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CD8+ T cell exhaustion is characterized by co-expression of multiple inhibitory receptors and loss of effector 
function, which limits antitumor immunity. Relatlimab (anti-LAG3; rela) and nivolumab (anti-PD1; nivo) in 
combination has demonstrated clinical efficacy in advanced melanoma and in the perioperative setting. However, 
the mechanism(s) underlying this increased efficacy have yet to be elucidated. To assess these mechanism(s), 
we designed a phase 2 clinical study (NCT03743766) wherein patients with advanced melanoma naïve to prior 
immunotherapy were randomly stratified 1:1:1 to receive either rela, nivo or the combination of rela + nivo. We 
obtained peripheral blood and tumor specimens prior to and at 4 weeks following initiation of therapy and 
performed 5’-based single-cell RNAseq (scRNAseq) on sorted live immune cells. From 22 patients (7-8 per arm), 
we identified a total of 33,646 CD8+ T cells from blood and tumors. At 4 weeks following initiation of treatment, 
we found that each therapeutic arm led to a distinct transcriptional signature in CD8+ T cells, with synergistically 
upregulated T cell receptor signaling following rela + nivo treatment. Interestingly, we also found that rela + nivo 
uniquely modulated CD8+ T cell differentiation, resulting in the coupling of effector and exhaustion gene modules 
upon terminal differentiation. Computational reconstruction of transcription factor-driven gene modules 
demonstrated that PRDM1, BATF, TOX, and ETV1 were collectively responsible for the cooperative coupling of 
effector and exhaustion modules following rela + nivo. Analysis of CD8+ T cell receptor usage revealed 
emergence of intratumoral clones post-treatment that were not present at baseline. In contrast to the 
monotherapy arms, emergent clones from rela + nivo were enriched for functional signatures including TCR 
signaling and interferon gamma responses compared with clones present both before and after therapy. Finally, 
a rela + nivo post-treatment intratumoral CD8+ T cell signature was associated with favorable prognosis in 
multiple external cohorts, demonstrating that this on-therapy CD8+ T cell signature is reflective of effective 
cellular antitumor immunity. In contrast to the proliferative burst derived from stem-like CD8+ T cells following 
blockade of PD1/PDL1, our study reveals that a distinct molecular mechanism underlies the clinical efficacy 
observed following treatment with rela + nivo. 
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To date, limited success of chimeric antigen receptor T cell (CART) therapy has been observed in solid tumors. 
A possible strategy to overcome these hurdles could be the combined use of CART with IMSA101, a novel 
stimulator of interferon genes (STING) agonist, to effectively modify the tumor microenvironment prior to 
engineered T cell administration. We established two syngeneic flank tumor models using immunocompetent 
C57BL/6 mice to test this combinational approach. Mice were either implanted with PDA7940b, an 
immunologically cold murine pancreatic ductal adenocarcinoma (PDA) cell line derived from KPC 
(KrasLSL.G12D/+p53R172H/+) mice, or with B16, an immunogenic murine melanoma cell line. Animals were 
treated approximately one week after tumor cell injection with intratumoral IMSA101 alone, intravenous CART 
alone, IMSA101 + CART, or were left untreated for control. The TME was analyzed by flow cytometry and 
immunohistochemistry. In addition, RNA was extracted from intratumoral CART for gene expression and 
pathway enrichment analyses, and mouse serum was analyzed for cytokines. To characterize direct effects of 
IMSA101 on human CART, a xenograft flank tumor model was established using immunodeficient NSG mice 
and human PDA AsPC-1 cells. Tumor clearance was seen in all B16 tumor-bearing mice, as well as in some 
PDA7940b tumor-bearing mice when both treatments were combined, which resulted in significantly improved 
overall survival when compared to CART-alone or IMSA101-alone groups. Clinical signs of distress or treatment-
related weight loss were not observed in any of the mice. More CART were detected in tumors of 
IMSA101+CART-treated mice when compared to mice treated with CART alone. Importantly, gene expression 
analysis of intratumoral CART between these two cohorts showed activation as well as effector T cell signatures 
in the combination treatment group. Also, more pro-inflammatory cytokines were detected in serum of mice 
receiving combination treatment in both syngeneic models. Initial results confirmed that IMSA101 also enhances 
human CART anti-tumor efficacy and improves overall survival in immunodeficient NSG mice. In summary, i.t. 
IMSA101 improved CART trafficking into the tumor, induced intratumoral CART activation, and significantly 
enhanced overall anti-tumor efficacy and survival in syngeneic as well as immunodeficient mice, suggesting 
direct and indirect mechanisms of enhanced antitumor immunity. 
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Background: Immune checkpoint blockade (ICB) therapies have revolutionized treatment for cancer patients, yet 
minority do not respond, highlighting the importance of understanding therapeutic resistance. Interferon-gamma 
(IFNγ) drives protective T cell responses yet also promotes T cell exhaustion during tumor progression. Such 
dichotomy by IFNγ impacts ICB responses. However, how IFNγ modulate immune responses on exhausted T 
(TEX) cells remains unanswered. Our lab has been extensively studying lineage plasticity of TEX cells by 
lineage-tracing lymphocyte activation gene-3 (LAG3) cells in context of anti-tumor responses. We hypothesize 
understanding the temporal expression profile of IFNγ on TEX cells will help address mechanistic insights into 
diverse responses to ICB. 
Methods: To evaluate the pleiotropic role of IFNγ, we established two unique murine models, one assessing 
temporal tamoxifen induced global transcriptional profile of Ifnγ on Lag3-expressing cells (Lag3iCreERT2 
IfnγYFP Rosa26LSL-tdTomato). This allows the immune cell-specific contribution of IFNγ on progenitor TEX 
versus terminal TEX. The second model temporally induces genetic deletion of Ifnγ on Lag3 cells (Lag3iCreERT2 
IfnγL/L Rosa26LSL-tdTomato). Melanoma (B16F10) and adenocarcinoma (MC38) models were used to 
evaluate tumor growth and survival kinetics, TEX cell profile and response to ICB therapy.  
