlled by the Hypericum 
perforatum. Likewise, several other studies in this area have emphasized on the importance of immune 
empowerment against the pathogens. As, the Immunomodulation holds great promises with their use in 
Immunostimulation, Immunosuppression, Immunopotentiation and Immuoreinforcement. Some of them 
with suitable examples shall be discussed at length during the presentation. 
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The lack of known immune correlates of protection has been a major hurdle for the development of 
effective vaccines against various disease models. What is urgently needed are novel readout methods and 
advanced technologies for the characterization of rare antigen-specific responses induced by protective 
vaccines. The first step is to establish a broad cytokine profile of antigen-specific responses in ex vivo 
stimulated PBMCs using a multiplex testing platform (Mesoscale). The work presented here applies an 
integrated approach to the characterization of vaccine-induced responses. The second step consists of a 
combined technology (automated magnetic bead separation and flow cytometry): we are enriching 
activated, antigen-specific cells. We are then analyzing these cells based on their lineage, activation and 
differentiation state by flow cytometry. Combining these state-of-the art technologies, we expect to 
generate unprecedented insights into vaccine-induced protective immune mechanisms. 
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Fatigue is one of the most debilitating side effects of cancer and cancer therapy, and it persists long after 
treatment completion. In this study, we aimed to investigate changes in immunological markers in 
fatigued men receiving external beam radiation therapy for non-metastatic prostate cancer. A sample of 
34 men with prostate cancer scheduled to receive radiation therapy were followed at baseline and one 
year after treatment completion. Demographic and clinical data were obtained by chart review. The 
Functional Assessment of Cancer Therapy-Fatigue (FACT-F) was administered to measure fatigue levels. 
Gene expression profiles were determined using microarray analysis and analyzed using Partek Genomics 
Suite 6.6 as well as Ingenuity Pathway Analysis. At one year after EBRT completion, 34% of subjects 
continued to experience persistent fatigue. Microarray analysis of blood samples collected one year 
following radiation therapy revealed 44 genes that were differentially expressed between fatigued and 
non-fatigued subjects. The main disease networks identified by pathway analysis are related to cancer 
pathophysiology. Compared to non-fatigued subjects, there was an increase in expression levels of the 
decoy receptor TRAIL-R3 in the fatigued group. Interestingly, the ligand of this receptor, TRAIL, is also 
significantly upregulated in fatigued subjects. Evidence of the involvement of cancer disease networks as 
well as the concomitant upregulation of TRAIL and its decoy receptor suggest that fatigue and cognitive 
impairment may be more than distressing side effects of cancer treatment. Instead, these symptoms may 
serve as behavioral indicators of the underlying disease status in cancer patients.  

Support: This study is fully supported by the Division of Intramural Research, National Institute of 
Nursing Research, NIH.  
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The Tbata gene is a potent negative regulator of cell growth that plays an important role in controlling 
thymus size, function and age-dependent thymic involution. While studying Tbata-dependent growth 
inhibition, we discovered that Tbata causes changes in cell cycle progression and gene expression that are 
typically associated with p53-mediated growth arrest. We then showed that Tbata does not inhibit cell 
growth in the p53 null SAOS-2 cell line and that Tbata-dependent growth arrest takes place in SAOS-2 
cells transfected with WT p53. Surprisingly, we also found that Tbata caused cell growth arrest in SAOS-
2 cells expressing known point, deletion, and dominant-negative p53 mutants. None of these p53 mutants 
resulted in growth arrest and did not induce transcription from a p53 reporter construct in response to 
cellular stress. However, Tbata expression alone caused growth arrest in SAOS-2 cells when co-expressed 
with most of these p53 mutants. Furthermore Tbata-dependent growth arrest takes place in cells that co-
express WT p53 with all tested DN p53 mutants. These p53 mutants do not induce growth arrest in 
response to cellular stress and are dominant negative mutants when WT p53 is co-expressed. Our results 
suggest that Tbata-mediated growth arrest does not require p53 transcriptional regulation. In contrast, p53 
domains that mediate protein interactions and tetramerization are required for Tbata-dependent growth 
arrest. Proteomic analysis confirmed that Tbata expression alters p53 post-translational modifications and 
the proteins that bind to p53. 
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The competence of T cell responses predominantly depends on how efficient T cell receptors (TCRs) are 
at recognizing antigenic epitopes. We show here that during acute severely symptomatic IAV infection 
there was an expansion of IAV-M1/EBV-BRLF1 and IAV-M1/EBV-BMLF1 double-tetramer+ cells 
directly ex-vivo in 5 HLA-A2+ patients. We questioned whether this expansion specific to these two 
different crossreactive responses would lead to alterations in the TCR repertoire of the IAV-M158 , EBV-
BRLF1109 and -BMLF1280 from before, during and following acute IAV infection. Using staining with 
Vb MAb we found that T cell responses generated to these epitopes became surprisingly more polyclonal, 
with the sharing of Vb between M1, BMLF1 and BRLF1 populations which is not seen in healthy donors 
and which decreased 2 months later consistent with crossreactive expansion. Furthermore, by using deep 
sequencing analysis of TCRa and TCRß repertoires of tetramer sorted cells we showed highly polyclonal 
IAV-M1 specific responses (2,000 unique clonotypes) with dramatic changes in specific clonotype usage 
in cognate and cross-reactive populations during acute IAV infection. In summary, these changes in TCR 
repertoire during acute symptomatic IAV infection suggest that during severe infection there is a 
preferential expansion of highly diverse crossreactive responses between IAV and the persistent virus, 
EBV, which leads to permanent changes in TCR repertoires to both of these two viruses. (NIHAI49320).   
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The innate immune system generates context-specific responses to microbial products, distinguishing 
steady-state stimuli from those of invasive pathogens. To date, we lack a detailed mechanistic 
understanding of the signaling logic that limits inflammatory cytokine production to non-dangerous 
inputs, thereby avoiding immunopathology. Using single cell quantitative assays and computational 
modeling, we found multiple thresholds for signaling pathways dictating stimulus-dependent functionality 
in macrophages exposed to TLR4 ligand. While TNF protein expression was controlled by switch-like 
MAPK activation, NF-κB activity occurred at ligand concentrations below the MAPK-mediated threshold 
for inflammatory cytokine production, and primed cells for a more robust response to subsequent 
stimulation. Remarkably, macrophages from distinct mouse strains and from multiple human donors 
showed quantitatively very similar behavior. Our study thus reveals a tightly regulated 'low-noise robust 
response' system, which modeling suggests can be disturbed by small expression variations in regulatory 
phosphatases, including those showing linkage to human inflammatory diseases.   

This work was supported by the Intramural Research Program of National Institute of Allergy and 
Infectious Diseases, National Institutes of Health. 
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T cells have different metabolic programming during their resting and activated functional states. The 
ability of a T cell to control tumors depends on its avidity and in turn its susceptibility to get tolerized in 
the tumor microenvironment. Availability of energy metabolites can restrict T cell metabolism and can 
impact their functions in vivo. To elucidate the link between T cell avidity and metabolism we tested our 
hypothesis that high avidity T cells have increased susceptibility to tolerization due to their increased 
mitochondrial oxidation and glycolytic rates compared to the low avidity T cells. To test this hypothesis 
we utilized T cells from two TCR transgenic mice, labeled TCRhi and TCRlo that recognize the same 
melanoma antigen tyrosinase-related protein-2 (TRP-2) with different avidities. Antigen stimulated 
TCRhi and TCRlo T cells were subjected to metabolic profiling using the Seahorse metabolic analyzer 
and their mitochondrial oxidative phosphorylation (OXPHOS) and glycolytic rates were determined. Our 
initial studies show that both the TCRhi and TCRlo T cells utilize OXPHOS for energy production with 
TCRhi T cells exhibiting increased basal respiration and spare respiratory capacity compared to the 
TCRlo T cells. However, with prolonged antigen stimulation as seen in the case of secondary antigen 
stimulation, the TCRhi cells lose their spare respiratory capacity indicative of them running at their full 
mitochondrial potential. Further experiments are underway to confirm these results and to understand the 
genetic and metabolic signatures of the TCRhi and TCRlo avidity T cells. Understanding the metabolic 
differences between these cells will help us identify molecular targets for reversing tolerization.   
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Although inflammation is crucial for defense against pathogens, if not finely tuned it can also contribute 
to all phases of tumorigenesis. The TLR pathway plays a central role in inflammation and cancer 
crosstalk and construction of the structural pathway provides insights into its mechanism of action in the 
tumor microenvironment. We constructed the structural TLR pathway and the architectures that we 
obtained (i) provide the structural basis for TLR clustering upon stimulation and assembly of key 
signaling complexes; (ii) demonstrate that almost all downstream parallel pathways are competitive; (iii) 
TIR domain-containing negative regulators (BCAP, SIGIRR, and ST2) interfere with TIR domain 
signalosome formation; (iv) major deubiquitinases (A20, CYLD, and DUBA) prevent association of 
TRAF6 and TRAF3 with their partners, in addition to removing K63-linked ubiquitin chains that serve as 
a docking platform for downstream effectors; (v) and illuminate mechanisms of oncogenic mutations. 
Missense mutations that fall on interfaces and nonsense/frameshift mutations that result in truncated 
negative regulators disrupt the interactions with their targets, thereby enable constitutive activation of NF-
kB, and contribute to chronic inflammation, autoimmune diseases and oncogenesis.   
  



Frontiers in Basic Immunology 2015  27 October 8-9, 2015 

Poster 20 

T Cell Factor 1 Is Required for Thymocyte Growth after B-Selection – 
Dr. Christelle Harly 

Christelle Harly1, Emanuele Loro2, Shirley Zhang2, and Avinash Bhandoola1 
1Laboratory of Genome Integrity, Center for Cancer Research, National Cancer Institute, Bethesda; 
2University of Pennsylvania, Philadelphia 

The transcription factor T cell factor 1 (TCF-1) is expressed early after hematopoietic progenitors settle 
the thymus and is known as an important mediator of Notch-induced early T cell specification. TCF-1 
expression is maintained at high levels after T cell specification and Notch signaling extinguishment, but 
its function at these later stages has not been examined. We used mice with conditional alleles of TCF-1 
(TCF-1f/f) to delete TCF-1 in T cell lineage-committed double-negative 3 (DN3) thymocytes. We 
discovered that ablation of TCF-1 at this stage dramatically reduces thymocyte cell numbers, to an extent 
similar to TCF-1 germline deletion. Analysis of TCF-1-deleted DN3 thymocytes did not reveal any 
defects in TCRb rearrangement, pre-TCR expression and signaling, and T cell gene expression. However, 
post b-selection thymocytes failed to proliferate and showed an increased sensitivity to cell death in vitro. 
Further investigation revealed that TCF-1 plays an essential role in pre-TCR-induced cellular growth, 
required for proliferation after b-selection. Our finding reveals unexpected “housekeeping” functions for 
TCF-1 in developing thymocytes. We are currently examining the mechanism by which TCF-1 controls 
cellular growth in thymocytes. 
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Innate lymphoid cells (ILCs) are lymphocyte-like cells lacking antigen-specific receptors that mediate 
protective and repair functions through cytokine secretion. Among them, type 2 ILC (ILC2) cells are 
capable of producing type 2 cytokines. ILC2 cells play important roles in immune responses to helminth 
infections, in allergic inflammation, in tissue repair and in beige fat biogenesis. Here we report the 
existence of an IL-25-resposive ILC2 cell population that complements IL-33-responsive conventional 
ILC2 cells. We identified a lineage-negative, IL-33 receptor-negative, IL-25 receptor-positive, KLRG1-
high cell population in IL-25-treated mice but not in IL-33-treated mice. Those cells had a phenotype 
distinct from both MPP-type 2 and conventional ILC2 cells. We designated such IL-25-responsive 
KLRG1-hi cells as inflammatory ILC2 (iILC2) cells, and designated the IL-33-responsive tissue-resident 
ILC2s as natural ILC2 (nILC2) cells. iILC2 presented numerous population in the lungs, around 40,000–
50,000 cells, which was 10 folds of nILC2 cells. The number of iILC2 cells was even higher in RAG-
deficient mice, reaching half million. They produced IL-13 but not much IL-4, by generation and analysis 
of DsRed-IL-13/AmCyan-IL-4 dual reporter mice. During in vitro culture, iILC2 cells lost IL-25 receptor 
expression but acquired IL-33 receptor, developing into nILC2-like cells. iILC2 cells were induced in 
early course of Nippostrongylus brasiliensis infection, before proliferation of lung-resident nILC2 cells. 
They developed into nILC2-like cells in later course of infection, serving as transient ILC2 progenitors. 
Transfer of iILC2 cells greatly contributed to expulsion of N. brasiliensis. In IL-25 receptor-deficient 
mice lacking of iILC2 cells, expulsion of the worms of N. brasiliensis was significantly delayed. iILC2 
cells also expressed intermediate amounts of ROR(gamma)t, whereas nILC2 did not. iILC2 cells acquired 
IL-17-producing capacity under “Th17”-like culture conditions, showing the plasticity similar to T cells. 
When transferred into Candida albicans-infected mice, iILC2 cells become IL-17-producing ILC3-like 
cells, providing partial protection against C. albicans. Thus, we propose that iILC2 cells are transient ILC 
progenitors. They are mobilized by inflammation and infection that develop into nILC2-like cells or 
ILC3-like cells, contributing to the immunity to both helminths and fungi.  
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Introduction: Human γδ T cells display potent cytotoxicity against various tumor cells pretreated with 
zoledronic acid (Zol). Zol has shown benefits when added to adjuvant endocrine therapy for patients with 
early-stage breast cancer or to standard chemotherapy for patients with multiple myeloma. Although γδ T 
cells may contribute to this additive effect, the responsiveness of γδ T cells from early-stage breast cancer 
patients has not been fully investigated. Objective: In this study, we determined the number, frequency, 
and responsiveness of Vγ2Vδ2 T cells from early- and late-stage breast cancer patients and examined the 
effect of IL-18 on their ex vivo expansion. Methods: Breast cancer patients (n=80) were enrolled after 
institutional review board approval and with written informed consent. Peripheral blood mononuclear 
cells (PBMC) were purified and stimulated with Zol/IL-2 or Zol/IL-2/IL-18 for 2 to 10 days. The 
expanded cells were assessed on flow cytometry and the production of IFN-γ and TNF-a measured 
through ELISA. Results: The responsiveness of Vγ2Vδ2 T cells from patients with low frequencies of 
Vγ2Vδ2 T cells was significantly diminished. IL-18, however, enhanced ex vivo proliferative responses 
of Vγ2Vδ2 cells and helper NK cells (CD3-CD56brightCD11c+CD14-CD16+NKGD2+NKp44low) from 
patients with either low or high frequencies of Vγ2Vδ2 T cells.  Cell-to-cell contact between γδ T and 
helper NK cells appeared to promote expansion of γδ T cells. Exogenous IL-18 markedly enhanced IFN-γ 
and TNF-a production from PBMC stimulated by Zol/IL-2, whereas the addition of an anti-IL-18Ra mAb 
reduced cytokine production. Conclusion: These results demonstrate that Zol elicits immunological 
responses by γδ T cells from early-stage breast cancer patients and IL-18 enhances proliferative responses 
and effector functions of γδ T cells in the context of helper NK cells. Keywords: Zoledronic acid, γδ T 
cells, IL-18. 
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Regulatory T cells (Tregs) are essential to the maintenance of immune homeostasis. Their suppressive 
function against T cell effector responses allows for the establishment of immunological tolerance and 
helps limit T cell-mediated diseases. One of the major mechanisms by which Tregs exert their suppressive 
function is via their production and surface expression of TGF-β. In recent studies it was shown that 
TGF-β (in the form of latent associated protein, LAP) can be tethered to the surface of Tregs through 
association with glycoprotein A repetitions predominant (GARP). Among hematopoietic cells, GARP 
expression is tightly restricted to Foxp3+ Tregs and LAP expression on activated Tregs is dependent on 
GARP expression. Inhibition of GARP has been shown to abrogate Treg suppression in most studies. 
Here, we created a GARP-mCherry reporter mouse. The study of these mice confirmed that GARP is 
stored intracellularly in Foxp3+ Tregs under normal conditions and translocated to the cell surface where 
it binds LAP upon activation. Notably, while GARP is present on all natural Foxp3+ cells in the thymus, 
it is not present on TGF-β-induced Foxp3+ cells unless the inducing culture contains IL-2. This IL-2-
inducing effect is reversed by IL-6 and IL-27. The regulatory effects of these cytokines correlate with in 
silico analysis of the GARP gene, which was found to contain STAT3 and STAT5 binding sites. 
Functional studies of GARP+ and GARP- Tregs revealed that both Treg populations have an equal 
capacity to inhibit CD4+ T cell proliferation in vitro and that such inhibition is not blocked by anti-
GARP, anti-LAP or an inhibitor of TGF-β-receptor function. On the other hand, GARP+ but not GARP- 
cells induce CD4+ T cells to produce IL-17 when cultured with the latter in the presence of IL-6. Such 
induction was equal to that induced by TGF-β and IL-6 in the absence of Tregs. Thus, the inability to 
inhibit the suppressor capability of GARP+ cells with an agent that blocks TGF-β or TGF-β function was 
not due to the lack of ability of GARP+ cells to express or secrete TGF-β. It was more likely due to the 
fact that GARP+ (or GARP-) Tregs can suppress T cell proliferation in vitro by a mechanism that only 
partially depends on TGF-β. Whether this is true of Treg cell suppressor function in vivo, which has been 
closely linked to TGF-β-mediated effects, awaits further investigation. Interestingly, while a 2–5-fold 
increase in Foxp3-expressing cells was observed in Dextran Sodium Sulfate colitis, no significant 
increase in GARP-expressing cells was seen. This indicates that Foxp3 and GARP expression are 
independent and may depend on the cytokine milieu in an inflamed tissue. Moreover, this suggests that 
certain Tregs may become functionally inactive due to lack of GARP expression. Currently, we are 
studying Treg gene expression profiles in the absence of GARP. We have found that GARP expression is 
indeed associated with the increased expression of proteins that are likely to affect Treg function. Thus, 
GARP may have functions prior to expression on the cell surface as a ligand for LAP. 
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Adoptive cell transfer (ACT) of mutation-specific T lymphocytes may represent the future of 
immunotherapy for cancer. Current strategies utilize mature T cells isolated from tumors, but this 
approach may be hampered by advanced differentiation status and limited proliferative capacity of 
recovered cells. Cellular rejuvenation could be accomplished through induced pluripotent stem cell (iPS) 
technology. iPS cells can be generated from antigen-specific T cells (T-iPS) using the four Yamanaka 
factors (Oct4, Sox2, Klf4, and c-Myc); these T-iPS retain their original TCR specificity upon re-
differentiation into the T cell lineage. The early stages of T lineage differentiation can be carried out in 
vitro using the OP9-DL1 co-culture system, producing T cell progenitors. These cells could have the 
potential to engraft, proliferate, and persist in vivo, or could be matured to single positive (SP) T cells in 
vitro. To explore this hypothesis, we have generated a murine iPS cell line from a Pmel-1 TCR transgenic 
mouse (P-iPS), in which cells bear a pre-rearranged TCR specific for gp100. Flow cytometry is used to 
characterize differentiation stages as double negative (DN1-DN4) and double positive (DP) using the 
markers c-kit, CD3, CD4, CD8, CD25, TCRvb, and TCRvb13 (in the Pmel-1 TCR). As a control, we 
performed differentiation of hematopoietic stem cells in vitro using lineage negative bone marrow from 
C57BL/6 (W-HSC) and Pmel-1 (P-HSC) mice. After 10 days, the proportion of cells in the DN1-DN4 
stages of development were 2%, 41%, 55%, and 2% in the W-HSC culture, compared to 5%, 31%, 39%, 
and 25% in the P-HSC culture. Expression of CD3 on cells in the DN1/DN2 and DN3/DN4 stages was 
1% and 2% in the W-HSC culture, compared to 85% and 95% in the P-HSC culture. Pluripotent stem cell 
differentiation compared C57BL/6 embryonic stem cells (W-ES) with P-iPS. After 21 days of culture, W-
ES derived cells were 9% DP and 60% DN, while P-iPS derived cells were 30% DP and 37% DN. Within 
the DN compartment, the proportion of cells in DN1-DN4 stages was 4%, 6%, 45%, and 45% in the W-
ES culture, compared to 1%, 7%, 69%, and 23% in the P-iPS culture. Expression of CD3 on cells in the 
DN1/DN2 and DN3/DN4 stages was 1% and 13% in the W-ES culture, versus 76% and 91% in the P-iPS 
culture. These data show for the first time that in vitro differentiation of pluripotent stem-derived 
progenitor cells bearing a pre-rearranged TCR will undergo precocious expression of the CD3 molecule 
and enhanced progression to the DP stage. The pattern is consistent with that seen during in vitro 
differentiation of hematopoietic stem cells. The presence of a pre-rearranged TCR may be driving 
precocious development of T cells in vitro, with unclear implications for further maturation into SP cells. 
Our goal is to characterize the nature of T-iPS and study their anti-tumor efficiency in vivo in order to 
evaluate their suitability for clinical use.  
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Human cytomegalovirus (CMV) infection is a common cause of morbidity and mortality after allogeneic 
organ transplantation in immunocompromised patients. CMV complicates the post-operative transplant 
period leading to fever, pneumonia, and hepatitis, and may lead to graft rejection in patients. In recent 
years, a combination of immune monitoring by using QuantiFERON-CMV® (a detectable IFN-γ 
production in response to HCMV peptides) and adoptive immunotherapy with virus-specific CD8+ T 
cells has emerged as a powerful tool for the clinical management of transplant patients. We have 
previously shown delayed reconstitution of CMV-specific T cell immunity (QuantiFERON-CMV = 0.2 
IU/ml) is correlated with higher risk of CMV viremia in allogeneic HSCT recipients; however, the 
mechanisms underlying the quality of cytotoxic effector function of CMV-specific CD8 T cells remain 
unknown. Gene expression profiles of CMV-specific CD8+ T cells using microarray were compared in 
HSCT recipients with stable (QuantiFERON reactive) and delayed reconstitution (QuantiFERON non-
reactive). We observed up-regulation of several genes in QuantiFERON reactive HSCT recipients that are 
associated with chemokines, cell migration, cell differentiation, cell division and apoptosis. A detailed 
understanding of how CD8 T effector cells function will lead to improved therapeutic strategies, 
increased patient survival and reduced graft rejection.  