Results: Transcriptional profile of Ifnγ shows, IFNγ is expressed by LAG3 cells as early as D7 (progenitor TEX), 
with NK and NKT cells as major contributors and maintained through a terminally TEX state (D23), with CD8+ T 
cells as major IFNγ-producing cells. Using Lag3iCreERT2 IfnγL/L Rosa26LSL-tdTomato model system, early 
temporal deletion of IFNγ (D5D7) potentiated tumor growth with no survival advantage with anti-PD1, 
suggesting during initial antigen exposure, IFNγ is necessary for reinvigoration of anti-tumor response and 
deletion of Ifnγ augments T cell exhaustion. However, with later time-point deletion (D11~D13), we observed 
50% survival advantage with anti-PD1, suggesting tumor microenvironment modulates ICB response in a time-
dependent manner.  
Conclusion: This study highlights distinct temporal response pattern and exhaustion profile with Ifnγ deletion in 
pre-exhausted vs terminally exhausted Lag3+ cells. IFNγ production at early time points (D5D7) is a key 
mediator of anti-tumor immunity while the deletion of Ifnγ at terminal points (D11D13) highlights better ICB 
response. 
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Genetically engineered T cell with chimeric antigen receptor (CAR) through ex vivo manipulation allows T cells 
to recognize and eradicate tumor cells with enhanced efficacy. While clinical success in treating hematological 
malignancies using CAR-T cells has given promising results, combating solid tumors remains challenging due 
to unique hurdles of solid tumors including the scarcity of tumor-specific antigens and the presence of highly 
immunosuppressive tumor microenvironment (TME). These obstacles lead to serious “on-target off-tumor” 
toxicities, and reduce immune cell’s functionality towards solid tumors, which presents a key challenge to the 
advance of this therapy in clinical settings. Here in this research, a novel strategy was developed using 
resembled genetic “AND” gate that integrates chemically-induced proximity (CIP) and cancer-inducible prodrug 
strategy to generate the next generation of CAR-T cells (TME-CAR T-cell) with enhanced selectivity and 
effectiveness, thereby minimizing toxicities. Using this strategy, the activation of engineered T cells and the 
delivery of cytotoxic effects will be controllably achieved only when the right combination of “tumor antigen” and 
“chemical reactivity properties” of the TME are detected. This enables precise control of T cell therapeutic 
activities within desired time frame and space. This new technology was built on the abscisic acid (ABA)-based 
CIP and its associated reactivity-based caging/sensing technology. The ability to use small molecules and 
intrinsic cancer signals along with conventional tumor associated antigen to control over the location, duration 
and intensity of the therapeutic functions of engineered T cells is greatly important to ensure a more effective 
and safer therapy for solid tumors. This type of multi-signal requirement control system could lead to precise 
immune activation to a wide range of tumors. 
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The application of immune checkpoint inhibitors (ICIs) have provided cancer patients with an innovative 
treatment option that can improve survival outcomes. However, such success has been modest in several cancer 
types, including triple-negative breast cancer (TNBC). There are multiple factors that can limit ICI outcomes, 
including the induction of myeloid-derived suppressor cells (MDSCs). Multiple cancer types, including TNBC, 
secrete myelopoietic growth factors that promote the generation of MDSCs in the bone marrow. Recent work in 
our laboratory has shown that targeting MDSC biogenesis with a novel class of differentiation agents, known as 
dihydroorotate dehydrogenase (DHODH) inhibitors, facilitates MDSC maturation and dampens their immune 
suppressive function, thus enhancing ICI efficacy against both primary and metastatic disease in ICI-resistant 
preclinical models of TNBC. The enzyme DHODH is a rate-limiting step in pyrimidine biosynthesis and other 
groups have shown that DHODH blockade promotes terminal differentiation of acute myeloid leukemia cells in 
preclinical models. However, the mechanisms by which DHODH inhibition drives MDSC maturation remain 
unknown. Based on the rationale that DHODH is integral in uridine metabolism in the mitochondria and that 
increased oxidative phosphorylation (OxPhos) plays important roles in MDSC function, we have been testing the 
hypothesis that DHODH inhibition drives MDSC maturation by dampening OxPhos while indirectly boosting 
CD8+ T cell activation and function, leading to increased antitumor activity. Our data indicates that our DHODH 
inhibitor of interest, brequinar (BRQ), induces MDSC ‘reprogramming’ as demonstrated by a decrease in multiple 
immune suppressive genes in both the spleen and tumor of BRQ-treated TNBC-bearing mice compared to 
vehicle controls. Moreover, we show that intra-tumoral CD8+ and CD4+ T cells express markers of activation, 
consistent with the antitumor response induced by the combination of BRQ and ICIs. Several studies highlight 
the importance of metabolic pathways on functional outputs of multiple immune cell subsets, supporting our 
hypothesis that BRQ likely alters MDSC function through metabolic-dependent mechanisms. Altogether, our 
work has important implications for targeting a novel pathway and vulnerability in MDSCs to mitigate their burden, 
thereby potentially improving outcomes of ICIs and other immunotherapy interventions where MDSCs play a key 
role. 
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One of the major hurdles in immunotherapy is the lack of effective immunological antigens to specifically target 
cancer. Therefore, identification of novel tumor associated antigens (TAAs) continues to be a critically important 
requirement to expand the efficacy of modern immunotherapy approaches. Altered energy metabolism, 
excessive ROS production, and physical vicinity of the mtDNA to the OXPHOS are all factors associated with 
somatic mtDNA mutations in cancer. mtDNA mutations meet all the criteria for an ideal vaccine: 1. Immunogenic 
2. Specific to Cancer 3. Functionally important. Our group generated a dendritic cell (DC) vaccine using lysates 
of mitochondria derived from RENCA cells, a spontaneously arising renal adenocarcinoma harboring mtDNA 
mutations. Protective immunity was observed when the vaccine was used prophylactically and therapeutically. 