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Promising results have been reported in patients with B cell malignancies treated with CD19 CAR T cells. 
However, some patients have also experienced cytokine release syndrome (CRS), exhibiting severe 
toxicities, including death. Unfortunately, the pathogenesis of CRS following administration of CD19 
CAR T cells is not well understood. An analysis of the cytokine production profile in sera of patients 
receiving various CD19 CAR T cell products was conducted using data from the published literature. The 
data reported by Davilla et al. showed that, in such patients: 1) The levels of cytokine (IFN-γ, GM-CSF, 
IL-6, and IL-10) production are correlated with one another; 2) CRS severity correlated with peak 
cytokine (e.g., IFN- γ) levels in the sera; and 3) The order of peak serum concentrations of various 
cytokines (e.g., IFN- γ, IL-5, IL-6, IL-10, GM-CSF) was similar across patients and was independent of 
CRS severity. Analysis of additional published studies, including Davilla et al., showed that the cytokine 
production profile, i.e., relatively low IL-2 and TNF-a concentrations, but relatively high or intermediate 
IL-6, IL-8, IL-10, and IFN- γ concentrations, was consistent across studies which used different CD19 
CAR T cell products and conditioning regimens. This cytokine production profile is different from the 
cytokine profile induced by anti-CD28 monoclonal antibody or in other cytokine-related pathological 
processes. However, the cytokine production profile in CRS following administration of CD19 CAR T 
cells is similar to the cytokine profile induced by blinatumomab, an anti-CD19 and anti-CD3 bispecific T 
cell-engaging antibody. These results will be discussed in the context of better understanding the 
pathogenesis of CRS induced by CD19 CAR T cells. References: Davilla M., et al. Efficacy and toxicity 
management of 19-28z CAR T cell therapy in B cell acute lymphoblastic leukemia. Sci Transl Med. 
2014;6:224. Grupp S. A., et al. Chimeric antigen receptor-modified T cells for acute lymphoid leukemia. 
NEJM, 2013;368:1509-18. Lee, D. W., et al. T cells expressing CD19 chimeric antigen receptors for 
acute lymphoblastic leukemia in children and young adults: a phase 1 dose escalation trial. Lancet. 
2015;385:517-28. Suntharalingam G., et al. Cytokine storm in a phase 1 trial of the anti-CD28 
monoclonal antibody TGN1412. NEJM. 2006;355:1018-28. Tarrant J. M. Blood cytokines as biomarkers 
of in vivo toxicity in preclinical safety assessment: considerations for their use. Toxicol Sci. 2010;11:4-
16. Teachey D. T., et al. Cytokine release syndrome after blinatumomab treatment related to abnormal 
macrophage activation and ameliorated with cytokine-directed therapy. Blood. 2013;121;5154-5157.  
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Most patients with cancer are treated by combinations of surgery, chemotherapy and radiotherapy, while 
some patients are provided poor prognosis. On the other hand, some patients with malignant cancer are 
provided good prognosis by immunotherapies. However, change in systemic immunities on patients with 
cancer still unknown enough. In this study, we have established both an animal model with primary tumor 
and an animal model with metastatic tumor on mice and saw changes in systemic immunities on the 
model animals with malignant cancer. Our established animal models are useful to develop various 
therapies while assessing changes in systemic immunities.  
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Although Th17 CD4 T cells are well accepted to have a pathological role in Multiple Sclerosis (MS), 
attempts to therapeutically target Th17 pathways have met with unexpected failure. Studies using 
experimental autoimmune encephalomyelitis (EAE), the mouse model of MS, have supported a 
detrimental role for Th17 CD4 T cells, but the underlying mechanisms that potentiate demyelinating 
inflammation remain undefined. A recent study assessing pathogenic gene signatures of encephalogenic 
Th17 CD4 T cells during EAE highlights a surprising connection with the Th1 transcription factor 
STAT4. STAT4 is critical for the development of EAE and genome wide association studies have 
identified a single nucleotide polymorphism in the intronic region of the STAT4 gene loci that associates 
with MS susceptibility. Importantly, while IL-17A producing Th17 CD4 T cells develop independently of 
STAT4, the contribution of STAT4 to Th17 pathogenicity has not been established. Therefore, we 
investigated the contribution of STAT4 to Th17 encephalogenicity. We find that STAT4 regulates Th17 
pathogenicity during passive transfer EAE by controlling the entry of Th17 cells into the CNS. 
Furthermore, this accumulation defect is intrinsic to CD4 T cells, as reduced frequencies of STAT4 
deficient CD4 T cells were recovered from the CNS of mixed bone marrow chimeric mice at both onset 
and peak stages of EAE. Interestingly, we detect an additional role for STAT4 in promoting Th17 
production of GM-CSF, a cytokine critical for EAE pathogenesis. Together, these data highlight a novel 
function for STAT4 in mediating Th17 driven encephalogenic pathology.  
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Introduction: Extracellular vesicles (EVs) are heterogeneous populations of nano-sized vesicles with 
important regulatory roles. EVs produced by different cells (and under different conditions) have 
functional differences that we hypothesize are due to and identifiable by the production of distinctive 
subsets of EVs. In order to determine whether EV subsets are biologically relevant, we must be able to 
isolate EV subsets and perform functional studies. For this purpose, we developed the nanoFACS method 
for analysis and sorting of EVs and other nanoscale (50-150nm) particles. In this study we demonstrate 
that the use of our nanoFACS method, when used along with Nanoparticle Tracking Analysis (NTA, 
NanoSight) provides a robust means for separating single EV-sized nanoparticles, and for quantifying 
label density on each particle. Methods: EVs were isolated by serial ultracentrifugation and analyzed by 
NanoSight to obtain concentration and size distribution of EVs. 109 EVs stained with protein-binding 
dyes (CFSE, CellTrace violet, and DDAO), and unbound dye was removed with size-exclusion 
chromatography. We performed nanoFACS analysis with a customized AstriosEQ flow cytometer. 
Appropriate methods to prevent particle coincidence and instrument ‘swarm’ were employed, and MESF 
(Molecules of Equivalent Soluble Fluorochrome) standards were used to quantitate single EV 
fluorochrome levels. Results: We isolated EVs from DC2.4 cell culture supernatants, with an average of 6 
x 108 EVs per ml of culture supernatant. Size distribution analyses by NanoSight revealed the existence 
of one major population with a diameter of 127 nm, and three minor populations of 81, 193 and 243 nm 
in diameter. By nanoFACS, we could identify the different EV populations based on light scattering and 
detect fluorescent signal of EVs stained with CFSE, violet and DDAO dyes. NanoFACS and NanoSight 
confirmed the good recovery of EVs from the size exclusion chromatography process and the absence of 
free unbound dye. Summary/Conclusion: To leverage the tremendous potential of EVs as biomarkers and 
regulators of disease, we need to identify relevant EV subsets. In these studies, we established a robust 
workflow for DC2.4 EV production and isolation, and we refined pan-EV staining methods for EV 
analyses and sorting by nanoFACS and NanoSight. Our results provide the first flow cytometric evidence 
for the existence of EV subsets with distinct light scattering properties, from a single cell line. We are 
characterizing these EVs further with antigen-specific staining methods to sort EV subsets and study 
subset-specific physiological functions. Based on parallel studies in which we determined the 
reproducibility of these methods and the stability of the product, we are also producing and sharing EVs 
from this cell line as a first-generation biological standard for the emerging field of EV flow cytometry. 
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Natural killer (NK) cells are critical in mediating adaptive immune responses to chemical haptens and 
cytomegalovirus in T and B cell deficient murine models. Similar results have been reported in rag1-/- 
mutant zebrafish who lack mature T and B cells. These fish were able to mount specific protection to 
intracellular bacteria. We believe that a sub-population of NK like cells mediate an adaptive immune 
response in the rag1-/- mutant zebrafish. However, due to the lack of availability of NK cell specific 
markers, it is a challenge to identify these zebrafish NK like cells. Although, some hypothetical markers 
for zebrafish NK cells are available, like the surface receptor: nitr9, transcription factor: t-bet and 
lymphocyte-specific protein tyrosine kinase isoform 2: lck. Research involving these markers in zebrafish 
is still limited. Zebrafish NK cells have not been characterized and how NK cells respond to toll like 
receptor (TLR) ligands has also not been investigated. To elucidate the role of TLRs, we utilized rag1-/- 
mutant zebrafish as an in vivo fish model to determine if TLR ligands mediate expression of ifnγ, mx and 
tnfα used as indicators to support the stimulation of NK cells in liver, kidney marrow and spleen tissues. 
R848 binds to TLR 7/8, poly I:C binds to TLR3 and β-glucan binds to TLR2. We used ifnγ expression as 
an indicator of NK cell activation, tnfα expression as an indicator of macrophage activation, and Mx 
expression as an indicator of ifnα and ifnβ production. RT-qPCR was used to quantify transcript levels at 
1h, 6h, 12h and 24h after injecting rag1-/- mutant zebrafish with either R848, poly I:C or β-glucan. Our 
results show significant increases of ifnγ, mx and tnfα transcripts in the three tissues with R848 and poly 
I:C and β-glucan compared to tissues from PBS injected control fish. Secondly, we are currently using the 
hypothetical markers to further elucidate their role in the development of zebrafish NK cells in the rag1-/- 
mutant model. The data presented are the initial findings in an investigation to help define mechanisms 
involved in NK like cell mediated protective immunity in rag1-/- mutant zebrafish.  
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Quantitative trait loci are mapped genomic regions that correlate with observed traits and are associated 
with quantitative variations in gene expression. Such variations can influence phenotypic variations, 
including outcomes of cellular decisions in individual cells. The effect of even seemingly modest 
differences or differences occurring in only a small number of cells can generate system-wide effects as a 
consequence of nonlinear amplification by positive feedback mechanisms at multiple levels, including 
clonal cell proliferation. In order to begin studying this problem experimentally, we will subtly tune 
expression of a number of genes in vitro and in vivo and quantify responses, including immune cell 
signaling and activation, at the single-cell level.  
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The T cell antigen receptor (TCR) is the primary signal transducing structure expressed on thymocytes 
and T cells, transmitting signals necessary for activation and maturation. We have created a knock-in 
mouse with tyrosine-to-phenylalanine mutations in the 6 Immunoreceptor Tyrosine Activation Motif 
(ITAM) tyrosines of the CD3z chain of the TCR/CD3 complex, resulting in a 60% decrease in TCR 
signaling potential. We found that mice with germline expression of 6F CD3z exhibit only mild defects in 
T cell composition and effector function, with the notable exception of a significant increase in number 
and percentage of regulatory CD4+ T cells (Tregs) relative to mice with germline expression of wild-type 
CD3z (6Y). These results suggested that lower TCR signaling capacity during thymocyte selection may 
divert cells that would otherwise have been negatively selected to the Treg lineage. Switching of 6Y 
CD3z to 6F CD3z is inducible by Cre-recombinase; by manipulating the timing of the 6Y to 6F switch, 
we can determine the point in thymocyte development when the enhancement of Treg generation occurs. 
6Y to 6F switching prior to or at the double positive stage results in a statistically significant increase in 
Treg cells in the thymus and periphery, while switching at the single positive stage does not. Our results 
indicate that reducing TCR signaling potential prior to the single positive stage of development promotes 
Treg development, supporting an instructive model of Treg lineage commitment. We are investigating 
function of Tregs derived using thymic 6Y to 6F switching.  
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Improving the functional avidity of effector T cells is critical in overcoming inhibitory factors within the 
tumor microenvironment and eliciting tumor regression. We have found that Cish, a member of the 
Suppressor of Cytokine Signaling (SOCS) family, is induced by TCR stimulation in CD8+ T cells and 
inhibits their functional avidity against tumors. Genetic deletion of Cish in CD8+ T cells enhances their 
expansion, functional avidity and cytokine polyfunctionality, resulting in pronounced and durable regression 
of established tumors. Although Cish is commonly thought to block STAT5 activation, we found that the 
primary molecular basis of Cish suppression is through inhibition of TCR signaling. Cish physically 
interacts with the TCR intermediate PLCg1, targeting it for proteasomal degradation following TCR 
stimulation. These findings establish a novel targetable interaction that regulates the functional avidity of 
tumor-specific CD8+ T cells and can be manipulated to improve adoptive cancer immunotherapy. 