We detected a higher expression of the PD1/PD-L1 pathway upon vaccination, hence we combined the TAMAs 
vaccine with an ICI, empowering the vaccine efficacy due to higher CD8+ infiltrate and higher expression of 
IFNƔ. Since the ability of tumor cells to capture and transfer mitochondria from neighboring cells including 
endothelial cells, we analyze a possible impact of the TAMAs vaccine re-routing toward tumor vasculature. 
Interestingly, in RENCA tumor bearing mice treated with TAMAs vaccine we observed significant tumor 
vasculature restructure and “normalization”. We validate these results in vitro by mimicking the in vivo tumor to 
endothelial cells mitochondria transfer and subsequently TAMAs specific T recognition of the endothelial cells 
bearing the TAMAs obtained by the mitochondria transfer. 
To validate similar mechanisms in humans, we first analyzed mt DNA New Generation Sequencing (NGS) data 
on different cancer patients’ cohorts (total of 191) finding at least 31% of patient harboring immunogenic mt 
missense mutations. Second, human healthy donor PBMCs were primed with peptides derived from these 
mtDNA mutations: strikingly, 100% of them responded to at least two peptides. Third, using patient tumors 
tissues we validated the mt transfer from tumor to endothelium and in line with our results, we identified specific 
tumor mt mutations associated with decreased tumoral CD31 staining, suggesting a specific T cell reactivity 
against the tumor vessels. 
In conclusion, we validate the immunogenicity of TAMAs in human and unveil a new immunological mechanism 
of vasculature pruning.  
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Introduction: Tryptophan (Trp) as an essential amino acid that can only be obtained through diet and is a 
precursor of serotonin and melatonin and required for protein and niacin biosynthesis. In addition, Trp is 
appreciated for its influence on both host and microbial metabolism. Trp is shunted into the Kyn pathway (mostly) 
and indolic pathway (bacterial degradation), especially in the immune cells. Both Kyn and Indole/indole 
derivatives, in part by activating the ligand-dependent transcription factor aryl hydrocarbon receptor (AhR), can 
become dysfunctional in cancer. Most individuals with cancer such as colon cancer (CRC), exhibit increased L-
kynurenine levels, which in part is explained by progression of immunosuppressive phenotype and excessive 
inflammatory signaling molecules. To date, studies in mice and humans have linked Kyn and AHR as potent 
modulators of host immunity to CRC. Nothing is yet known about their role in pre-cancer, during the development 
of adenomatous polyps. We hypothesized that increases in plasma Kyn and I3A and their receptor AHR on 
immune cells would be detected in patients with pre-malignant polyps, suggesting dysbiosis and increased CRC 
risk due to immune modulation.  
Methods: We measured with mass spectrometry Kyn and I3A in plasma samples of 88 polyp patients and 
compared to 22 CRC patients. We analyzed by flow cytometry PBMCs from 64 newly diagnosed advanced polyp 
patients (40-70 years old) and 9 age-matched CRC patients in order to evaluate AHR expression in different 
subsets of T cells, NKT cells and NK cells, and their possible association with exhaustion markers Tim-3, LAG-
3 and PD-1, as well as Granzyme K, and the presence of immunosuppressive Treg and MDSC.  
Results: We showed high level of expression of gut microbiota-derived metabolites in plasma of colon pre-cancer 
compared to cancer patients. We identified CD8+ T effector memory cells (TEM) as primary T cell population 
expressing their receptor AHR in polyp patients, which had a statistically significant association with Granzyme 
K expression, which is a hallmark of inflammaging.  
Conclusions: Our results suggest gut microbiota-derived metabolites as potential mediators of 
immunosuppression in the setting of premalignancy, which could increase cancer risk and be targets of cancer-
preventing strategies. 
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Obesity is a risk factor for pancreatic ductal adenocarcinoma (PDAC). Increased visceral adipose tissue (VAT) 
is metabolically active and contributes to metabolic and inflammatory dysfunctions that increase the risk of 
developing many diseases, including PDAC. PDAC is unresponsive to immunotherapy. Obesity promotes pro-
inflammatory cell recruitment and cytokine expression in the adipose tissue and PDAC tumors. However, after 
cancer diagnosis, higher adiposity is associated with improved immunotherapy responses and patient survival, 
referred to as the obesity paradox. This study aimed to identify molecular mechanisms of obesity-associated 
PDAC and identify pathways that could be driving the obesity paradox. Genetically engineered mouse models 
of PDAC were fed either an obesogenic diet or a control diet for 6 and 12 weeks. VAT and subcutaneous adipose 
tissue (ScAT) were collected from mice at 6 and 12 weeks, and RNA was isolated. Transcriptomic changes were 
measured using the Mouse Clariom S Affymetrix microarray on RNA isolated from VAT, while qPCR was 
performed on RNA isolated from both VAT and ScAT of these mice. We identified multiple genes associated 
with anti-inflammatory pathways and a downregulation of the inflammatory response pathway that were 
differentially expressed in the VAT of obese PDAC mice compared to mice on the control diet. Among the genes 
identified, solute carrier 5 member 7 (Slc5a7) showed the greatest upregulation in expression in the VAT and 
was verified by qPCR. Fold-change gene expression of Slc5a7 was increased in VAT and ScAT of the obese 
PDAC mice compared to control mice. Increased expression of Slc5a7 in the VAT compared to the ScAT of 
PDAC mice was also observed, regardless of diet. Slc5a7 is a high affinity choline transporter involved in the 
inflammatory reflex, also known as the cholinergic anti-inflammatory response. Upregulation of Slc5a7 in obese 
PDAC mice may be triggering an anti-inflammatory signaling pathway and shifting the immune responses in 
obesity-associated PDAC. Exploring the mechanisms of differentially expressed genes in the adipose tissue 
during obesity-associated PDAC could uncover drivers of the obesity paradox that may result in new ways to 
improve immune responsiveness and enhance overall survival of PDAC. 
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Glioblastoma multiforme (GBM) is the most common malignant brain tumor in adults, with a median survival of 
15-18 months. Despite extensive research it remains incurable. Previous work from our group has shown that 
Collagen I expressed by glioma cells is a key factor in glioma growth (Comba et al. 2022). Employing genetically 
engineered mouse models (GEMM) of glioma, NPA (NRas, shP53, shATRX), we identified that Collagen 1α1 
(Col1A1) downregulation reduces tumor malignancy. COL1A1 knockdown extends median survival and 
diminishes proliferation. However, the mechanisms underlining these changes remain unknown. LAIR-1 is a 
collagen receptor that was originally described as an inhibitory receptor in immune cells that plays critical roles 
in the immune imbalance of autoimmune diseases and cancers. Nonetheless, several studies have 
demonstrated LAIR-1 expression in tumor cells, yet its role in glioma remains unclear. Here we describe that 
glioma cells express LAIR-1, and that its molecular ablation in vitro showed reduced cell proliferation. In addition, 
in vivo GEMM lacking LAIR-1 (NRas, shP53, shATRX, shLAIR-1) exhibit improved median survival (NPA MS:74 
vs NPAL MS:119). NPAL tumors exhibited less PCNA+ cells (i.e., proliferating cells) than NPA tumors. Our 
preliminary data suggest that LAIR-1 expressed in glioma cells has a role in glioma malignant behavior. Currently 
we are characterizing further the role of LAIR-1 in high grade gliomas, as well as its potential as a therapeutic 
target. We hypothesize that blocking the interaction between LAIR-1 and collagen in the tumor microenvironment 
may improve median survival by reducing tumor proliferation. 
Comba et al. Spatiotemporal analysis of glioma heterogeneity reveals COL1A1 as an actionable target to disrupt 
tumor progression. Nat Commun 13, 3606 (2022). 
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Gliomas are incurable malignancies whose unique immune microenvironment is notable for abundant 
immunosuppressive myeloid cells. Utilizing scRNA-seq data for 175,321 myeloid cells from 92 tumors, we define 
15 recurrent gene programs that distinguish myeloid cell states and associated immunomodulatory programs. 
Shared pro-inflammatory and immunosuppressive signatures are evident in subsets of microglia, macrophages, 
and monocytes across isocitrate dehydrogenase (IDH)-wild-type and IDH-mutant tumors. Characteristic 
immunosuppressive signatures are evident in endogenous microglia as well as bone marrow-derived cells, as 
shown by lineage inference from mitochondrial DNA mutations. Invading monocytes can express nearly any 
activity or identity program, including microglia-like programs, consistent with a high degree of plasticity in the 
tumor microenvironment. Integration of spatial transcriptomic data reveals that immunomodulatory myeloid 
programs are spatially organized around hypoxia and cellular tumor. Patient data and perturbation of ex vivo 
glioma organoids demonstrate clinical therapies impact myeloid program expression, including dexamethasone 
driving a dramatic increase in immunosuppressive program expression, while p300 inhibition depletes these 
programs. Collectively, these studies provide data needed to rationally-design myeloid targeting strategies to 
increase the efficacy of immunotherapy for glioma patients. 
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While costimulatory and cytokine signals can shape an antigen-stimulated T cell immune response, it is now 
clear that nutrient availability and intrinsic metabolic pathways play key roles in T cell function and fate. Indeed, 
the effects of post-prandial metabolism on T cell function and fate are unstudied. Here we show that short periods 
of fasting and refeeding can have long-lasting effects on T cell immunity. T cells from fed hosts have higher 
mitochondrial capacity and volume compared to T cells from fasted hosts. Remarkably, these metabolic 
phenotypes persist after activation and 7 days of expansion in vitro. Further, when OT-I naïve T cells from 
congenically mismatched fasted and fed mice were co-transferred into VacciniaOVA-infected hosts, fasted T 
cells failed to fully engage an effector response and formed dramatically fewer memory T cells after viral 
clearance. Metabolomic profiling of serum revealed serum triglycerides (as a likely culprit for postprandial 
metabolic reprogramming. Chylomicrons enriched from lymphatics of fed mice were sufficient to impart metabolic 
reprogramming on fasted T cells in a manner antagonized by the chylomicron protein apoCIII. Therapeutic T 
cells expanded in vitro from fasted mice failed to control tumor growth compared to fed ones. Our data suggest 
that T cells are exquisitely sensitive to systemic metabolic changes in the postprandial period and inherit those 
metabolic programs for several generations. Further, our study highlights the need to consider diet content and 
timing as key factors in immunology, in immune cell analysis, vaccination strategies, and the generation of 
cellular therapies for disease. 
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Introduction: Ductal carcinoma in situ (DCIS) is a noninvasive precursor to invasive breast cancer. Although not 
all DCIS lesions progress to cancer, most DCIS are treated as early breast cancer, given the uncertainty of which 
lesions will progress. The current increase in the incidence of DCIS has sparked interest in the immune 
contexture of the DCIS lesions as well as the immune status of DCIS patients, as a means to predict which DCIS 
lesions will progress to cancer. Studies done so far in invasive breast cancer showed that the immune system 
can mediate both tumor-promoting influence (via T regulatory (Treg) cells, M2 macrophages, myeloid-derived 
suppressor cells (MDSCs)), as well as tumor-suppressing influences (via CD8+ and CD4+ effector T cells, 
natural killer cells (NK), M1 macrophages, tissue-resident memory T (Trm) cells, B cell and dendritic (DCs) cells). 
Similar studies are still lacking in DCIS. Our aim was to start closing the gap in our understanding of the DCIS 
immune microenvironment, which will pave the way for novel preventative and therapeutic strategy.  
Methods: We analyzed by flow cytometry peripheral blood mononuclear cells (PBMCs) from newly diagnosed 
DCIS patients for the presence of various immune cell types expressing specific phenotypic markers of immune 
effectors or immune suppressors and compared them with PBMC from age-matched healthy individuals. 
Results: We found a statistically significant increase in the frequency of FoxP3+ regulatory T cells in DCIS PBMC 
compared with healthy controls. There was also a significant increase in Tim-3+CD8+ T effector memory cells 
(P= 0.035) and Tim-3+ CD8+ NKT cells (P = 0.033) in the PBMCs of patients with DCIS compared with healthy 
controls. T cells expressing other exhaustion markers, such as PD-1+ and LAG-3+ were present at very low 
levels in both groups.  