We thank A. Mixon and S. Farid of the Flow Cytometry Unit for help with flow cytometry analyses 
and sorting, Zhiya Yu and David Jones for technical animal support. We would like to thank 
Parthav Jailwala, Eric Stahlberg, and David Goldstein from the CCRIFX core (NCI) for expert 
microarray analysis. The microarray data is deposited at GEO (accession number: GSE56328, 
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgiacc=GSE56328). We also wish to thank Allen Bosley, 
Thorkel Andresson, Jim Ihle, and Evan Parganas for significant material support. Megan Luckey and 
Jung-Hyun Park provided excellent discussions. Supported by the Intramural Research Program of the 
National Cancer Institute, Center for Cancer Research of the U.S. National Institutes of Health. The 
authors declare no conflict of interests. 
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Lymphoid tissue inducers (LTi) are a class of innate lymphoid cell that are required for the development 
of Peyer’s patches and lymph nodes. These cells are specialized type 3 innate lymphoid cells that are 
abundant in fetus but less well characterized in adult mice. Much remains unknown about the 
development of fetal LTi. They are thought to develop from common lymphoid progenitors (CLP) in fetal 
liver, but the cellular intermediates that generate LTi downstream of CLP, and the signals driving LTi 
specification are unclear. Using transcription factor T cell factor (TCF-1) reporter mice, we have 
discovered novel ILC progenitors that we term early innate progenitors (EILP). EILP expressed high 
levels of TCF-1 and could generate all subsets of adult ILCs upon adoptive transfer (Yang et al., 2015). 
TCF-1-/- mice exhibit defective Peyer’s patches formation but lymph node development appears intact, 
suggesting that defects in LTi development may be partial. We have initially investigated fetal LTi in 
TCF-1 reporter mice, and discovered that fetal LTi’s express TCF-1. We propose that LTi develop from 
early innate lymphoid progenitors (EILP) and further that TCF1 plays roles in the development of fetal 
LTi and is thus important for organogenesis of Peyer’s patches.  
  