Conclusion: Our results suggest that some of the many immunosuppressive mechanisms seen in patients with 
invasive breast cancer, such as regulatory T cells, are already present in pre-cancer DCIS. Evidence of the 
beginning of immune suppression is also reflected in the increased frequency of CD4+ and CD8+ T cells 
expressing the exhaustion marker Tim-3.  
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Durable responses have been observed with adoptive T cell therapy in chemotherapy and immunotherapy 
refractory patients. However, current T cell products do not always lead to therapeutic responses. T cell intrinsic 
factors that lead to failure in immunotherapy have been attributed to T cell exhaustion and poor mitochondrial 
quality. T cell mediated immunity can be impaired by overt PI3Kδ signaling by altering transcriptional rewiring 
and metabolism. Recently, chronic PI3K signaling is associated with loss of mitochondrial transcription and 
mitochondrial DNA. We hypothesized that PI3Kδ inhibition would generate stem-like memory T cells (Tscm) that 
provide protection against melanoma by sustaining stemness and enhancing mitochondrial fitness. To test this, 
we primed melanoma specific CD8+ pmel-1 T cells in the presence of increasing concentrations of Idelalisib, a 
PI3Kδ specific inhibitor, and infused them into B16F10 tumor bearing, following non-myeloablative total body 
irradiation. In vitro we tested T cell stemness by flow cytometry and RNA sequencing. We assessed 
mitochondrial qualities such as mass, membrane potential, reactive oxygen species, and respiratory capacity. 
Mitochondrial transcription was measured via mitochondrial mRNA relative quantification and protein levels of 
electron transport proteins. We further tested the effect of ablating mitochondrial transcription by CRISPR 
knockout using guides against a known regulator of mitochondrial transcription. We found that PI3Kδ inhibited T 
cells provide potent antitumor activity in both poor and highly immunogenic tumor models of melanoma. 
Transcriptionally they showed elevated Tcf7, and Lef1, and suppressed Havcr2, and Prdm1. Metrics of improved 
mitochondrial quality were elevated in a dose dependent manner. Mitochondrially encoded electron transport 
chain gene expression was selectively enhanced at the RNA and protein level. Ablation of mitochondrial 
transcription vastly impaired the antitumor activity of stem-like memory T cells generated with PI3Kδ inhibition. 
These findings indicate that blocking PI3Kδ in T cells mediates lasting tumor immunity of adoptively transferred 
T cells by preserving stemness features and improving mitochondrial fitness. We discovered that enhanced 
mitochondrial transcription is required for anti-tumor immunity. These findings suggest that modulating 
mitochondrial transcription is a potential target to bolster the activity of tumor specific T cells. 
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Background: Acute lymphoblastic leukemia (ALL) is the most common type of leukemia found in children. 
Chimeric Antigen Receptor (CAR) T cells targeting CD19 induce high response rates with B-cell ALL, but 1/3 of 
patients suffer from disease relapse. It is found that poor survival of CAR-T cells in vivo correlates with relapse 
of leukemia, and CAR-T cells with augmented oxidative metabolism and mitochondrial health tend to be more 
persistent. Therefore, modulating T cell metabolism represents a promising method to improve CAR T-cell 
therapy. AMP-activated protein kinase (AMPK) is one of the central regulators of cellular metabolism, promoting 
mitochondrial fitness and oxidative metabolism under energy stress. AMPK is a heterotrimeric kinase complex 
consisting of α, β, γ subunits. We have demonstrated that AMPK signaling can be increased by overexpressing 
AMPKγ2, one isoform of γ subunit. We hypothesized that overexpression of AMPKγ2 in CAR-T cells would 
enhance oxidative capacity and improve anti-leukemia activity. 
Results: We used lentiviral transduction to introduce a CD19-targeting CAR into human T cells, followed by either 
AMPKγ2 or empty vector (EV) as control. Co-transduced cells were isolated by flow sorting and cultured with 
human IL2 supplementation. AMPKγ2-CAR T cells showed higher oxidative metabolism, with a 26% increase in 
basal oxygen consumption rates (OCR) and a 22% increase of maximal OCR (p<0.01) after overnight stimulation 
in low-glucose (5.5mM) RPMI. In addition, co-culture with Zs-Green+ NALM6 cells revealed greater cytotoxicity 
by AMPKγ2-CAR T cells, with more rapid loss of green fluorescence (i.e. NALM6 death) in Incucyte (p<0.001) 
and a 20% decrease in NALM6 cells remaining after 24 hours measured flow cytometry (p<0.05). This was 
accompanied with higher production of TNF, INFγ, IL2 by 51%, 14%, 15% respectively, and 35% increase in 
CD25 expression (p<0.05). 
Discussion: By overexpressing AMPKγ2, we generated CD19-CAR T cells with higher oxidative capacity, a 
measure shown to improve engraftment and persistence of CAR T cells in vivo. Further, AMPKγ2-CAR T cells 
demonstrated increased cytotoxicity in vitro. Finally, AMPKγ2 overexpression increases CD25 expression 
following T cell activation, a phenotype correlated with increased cytotoxicity in vivo. Future work will investigate 
the mechanisms underlying these metabolic and functional changes and test the antitumor capacity of AMPKγ2-
CAR T cells in a murine xenograft leukemia model. 
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Within the last ten years, chimeric antigen receptor T (CAR-T) cell therapy has demonstrated remarkable clinical 
success in heavily pre-treated, relapsed/refractory patients with hematologic malignancies. In 2021, the FDA 
approved the first CAR-T cell therapy for multiple myeloma targeting B cell maturation antigen, a survival-
inducing protein over expressed on malignant plasma cells. Despite initially strong responses, median 
progression free survival ranges between 8-24 months with a subset of patients failing to achieve a durable 
remission in the months-years following treatment thus highlighting the clinical need to better understand 
mechanisms of CAR-T cell failure.  
The limited clinical success and persistence of first generation CAR-T cell designs solidified the importance of 
co-stimulatory signaling in sustaining CAR-T cell survival in vivo. Second generation CAR designs encode an 
additional co-stimulatory signal either by CD28 or 4-1BB, which are required for CAR-T cell expansion in vivo 
and achieving clinical remission. More recently it has been shown that excessive co-stimulation of CAR-T cells 
drives T cell exhaustion, dysfunction and limited persistence, however, the influence of endogenous T cell 
signaling receptors, including CD28, on CAR-T cell function remains largely unknown.  
Here we demonstrate that genetic deletion or blockade of the endogenous CD28 receptor does not impair CAR-
T cell activation, nor cytolytic responses upon target antigen stimulation in two second-generation (28ζ and 4-
1BBζ) CAR-T cell models. However, the absence of a CD28 co-stimulatory signal has unveiled a previously 
uncharacterized role for the endogenous receptor in mediating an anti-tumor response in vivo. Specifically, CD28 
knockout or blockade achieved with co-infusion of CTLA4-Ig results in a pronounced defect in the ability of 
BCMA-targeted 4-1BBζ CAR-T cells to control tumor growth in a multiple myeloma model. Preliminary results 
suggest that endogenous CD28 signaling prolongs 4-1BBζ CAR-T cell proliferation and is required for sustained 
glycolytic metabolism which are predicted to be critical factors in driving durable anti-tumor immunity.  
This work has helped shed light on the functional implications of the CD28 co-stimulatory receptor signaling axis 
in CAR-T cell biology and unveiled potential therapeutic strategies to improve the durability of responses to 
adoptive cellular immunotherapies. 
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Recent studies have demonstrated that B cell infiltration in patients with primary tumors is associated with 
increased survival and superior response to immune checkpoint blockade(ICB).Further,B cells play a significant 
role in the tumor microenvironment,such as the production of tumor-specific antibodies,antigen 
presentation,modulation of the cellular immune response by the production of specific cytokines,and formation 
of tertiary lymphoid structures(TLS).One knowledge gap in the field is determining how B cells function within 
microenvironments that don’t have TLS,specifically in metastatic spaces that occur because of a primary 
tumor.Malignant pleural effusions (MPEs)are metastatic microenvironments that are marked by the accumulation 
of interstitial fluid and the infiltration of tumor and immune cells into the pleural space of the lung of patients with 
advanced disease.Currently,there is no treatment for patients with MPE; thus,there is a need to improve our 
understanding of the complete MPE microenvironment.B cells highly infiltrate MPE,and antibody accumulation 
is significant in this space.Thus, our studies have geared to functionally interrogate MPE B cells to better 
understand how to target B cells in metastatic disease.Understating B cell composition and function in metastatic 
spaces is critical for engineering future immunotherapies.In this study, we investigated B cell phenotype and 
function in the pleural space of lung and breast MPE patients.Specifically,we assessed B cell subsets and the 
antigen specificity and cytotoxicity of the antibodies within the fluids.Furthermore,we evaluated the impact of 
MPE on B cell differentiation and the ability of B cells in MPE to present antigens .We observed an increased 
frequency of naïve and double negative 3(DN3)memory B cells (MBC) in MPE compared to benign fluids and 
healthy peripheral blood.Additionally,we demonstrate that MPE fluids promote naïve and MBC differentiation into 
short-lived plasmablast and plasma cells.Moreover,we establish that antibodies in MPE exhibit tumor antigen 
specificity and cytotoxic effector function against tumor cells.By interrogating antigen presentation,we show that 
B cells are often superior to professional antigen-presenting cells(APCs)at presenting antigen to CD4 T 
cells.Here we highlight B cells in metastasis as a potential immunotherapeutic target given increased 
extrafollicular B cell expansion and differentiation into tumor antigen-specific plasmablast in MPE. 
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While CAR-T cell cancer immunotherapy has been successful in treating hematological malignancies, there have 
been significant difficulties in adapting these therapies for the treatment of solid tumors including heterogeneity 
of tumor associated antigens, insufficient CAR-T cell expansion and cytotoxicity, and a low therapeutic index. 
We hypothesized that each of these challenges could simultaneously addressed with a single CAR-T cell product 
using our unique genetic engineering approach. 
Tumor specificity was achieved by targeting neo-antigens presented in MHC molecules on the cell surface. 
However, neo-antigen expression is lower than traditional CAR antigens and can lead to weakened CAR-T 
activity and failure to achieve a clinical response. In our in vivo model of NSCLC this resulted in a 43% complete 
response rate. We hypothesized that both additional immunostimulatory factors and enhancement to the safety 
profile are needed for NeoCARs use within a tight therapeutic window for the treatment of solid tumors. 
We elected to "armor" our NeoCARs with IL-12 for its pleiotropic immunostimulatory effects, including increased 
IFN- γ response, and therefore MHC I expression on target cells. For an enhanced safety profile and simplified 
manufacturing of a homogenous product, we developed genetic systems that combine antigen-induced 
production of an accessory molecule via a synthetic nuclear factor of activated T cells (NFAT) promoter, with 
constitutive CAR expression, in a single lentiviral vector. To eliminate aberrant TCR signaling as a source of 
inducible IL-12 expression, we adapted our constructs for a knock in genome editing approach. This enabled 
single-step generation of TCR disrupted, inducibly armored NeoCARs. 
We demonstrate homogenous delivery of the constitutive Neo-CAR and NFAT inducible modules. Neo-CARs 
expressing inducible IL-12 showed an 1-2 log increase in IFN-γ secretion and enhanced killing of tumor spheroids 
in vitro. In an in vivo model of ovarian cancer we found that inducible IL-12 was necessary for complete clearance 
of solid tumors, but led to lethal toxicity in all mice receiving TCR positive CAR-T cells. Only the complete system 
of CAR, inducible IL-12, and knock in resulted in complete response without lethal toxicity in all mice receiving 
the treatment. We believe this coalesced and modular system will be broadly applicable for the next generation 
of CAR-T cells targeting solid tumors. 