Frontiers in Basic Immunology 2015  42 October 8-9, 2015 

Poster 35 

The NOD Mouse Lacks a Self-curing B Cell Response to Plasmodium yoelii 17XNL 
Infection – Dr. Luis Pow Sang 

Luis Pow Sang1, Mirian Mendoza1, Hui Liu1, Sofia Casares1,2, and Teodor-D. Brumeanu1 
1Uniformed Services University of the Health Sciences, Department of Medicine, Division of 
Immunology, Bethesda, MD; 2Naval Medical Research Center, Walter Reed Army Institute of Research, 
Infectious Diseases Directorate-Malaria Program, Silver Spring, MD 

Plasmodium yoelii 17XNL infection is self-cured in several different mouse strains. Herein, we report that 
the NOD mice (MHC class II haplotype: I-Ag7/I-Enull) on a C57BL/6 background cannot mount a 
protective B-cell response to P. yoelii 17XNL, and succumb shortly after infection. A model for 
autoimmune diabetes, the NOD mouse can thus be a new model for investigating the role of MHC class II 
and type 1 diabetes Idd genes in the antigen-specific immune evasion induced by malaria protozoans. It 
could also be a tool for testing anti-malaria therapeutics without the interference of a self-curing 
mechanism present in other mouse strains.   

This work was supported by a USAID program project award from USAID (HT9404-13-1-0022) to 
NMRC and USUHS. We thank Dr. Eileen Villasante for continuous support and comments, and to Dr. 
Wathsala Wijayalath for providing live P. yoelii 17XNL sporozoites. The content of this study is solely 
the responsibility of the authors and does not necessarily represent the official views of USUHS or 
NMRC. 
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Development of specific immunotherapies to prevent graft rejection and graft-versus-host disease offers 
the promise of selectively deleting only allospecific immune responses. Veto activity is the ability of a 
cell to specifically suppress/delete only T cells directed against antigens of the veto cells themselves, but 
not against third-party antigens. In the present study, we reasoned that providing TCR-like signaling to 
allogeneic major histocompatibility complex (MHC) molecules on the surface of CD8+CTLs might result 
in enhanced veto function. To generate the donor antigen specific veto cells, we have utilized the 
Chimeric Antigen Receptor (CAR) T cell approach, in which CD8+CTLs express an MHC alloantigen 
fused to signaling molecule apparatuses. We fused mouse MHC class I alloantigen (H-2Dd) to the hinge 
and trans-membrane domains of the mouse CD8 chain plus intracellular signaling sequences derived from 
mouse 4-1BB, and CD3-ζ chain creating various CAR constructs. These CARs were cloned into retroviral 
vectors. Ex-vivo transduced T cells (FVB-Dd) were adoptively transferred in the recipient parental mice 
strain (FVB-H-2q) which do not express Dd. Two weeks post-adoptive transfer, we detected low levels of 
Dd+CD8+ T cells in lymph node and spleen, ranging from 0.2-1.2% of total CD8+ T cells. Veto activity 
of these Dd+CD8+T cells will be examined by in vitro Dd specific CTL assays, proliferation assays, and 
rejection of Dd skin grafts in parental strain (FVB) mice.  
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B cells classically mediate humoral immunity, but some B cells are pathogenic and involved in mediating 
autoimmune disease. In the absence of a means of identifying pathogenic B cells, total B cell depletion is 
increasingly used to treat autoimmune diseases despite the risk of immunosuppression, a serious concern 
in type 1 diabetes (T1D), especially in children. In the present study, we show that most alterations in 
B cells in T1D subjects occurred within the CD5+ subset with no apparent alterations in the major CD5- 
subset. Among CD5+ B cells, at least two subpopulations were modulated differently in Ab+ and 
established T1D subjects as compared to non-diabetic controls. One is an IL-10-producing (IL-10pos) 
subpopulation which was enriched in Ab+ subjects and the other is a FasL-expressing (FasLhi) 
subpopulation that was enriched in T1D subjects. The FasLhiCD5+ B subpopulation, which has not been 
previously characterized in humans, had unique phenotypic and functional characteristics, including 
failure to produce cytokines. A corresponding FasLhiCD5+ B subpopulation in NOD mice promoted 
T cell islet infiltration and caused negative regulation of pancreatic IL-10pos CD5+ B cells by a FasL-
dependent mechanism. These results appear to have important implications for understanding the role of 
B cells in T1D pathogenesis and for B cell-directed therapies for the prevention of T1D.  

We thank Network for Pancreatic Organ Donor with Diabetes (nPOD) for providing splenocytes from 
subject donors. This work is supported by a 1R01AI099027-01A1 and an internal grant (Edlow grant) 
from the Endocrinology Department, Johns Hopkins School of Medicine. The authors have no financial 
conflict of interest. 
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Acute lymphoblastic leukemia (ALL) results from transformation of immature B or T cells, and is the 
most common pediatric cancer. Though the current cure rate of ALL is 80-90%, it is important to 
understand the underlying biology of ALL in order to develop refined therapies for patients who fail to 
respond to conventional chemotherapy as well as to reduce its toxicity. The IL-7 receptor (IL-7R) 
signaling pathway is necessary for the proliferation and survival of T cells. Together with collaborators, 
we have shown that 9% of patients with T cell acute lymphoblastic leukemia (T-ALL) have gain of 
function mutations in IL-7R alpha. These mutations promote homodimerization of IL-7R alpha subunits, 
resulting in constitutive activation of this pathway via Janus Kinase 1 (JAK1). As the JAK-STAT 
pathway is downstream of the IL-7 receptor, we hypothesized that JAK inhibitors could be used to treat 
T-ALL patients with IL-7R mutations. To demonstrate this, we first established a cell line model of T-
ALL driven by constitutive IL-7R signaling. The model cells were established by transforming the D1 
thymocyte cell line with a mutated IL-7R alpha derived from a patient sequence. These cells termed 
"D1_hIL7R_P1" are also GFP+, which allows us to monitor the proliferation of the cells in vivo. I have 
showed that D1_hIL7R_P1 cells delivered intravenously result in an aggressive leukemia with morbidity 
within 18-21 days. Ruxolitinib, a JAK1 inhibitor, inhibits survival, proliferation, and STAT5 activation of 
D1_hIL7R_P1 cells in vitro. To treat this leukemia in vivo, I administered ruxolitinib for 5 days at a dose 
of 150 mg/kg to mice starting 8 days after D1_hIL7R_P1 engraftment. Tissues were then harvested for 
analysis of GFP+ cells as a measure of leukemic burden via flow cytometry. Ruxolitinib reduced 
leukemic cells from 15% in the blood (as demonstrated in untreated mice) to 5%, from 30% to 10% in the 
spleen, and 40% to 20% in the lungs. With these promising results, I have acquired T-ALL patient 
samples that can be xenografted into NSG mice. TALL#5 cell line successfully engrafts in 30 days and 
can be detected in the bone marrow, spleen, and peripheral blood by flow cytometry. Additionally, 
TALL#5 expresses human IL-7R alpha and is sensitive to ruxolitinib treatment in vitro. I have also 
identified two T-ALL cell lines, DND41 and KOPTK1, which express high levels of IL-7R alpha. These 
cell lines are also potential candidates for studying the effects of ruxolitinib on T-ALL in NSG mice. 
TALL#5, DND41, and KOPTK1 will be engrafted into mice, and after leukemia is established, mice will 
be treated with ruxolitinib. If successful, this will give us insight into the effectiveness of JAK inhibitors 
in treating ALL, and which patients can be recruited for future clinical trials.  