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Tertiary lymphoid structures (TLS) are lymphoid aggregates that often form locally in tissues with chronic 
infection, autoimmune disease, and cancer. As such, TLS correlate with favorable prognosis in patients with 
solid tumors, including non-small-cell lung cancer (NSCLC). Further, TLS have recently been associated with 
superior response to immune checkpoint blockade (ICB). B cells are predominantly located within TLS and 
correlate with improved survival and ICB response. Despite the therapeutic promise of B cells and TLS, they 
have not been investigated as immunotherapeutic targets. Moreover, a mechanistic understanding of TLS 
formation and function in cancer is lacking. Our studies aim to interrogate unique factors that promote or inhibit 
TLS formation. First, we studied TLS in human lung adenocarcinoma using multispectral imaging and spatial 
transcriptomics (Nanostring Digital Spatial Profiler) to uncover known and unknown pathways that could improve 
TLS formation and subsequently B and T cell function. According to spatial transcriptomics, tumor-associated 
TLS have decreased TLS-initiating and maturation factors such as CXCL13, IL-21, CD40, and LTbeta/LIGHT in 
comparison to normal lymphoid tissues. Further, as TLS proximity to the tumor increases, there is an increased 
immune regulation surrounding TLS formation. We paired these studies with murine models of lung 
adenocarcinoma. Specifically, we utilized a physiologically relevant, carcinogen (4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone; NNK) induced murine model of lung cancer that spontaneously forms TLS. A syngeneic 
tumor line derived from this model that can be orthotopically injected into the murine lung also forms high B cell 
infiltrate and TLS. We utilized these models to test if TLS induction and maturation were increased with an 
oncolytic virus that targets known TLS-initiating factors. As a result, we have observed increased TLS induction 
and tumor reduction of varying degrees in the mice treated with different combinations of transgenes via oncolytic 
virus. These studies will increase our understanding of TLS formation for improved immunotherapies in NSCLC 
patients and will potentially provide therapeutic interventions that could be administered prior to cancer 
development. 
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The suppressive functions of regulatory T cells (Tregs) on effector T cells are integral in promoting tumor growth, 
as loss of Tregs in mice results in robust tumor clearance. However, these mice will quickly succumb to lethal 
autoimmunity, highlighting the importance for investigation into intratumoral Tregs and how to target them 
therapeutically. We have previously shown that Tregs can become fragile in the tumor microenvironment after 
exposure to IFNγ, a phenomenon in which they lose their suppressive capacity while maintaining Foxp3 
expression. However, the exact mechanism that leads to Treg fragility remains unclear, as well as the ability of 
other cytokines that also skew T cells to a Th1 lineage to drive fragilty, such as IL-12. Therefore, we have used 
a novel transgenic mouse with a conditional deletion of IL12Rβ2 in the Treg compartment to test the effect of IL-
12 on Treg fragility induction after immunotherapy. 
From our experiments we are able to show that using an IL-12 inducing therapy (anti-CD40 agonistic antibody) 
increased IFNγ and IL-12 levels drastically within the tumor as well as systemically compared to anti-PD1 
treatment. However, mice with the Treg-conditional knockout of IL12Rβ2 did not show any change in tumor 
growth when treated with anti-CD40 compared to control mice. Additionally, flow cytometric analyses of these 
conditional knockout mice show that the Tregs remain sensitive to fragility after anti-CD40 treatment. These data 
suggest that IL-12 is not necessary for Treg fragility induction. However, due to the large increase in IFNγ levels 
after anti-CD40 therapy, we believe that this IFNγ pool may be circumventing the IL-12R loss in our model. While 
there is more work to be done on how these two cytokines work together to drive Treg fragility, these data 
suggest that IL-12 functions, in part, by increasing IFNγ levels and indirectly inducing fragility in Tregs. 
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For decades, the use of animals in biomedical research has fostered major scientific and medical breakthroughs 
by allowing us to generate the essential preclinical data that ultimately support the discovery and development 
of treatments for human diseases, including cancer. Per the Guide for the Care and Use of Laboratory Animals, 
research institutions have standardized guidelines for the housing, husbandry, and overall care for laboratory 
animals that they must adhere to, including ambient temperature. Housing temperatures have been shown to 
elicit significant physiological changes in rodents, driven by the activation of the sympathetic nervous system 
and increased, systemic β-adrenergic receptor (β-AR) signaling. This is due to the compensatory response of 
non-shivering thermogenesis employed by rodents housed at temperatures that fall below their thermoneutral 
zone (defined as a range of ambient temperatures at which heat generated by basal metabolism is sufficient to 
maintain homeostatic core body temperature). Our lab has previously established that housing mice at a 
standard, subthermoneutral temperature (ST, ~22°C) results in significant impairment to the murine CD8+ T cell-
dependent anti-tumor immune responses, compared to mice house at a thermoneutral temperature (TT, ~30°C). 
Published and preliminary data indicate a role for the CD28 co-receptor in the diminished anti-tumor function of 
CD8+ T cells from ST housed mice. However, a gap exists in our understanding of the mechanisms underlying 
the reduced CD8+ T cell activation and effector function in ST-housed mice. Therefore, we used mouse models 
in which β-AR or CD28 signaling is perturbated to test the hypothesis that standard housing temperatures impair 
CD8+ T cell anti-tumor immunity via impaired CD28-costimulation. Our findings suggest chronic β-AR signaling, 
generated by either ST housing or in vitro stimulation with a β-AR agonist, impacts CD28 downstream signaling, 
but not CD28 surface or mRNA expression in CD8+ T cells. Interestingly, we also show that mitochondrial 
respiration, known to be regulated by CD28 co-stimulation and necessary for T cell activation and effector 
differentiation, is increased upon in vitro activation in CD8+ T cells isolated from TT housed mice. The overall 
goal of these studies aims to identify a previously undefined mechanism by which ST housing of laboratory mice 
influence experimental outcomes in models of tumor immunology and immunotherapy. 