We would especially like to thank Kelli Czarra for technical assistance on animal experiments; Curt Civin 
and James Moynihan at University of Maryland School of Medicine for providing T-ALL #5 and 
consultation on xenografting human leukemic cells; Terry Fry and Haneen Shalabi at the NCI Pediatric 
Oncology Branch for sharing multiple T-ALL cell lines.  
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Neutrophils are primary responders to stimuli such as injury and infection and represent key mediators of 
the extent of inflammation. Previous studies from our group have established the importance of 
Leukotriene B4 (LTB4), a critical secondary attractant, in mediating the relay of primary chemotactic 
signals during neutrophil chemotaxis in vitro as well as in vivo. In this study we explored the trafficking 
of the Formyl peptide receptor 1 (FPR1), which binds the primary attractant fMLP, and the LTB4 
receptor 1 (BLT1) during neutrophil chemotaxis. FPR1 was probed using the formylated hexapeptide 
fNLPNLK. We found that fNLPNLK-bound FPR1 internalizes and co-localizes with the endosomal 
markers, RAB5b and Dextran, as well as with wheat germ agglutinin positive vesicles. However, 
internalized FPR1 failed to co-localize with other markers of endocytosis such as Clathrin, Caveolin, and 
Endophilin. Further, we observed that the internalization of FPR1 is dependent on micropinocytosis, 
Dynamin and the distribution of the Golgi apparatus. The mechanisms leading to FPR1 internalization in 
primary neutrophils was also consistent when FPR1-eGFP expressing PLB-985 cells were differentiated 
into neutrophil-like cells and stimulated with fMLP. On the other hand, using BLT1-eGFP expressing 
PLB-985 cells, we found that LTB4 addition leads to the internalization of BLT1-eGFP that co-localize 
with RAB5b- and Clathrin-coated vesicles, which are associated along microtubules. Further, inhibition 
of Clathrin, Dynamin or Tubulin polymerization reversed the internalization of BLT1-eGFP. Together, 
our findings show that while BLT1 is trafficked in a classical clathrin-dependent manner, FPR1 is 
trafficked in a novel, non-classical manner. In the future, genetic approaches will be used to further 
dissect the different mechanisms that regulate FPR1 and BLT1 internalization and their role in mediating 
the relay of signals during neutrophil chemotaxis. 

We would like to thank the LCMB microscopy core members, Valarie Barr and Itoro Akpan, for the 
access and help with confocal microscope. Discussions with group members and Roberto Weigert, 
LCMB, to help shape the project is also thanked. 
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Immune-checkpoint therapies and an effective host immune response are dependent on activated T cells 
infiltrating the tumor microenvironment. The majority (~85%) of colon cancer tumors are microsatellite 
stable (MSS), which are considered non-immunogenic and immune privileged. The aim of this study is to 
decipher the molecular mechanisms that contribute to the creation and maintenance of an immune-
privileged environment in colon cancer. We tested the hypothesis that miRNAs secreted by cancer cells 
have non cell-autonomous function in proximal (tumor stroma) and distal (tumor draining lymph node, 
peripheral blood) T cells and inhibit its activation and function. Previously we’ve showed that higher 
levels of miR-503 and miR-182 were associated with poor prognosis in colorectal cancer. 

Our data shows that miR-503 downregulate is present in extracellular vesicles (EVs) secreted by colon 
cancer cells. Further we observe reduced T cells proliferation when exposed to cancer cell derived EVs. 
We confirmed that reduced cell proliferation in recipient T cells is due to miRNAs transferred via 
secreted EV. Because this type of miRNA-mediated signaling appears conserved across many different 
tumor types, these studies will fundamentally advance our knowledge of how cancer cells modulate their 
microenvironments and suppress the immune response. 

Acknowledgments: We thank Drs. Marc Jenkins and Bruce Blazar for their advice and support. 
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We have shown that variations in TCR-mediated signaling kinetics have a substantial impact on the 
quality of the CTL response. Particularly, rapid kinetics of signal propagation facilitates swift cytolytic 
granule release by cytotoxic lymphocytes and efficient destruction of target cells. Most recently we have 
found that the extent of integrin engagement on cytotoxic lymphocytes regulates the kinetics of cytolytic 
activity by cytolytic effectors as well. Analysis of the molecular events at the contact area of the effector 
cells exposed to planar lipid bilayers that display integrin ligands at different densities and ligands for 
activating receptor demonstrated that integrins initiate “outside-in” signaling that influences the size and 
the dynamics of activating signaling microclusters in a Pyk2-dependent manner. Thus, integrin-mediated 
signaling significantly affects the kinetics of degranulation of the cytolytic effectors providing evidence 
that integrins regulate the rate of target cell destruction by cytotoxic lymphocytes. 

This work was supported by NIH grants AI52812 and CA131973 to Y.S. 
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The ability to identify immunogenic determinants that activate T cells is important for the development of 
new vaccines, allergy therapy and protein therapeutics. In silico MHC class II binding prediction 
algorithms are often used for T cell epitope identification. To understand how well those programs predict 
immunogenicity, we compared the predicted and experimentally identified T cell epitopes on PE38, a 
fragment of an anti-cancer immunotoxin. We found that the IEDB-recommended method performed best 
among the seven programs tested. The predictions for individual donors did not correlate well with the 
experimental data. Although the two strongest epitopes were predicted, overall four out of nine epitopes 
were missed. The high rates of false positives and false negatives may impede the use of prediction 
programs. We conclude that MHC class II binding predictions are not sufficient to predict the T cell 
epitopes in PE38. 

We thank Peters Bjoern at La Jolla Institute for Allergy & Immunology and Chris Bailey-Kellogg at 
Dartmouth University for helpful discussions. This work was supported by the Intramural Research 
Program of the NIH, National Cancer Institute, Center for Cancer Research. 
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B cells are well-known as simply antibody producing cells though they also have an assortment of 
immunomodulatory mechanisms which have been found beneficial in many autoimmune and transplant 
models. Among their immunomodulatory functions are the ability to suppress and regulate the immune 
response through death ligands such as FasL and secretion of the immunosuppressive cytokine IL-10. The 
CD5+ subset of IL-10 secreting B regulatory cells is enriched with FasL+ killer B cells. Stimulation of 
CD19+ cells by CD40L and IL-5 enhanced IL-10 secretion and FasL killing. IL-4 was found to inhibit the 
enhancement of FasL killing however, effects on IL-10 secretion was not examined. We therefore 
hypothesize that the antagonistic relationship reported between IL-4 and IL-5 is also applicable in the 
secretion of IL-10 by CD19+ B cells. Using MACS purified CD19+ B cells from BalbC mice or healthy 
human samples, IL-4 was found to inhibit IL-5 and CD40L stimulated IL-10 secretion and induced 
secretion of IL-6. Interestingly however, in human B cells CD40L stimulation is sufficient to induce 
IL-10 secretion in the absence of IL-5. Previously reported markers of human B regulatory cells were 
examined by flow cytometry and found to have major changes in the presence and absence of IL-4. In 
determining the mechanism behind this novel antagonistic role, we investigated the importance of the 
transcription factor STAT6 which is critical in IL-4 signaling. STAT6 KO mice CD19+ B cells were 
compared to WT BalbC and displayed diminished effects of IL-4 inhibition of IL-10. The absence of 
STAT6 also abrogated the induction of IL-6 secretion by IL-4. In conclusion, stimulation of B cells to 
secrete IL-10 is abolished in the presence of IL-4 in both mice and humans, and induces secretion of IL-6. 
IL-4 inhibition of IL-10 and induction of IL-6, in mice, is mediated through the transcription factor 
STAT6. Continued investigation into the mechanism behind these results is underway. Understanding the 
IL-4 and IL-5 antagonistic relationship could potentially aid in the development of treatments targeted 
towards enhancing regulatory B cell populations. 
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Reasoning: Inhibition of valosin containing protein (VCP) was recently identified as a novel therapeutic 
strategy to control cancer progression. Although, many VCP inhibitors are available most of these 
therapeutic compounds have low solubility and poor bioavailability. Hence, we used polymers and 
dendrimers that can affectively solubilize drugs. In this study, a potent VCP inhibitor, DBEQ, was 
encapsulated into the dendrimer and a polymer (PLGA-PEG), then in vitro (H1299 cells) and in vivo 
methods were utilized to study the therapeutic efficacy for targeting of VCP in non-small cell lung 
carcinoma (NSCLC). Methods: We first compared two known VCP inhibitors, DBEQ (N2, N4- 
diebenzylquinzolione-2,4-diamine) and NMS-873(3-[3-Cyclopentylsulfanyl-5-(4′-methanesulfonyl-2-
methylbiphenyl-4-yloxymethyl)-[1,2,4]triazol-4-yl]-pyridine), to determine a potent VCP inhibitor for 
controlling NSCLC progression (H1299). The immunoblotting, migration, proliferation and caspase-3/7 
assays were utilized to determine the more effective drug. Next, the efficacy of generation-4 PAMAM 
dendrimer (hydroxyl surface) encapsulated DBEQ (for selected VCP inhibitor) was studied using the 
assays described above. The same experiments were also repeated for the PLGA-PEG encapsulated 
DBEQ. Finally, an in vivo study comparing tumor volumes and histology of engrafted tumors (H1299, 
2x106) in athymic-nude mice was performed to determine the anti-tumor activity of the subcutaneous 
PLGA-PEGDBEQ (15M; day10) injection. Results: Our results show that VCP inhibition significantly 
decreased cellular proliferation and migration with DBEQ treatment as compared to NMS-873 and 
control untreated cells. Immunoblotting indicated increased ubiquitin-accumulation in the soluble protein 
fractions of the DBEQ treated H1299 cells as compared to control cells. Using dendrimer encapsulated 
DBEQ, treated cells we observed decreased cellular migration rates as compared to the control (no 
treatment) and the empty dendrimer (p<0.05). Moreover, dendrimer encapsulated DBEQ showed 
significant decrease in cellular proliferation (p<0.01) and increased Caspase-3/7 mediated apoptosis 
(p<0.05). Similar results were also seen with PLGA-PEGDBEQ that resulted in a significant decrease in 
tumor migration and proliferation (p<0.001) as compared to the empty PLGA-PEG (p<0.001) 
nanoparticles. We also observed increased apoptosis in PLGA-PEGDBEQ treated cells suggesting its 
potential in controlling tumor progression. In addition, preliminary in vivo xenograft experiment showed 
significantly decreased tumor size with PLGA-PEGDBEQ (p<0.05) as compared to PLGA-PEG. Next, 
we aim to similarly test dendrimer encapsulated DBEQ in Xenograft model in order to determine the most 
effective proteostasis/VCP inhibition strategy to control NSCLC progression. Conclusions/Significance: 
These results indicated that the encapsulation of DBEQ into nanoparticles increases the bioavailability of 
the drug, which then more effectively inhibits VCP and leads to slower tumor progression and increased 
apoptosis of NSCLC.   
#Correspondence: vij1n@cmich.edu 
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Xenotransplantation is a potential solution for the shortage of organs for transplantation. However, potent 
xenograft rejection responses present a formidable barrier. Mixed xenogeneic hematopoietic chimerism 
has been shown in mouse models to induce tolerance among T, B and NK cells. NK cells play an 
important role in the rejection of xenogeneic tissues. We have shown previously in an allogeneic mixed 
chimerism model that specific NK cell tolerance is induced. In a rat-to-mouse transplantation model, in 
contrast, induction of mixed xenogeneic chimerism led to global hyporesponsiveness of recipient NK 
cells. In this study, we investigated whether pig/human mixed chimerism could tolerize human NK cells 
in a humanized mouse model. Our results showed that induction of human NK cells in pig/human mixed 
chimeras did not lead to enhanced loss of pig chimerism. NK cells from pig/human mixed chimeric mice 
showed either specifically decreased cytotoxicity to pig cells or global hyporesponsiveness as in vitro 
cytotoxicity assay, indicating that mixed xenogeneic chimerism resulted in variable and partial or 
complete tolerance of human NK cells to pig cells. Mixed xenogeneic chimerism did not hamper the 
maturation of human NK cells, but was associated with an alteration in NK cell subset distribution in the 
bone marrow. In summary, our results demonstrate that mixed xenogeneic chimerism is able to induce 
partial human NK cell tolerance to pig cells and support the use of this approach to inducing xenogeneic 
tolerance in the clinical setting. However, additional approaches are required to improve the efficacy of 
tolerance induction while assuring adequate NK cell functions. 

We thank for expert assistance with the manuscript, Dr. Jianzhu Chen for helpful comments on the paper, 
and Drs. David H. Sachs and Scott Arn for providing pig tissues and reagents. This work was supported 
by National Institutes of Health Grant P01AI045897-14 (to M.S.). P.V and G.C were supported by the 
Dutch Cancer Society (KWF; project UVA 2010-4648). M.H was supported by Austrian Science Fund 
(FWF) J3416-B19. S.C was supported by the NIH/NHLBI Ruth L. Kirschstein National Research Service 
Award (T35). Research reported in this publication was performed in the CCTI Flow Cytometry Core, 
supported in part by the Office of the Director, National Institutes of Health under awards S10RR027050 
and S10OD020056. The content is solely the responsibility of the authors and does not necessarily 
represent the official views of the National Institutes of Health. 
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Human induced pluripotent stem cells (iPSC) are reported to be similar to embryonic stem cells (ESC) in 
terms of their gene expression signature and multipotency. As such, iPSC have tremendous therapeutic 
potential for regenerative medicine. One application of this technology could be for adoptive cell transfer 
(ACT). A major problem with ACT of tumor-infiltrating lymphocytes (TIL) is that these cells are often 
terminally differentiated and physiologically exhausted from chronic stimulation. Studies strongly suggest 
that ACT of less differentiated T cell subsets (naïve and memory cells) have greater potential for 
proliferation, improved persistence, and superior anti-tumor killing potential than effector subsets. Thus, 
the generation of tumor-specific naïve T cells from iPSC is an exciting possibility for cancer 
immunotherapy. We have previously shown that human iPSCs can be derived from mature antigen 
specific cytotoxic T cells. Furthermore, co-culture with OP9/DLL1 stromal cells induced human iPSCs to 
differentiate into unconventional CD8aa single positive (SP) T cells with specificity for the original 
antigen. However, it is not known whether iPSCs can differentiate into mature post-thymic CD4 or CD8 
SP cells in vitro. In this study, we differentiated human iPSC into CD5+CD7+ T cell progenitors, which 
we then transferred to a fetal thymus organ culture (FTOC). T cell progenitors cultured in FTOC 
differentiate into double positive (DP) cells and undergo selection events allowing continued maturation 
towards CD4 or CD8 SP T cells. They also eventually express the surface markers CD62L, CD45RA, and 
CD45R in patterns consistent with those of naïve T cells, central memory cells, and T cell effectors. 
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Natural Killer cells are promising effectors in techniques such as adoptive cell therapy for the treatment of 
cancer. Currently, there is a lack of knowledge about NK cells and their different subsets. In order to 
maximize the efficacy of adoptive cell therapy using these cells, more research needs to be conducted on 
NK cell ontogeny and the biological differences between these subsets. Natural Killer cells are defined by 
the expression of CD56, CD16 and a lack of CD3 cell surface markers. Our research has identified a 
novel subset of immune cell whose phenotype shows many NK cell specific markers while 
simultaneously lacking the expression of CD56 and CD16. This novel population also does not express 
standard B-cell (CD19, CD20), T-cell (CD3), monocyte/macrophage (CD14) and other myeloid (CD33) 
surface markers. These “double negative” (DN) cells express markers such as NKp30, NKp46, CD224, 
CD94, CD127, CD8, NKG2D and NKG2A. The expression of these markers leads us to believe these DN 
cells are a novel type of NK cell or NK cell precursor not yet described in the literature. To study these 
DN cells, we sorted and then cultured this subset, which lacks CD56 and CD16 for 14 days with IL-2 
(500 IU/µL) and irradiated Epstein Barr-Virus transformed Lymphoblasts as feeder cells. After the two-
week culture, the DN population had expanded and proliferated into CD56sp cells as well as regenerating 
into more DN cells. At this point both populations were phenotyped using flow cytometry with a NK cell 
specific panel. DN as well as CD56sp cells generated from the original DN population increased their 
expression of a number of activating and maturation receptors; CD30, CD127, CD161, CD57, CD8a, 
CD244, NKp30, NKp44, CD25, CD69, intracellular IFN-γ, and perforin. The inhibitory receptors 
measured, including CD94, CD158e and NKG2A, showed minimal changes, suggesting a change in 
licensing status of these in-vitro generated NK cells. An additional stain with CD34 was conducted to 
ensure this novel population was not stem cells. These expanded DN and CD56sp NK cells may serve as 
better effectors for clinical treatments as they appear to be more activated and have increased expression 
of cytotoxic markers. Interestingly, CD56SP cells generated from DN expansion also possess superior 
cytolytic function as measured by a degranulation assay (CD107a expression). The cells are more 
cytotoxic than endogenous or expanded CD56 NK cells. This DN cell subset represents a self-renewing 
progenitor for CD56sp NK cells, which potentiated through expansion, may serve as a good effector cell 
for cancer treatment. 
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Although B7 is essential for T-dependent Ag-specific Ab production, little is known about cell type 
specific role of B7 for these responses. Utilizing B7cKO mice, the cell type specific roles of B7 
costimulation for T-dependent GC and Ab responses were analyzed. Upon NP-OVA/Alum immunization, 
NP-specific IgG1 production was profoundly defective in mice lacking B7 expression on DC (DC-B7KO) 
but was intact in mice lacking B7 on B cells (BC-B7KO). Consistent with this, NP-binding GC B cells 
and Ag-specific CD4+ T cell expansion were not observed in DC-B7KO. Surprisingly, however, GC 
formation and total numbers of GC B and TFH were undiminished in DC-B7KO; whereas BC-B7KO 
showed reduction of total number of GC B and TFH despite normal numbers of NP-binding GC B. These 
results demonstrate that B7 on DC but not B cells is critical for Ag-specific CD4+ T cell expansion and 
IgG1 production. In contrast, a distinct pathway dependent upon B7 on B cells but not DC supported 
apparently Ag-nonspecific GC response. Of interest, MHCII on B cells but not on DC, was required for 
Ag-nonspecific GC response, indicating that cognate T-B but not T-DC interaction was responsible for 
eliciting Ag-nonspecific GC response. Our study revealed a previously unappreciated B7-dependent 
Ag-nonspecific Ab production pathway and demonstrated distinct cellular and molecular pathways for 
Ag-specific and Ag-nonspecific components of T-dependent Ab responses. 
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T regulatory cells (Tregs) are a subset of CD4+ T cells that are known to suppress CD4+ T cells under 
homeostatic conditions, after infection, and when a response is not self-tolerant. Tregs are able to do this 
through multiple mechanisms including surface expression of negative costimulatory molecules, such as 
CTLA-4 and CD39, and secretion of suppressive cytokines, such as IL-10 and TGF-Beta. It is currently 
unclear whether Tregs are able to suppress inflammatory functions of other immune cells, such as B cells. 
Until recently it was believed that Tregs were decreased in patients with autoimmune conditions, such as 
systemic lupus erythematosus (SLE). Now that better extra- and intracellular markers of Tregs have been 
established, it is clear that Tregs are not decreased in SLE and may even correlate positively with disease 
activity. Another hallmark of SLE disease is the presence in high titers of auto-antibodies. Therefore, we 
hypothesized that in SLE Tregs are deficient in their ability to suppress Ig production by B cells 
compared to healthy controls. To test this hypothesis, we first established a reproducible and cost-
effective protocol for collecting an 80–85% pure population of Tregs from whole blood using their 
surface markers (CD4+C127loCD25hi). We then determined optimal conditions for stimulation of IgM 
by Ramos B cells and developed an in-house anti-human IgM ELISA protocol, as well as Treg:B cell 
suppression assay. Finally, we have some preliminary data that suggests healthy Tregs may be able to 
suppress IgM production by Ramos B cells. In the future we plan to confirm that healthy Tregs can 
suppress IgM production by Ramos cells and determine if SLE Tregs are defective in this function. In 
addition, we hope to elucidate the mechanism by which Tregs suppress Ig production. 
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The thymic medullary compartment has a central role in tolerizing developing TCRab+ CD4 and CD8 
single positive (SP) thymocytes. In turn, SP thymocytes are required for normal maturation of medullary 
thymic epithelial cells (mTEC). In the absence of TCRab+ SP thymocytes, the thymic medullary 
compartment is much smaller and numbers of mTEC are dramatically reduced. We recently demonstrated 
that the requirement for TCRab+ SP thymocytes in mTEC development can be overcome when Traf3, an 
inhibitor of NIK-dependent NF-kB signaling, is absent in TEC. In contrast to TCRa KO mice, TCRa 
KO/TEC-specific Traf3 KO mice have mTEC numbers comparable to that of wildtype mice. Traf3 
inactivation also overcomes the requirements for LTbR and CD40 in mTEC development. Interestingly, 
however, we find that mTEC cell numbers are not rescued in TCRa KO/TEC-specific Traf3 KO mice. 
TCRa KO mice, like TCRa KO mice, lack SP thymocytes but also lack post-beta-checkpoint TCRa+ DN 
and DP thymocytes. This result suggests that a cell type(s) other than a TCRab+ SP thymocyte is required 
for normal mTEC development even in the absence of Traf3 and that this requirement is mediated by 
molecular interactions other than those involving LTbR and CD40. Studies to determine the identity of 
this thymic cell population and the corresponding molecular pathways involved in mTEC development 
are underway. 
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Background: hTERT, the human catalytic reverse transcriptase subunit of telomerase, is highly expressed 
in breast, lung, and pancreatic cancers. Peptides derived from hTERT can be recognized on MHC by 
cytotoxic T cells and mediate tumor death. In preclinical studies, TERT DNA delivered with 
electroporation (EP) triggered an immune response in vivo that slowed tumor growth in HPV16-
associated tumor-bearing mice. The advantages of DNA-based immunotherapy include (1) strong 
immunogenicity exceeding those achieved by viral vectors; (2) noninfectiousness of the immunogen; 
(3) ability for repeated dosing; and (4) relatively low cost. EP can be used to optimally and safely deliver 
DNA in vivo by creating a transient electric field to enhance the cellular uptake of large molecules such 
as DNA. The addition of IL-12 to hTERT significantly enhanced immune responses in preclinical models. 
We hypothesized that generation of robust T-cell immunity by immunotherapy with hTERT + IL-12 can 
be clinically used to reduce the risk of relapse in high-risk cancer patients in the adjuvant setting. 
Methods: This hypothesis is being tested in a phase 1 clinical trial (NCT02327468) sponsored by Inovio 
and opened at Abramson Cancer Center of the University of Pennsylvania. INO-1400 is a plasmid 
encoding hTERT. INO-9012 is a dual promoter plasmid encoding human IL-12 subunits p35 and p40. 
INO-1400 and INO-9012 are delivered IM followed by EP with the CELLECTRA device. This is an 
open-label, dose escalation study in patients with lung, pancreas, or breast carcinomas at high risk of 
relapse. Eligible patients must have early stage ER positive or HER2 positive, or any stage triple negative 
breast cancer; or Stage IB-IIIA NSCLC; or Stage I-III pancreatic cancer. Patients will enroll at least 4 and 
no more than 16 weeks after completion of definitive surgery and adjuvant therapy into 1 of 6 cohorts 
(total N = 54): dosing INO-1400 at 2 or 8 mg with or without INO-9012 at 0.5 or 2 mg, with EP, once 
every 4 weeks for 4 total treatments. Primary Endpoints: Safety and tolerability. Secondary Endpoints: 
(1)  Time to progression; (2) Antigen-specific T cell response by IFN-gamma ELISpot and flow 
cytometry; (3) antigen-specific humoral responses by ELISA. This study is enrolling. As of May 2015, 4 
subjects (3 Lung cancer, 1 pancreatic cancer) have been treated. 
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The chemokine receptor CXCR4 plays an important role in homing, retention, and quiescence of 
hematopoietic stem cells (HSCs) in the bone marrow (BM). Previously, a patient designated 'WHIM-09' 
with WHIM syndrome, a primary immunodeficiency caused by a gain-of-function mutation of CXCR4, 
was found to have been spontaneously cured by chromothripsis (chromosome shattering). The mutant 
allele CXCR4R334X and one copy of 163 other genes on chromosome 2 were deleted presumably in a single 
HSC, which then repopulated the patient's BM. To determine whether Cxcr4 hemizygosity per se confers 
selective engraftment advantage of HSCs, we performed competitive BM repopulation studies using 
donors and recipients from a WHIM syndrome mouse model (Cxcr4+/S338X), hemizygous Cxcr4 mice 
(Cxcr4+/o), and wild-type mice (Cxcr4+/+). In these competitive transplantation assays, hemizygous HSCs 
displayed enhanced proliferation and sustained myeloid reconstitution compared to HSCs from either 
wild type or WHIM mice. Our findings 1) indicate that Cxcr4 haploinsufficiency enhances HSC 
engraftment in this system, 2) provide a potential explanation for chromothriptic cure of WHIM 
syndrome in patient WHIM-09, and 3) suggest that inducing Cxcr4 haploinsufficiency by gene editing 
may facilitate HSC engraftment in gene therapy and other HSC transplantation applications. 