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Ovarian cancer is the deadliest gynecologic malignancy, with over 13,000 deaths in America predicted in 2023. 
Ovarian cancer preferentially metastasizes to the omentum, often coinciding with the formation of malignant 
ascites. The omentum is an adiptocyte-rich environment where elevated levels of free fatty acids (FFAs) and 
lipids can both promote ovarian cancer aggression and impede dendritic cell antitumor function. High levels of 
FFAs in tumor microenvironments can lead to T cell dysfunction, with the FFA scavenger receptor CD36 
increasingly identified as a key receptor in mediating T cell dysfunction in tumors. Therefore, we hypothesized 
that the high FFA content in the ovarian cancer ascites impairs T cell function in a CD36-dependent manner.  
To explore the metabolic landscape of ovarian cancer ascites, we screened acellular ascites fluid from 12 ovarian 
cancer patients using an untargeted metabolomics approach. We found that several very long chain FFA species 
(VLCFAs) were enriched in the ascites fluid compared to healthy donor as well as patient plasma samples. Our 
data supports previous reports of enriched lipids in ascites. In cell trace violet dilution assays, we show that 
ascites fluid hindered healthy donor T cell proliferation, although this inhibition was dependent on the patient 
sample (n=10). Comparing data from the least versus most suppressive ascites fluid samples showed that 
LysoPE and 24-carbon FFA species were enriched in highly suppressive ascites.  
To investigate if the FFA receptor CD36 contributes to T cell dysfunction in the ascites, we compared CD36 
expression on T cells from ovarian cancer, melanoma, and NSCLC. Expression was highly variable but tended 
to be greater in ovarian cancer ascites. Interestingly, we found that healthy donor T cells incubated in patient 
ascites fluid upregulated CD36 expression compared to normal media. However, the addition of a CD36 blocking 
antibody was unable to rescue T cell proliferation. In conclusion, we found that (1) very long chain fatty acids are 
a distinguishing feature of the ovarian cancer TME with 24-carbon FFAs species heightened in more suppressive 
ascites and (2) that T cells have impaired proliferation in ovarian cancer ascites in a patient dependent manner 
that is unable to be rescued with blockade of CD36. Our findings have important implications for cellular 
immunotherapies where clinical outcomes depend on the proliferative potency and metabolic fitness of the 
product. 
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Human regulatory T cells (Tregs) are crucial regulators of tissue repair, autoimmune diseases, and cancer. 
However, it is challenging to effectively target Tregs without impacting immune homeostasis, highlighting the 
importance of targeting tumor-restricted pathways. The transcriptional programs that control intratumoral Treg 
gene expression selectively remain largely unknown. We profiled single-cell transcriptomes of CD4+ T cells in 
tumors and peripheral blood from patients with head and neck squamous cell carcinomas (HNSCC), in inflamed 
tonsil tissues and in healthy peripheral blood. We identified an activated subpopulation of Tregs expressing 
multiple tumor necrosis factor receptor (TNFR) genes that is highly enriched in the tumor microenvironment 
(TME) compared with non-tumor tissues. These TNFR-activated Tregs are associated with worse prognosis in 
HNSCC and across multiple solid tumor types. Mechanistically, the transcription factor BATF is a central 
component of a gene regulatory network that modulates TNFR-activated Tregs. CRISPR/Cas9-mediated BATF 
knockout in human Tregs in conjunction with bulk RNA sequencing, immunophenotyping and in vitro functional 
assays corroborated the central role of BATF as a nexus to limit excessive activation of human activated Tregs, 
and also promote Treg survival and cellular trafficking. These findings uncover a primary transcriptional regulator 
of highly suppressive intratumoral Tregs, highlighting new opportunities for therapeutic intervention in cancer. 
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Obesity is an increasingly prevalent health concern and cancer risk factor. Research has demonstrated that 
obesity is associated with chronic low-grade inflammation accompanied by elements of immune dysfunction 
including T cell exhaustion and up-regulation of inhibitory immune checkpoint molecules. Recent studies have 
also highlighted the detrimental effects of obesity on anti-tumor immune responses, especially in the tumor 
microenvironment (TME). Foxp3+ Regulatory T cells (Tregs), a major source of immune suppression, are known 
to obstruct anti-tumor immunity and contribute to poor disease outcomes in various cancers including non-small 
cell lung cancer (NSCLC). However, the impact of excess adiposity on Tregs and their behavior in lung tumor-
relevant tissues, remain incompletely understood. Here we set out to determine the effects of diet induced obesity 
(DIO) on murine Tregs in the airway and lung TME, and we tested the hypothesis that obesity-associated immune 
dysfunction arises in part from an enhanced Treg pool in lung cancer. We found that compared to normal weight 
controls, DIO mice harbored significantly elevated Treg frequencies across tissues including the lung, and these 
Tregs displayed markers of an activated, effector-like phenotype as well as potent suppressive function ex vivo. 
Similar observations were made when characterizing the Bronchioalveolar lavage (BAL) derived leukocytes from 
normal weight and high Body Mass Index (BMI) patients. Supporting the notion that obesity-enhanced Tregs 
support tumor development or progression, tumor burden was markedly enhanced in DIO mice in both mutant 
Kras-driven (LSL-Kras G12D mice) and implantable Lewis Lung Carcinoma (LLC) models along with indications 
of enhanced Treg activation and suppressed anti-tumor immunity. In the latter model, Treg depletion effectively 
negated the accelerated tumor growth seen in DIO mice. Thus, our findings indicate a connection between 
obesity and Treg activation, and they implicate these suppressor cells as contributors to the tumor-abating 
immune dysfunction in obesity. 
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The transcription factor, TOX, (thymocyte selection-associated HMG BOX) contains the highly conserved high 
mobility group box (HMG-box) motif and belongs to the high mobility group box (HMG-box) superfamily. TOX 
plays an important role in the development and formation of immune organs such as lymph nodes and Peyer’s 
patches and cells such as CD4+, CD8+ T cells and natural killer cells (NK cells). Recent studies have shown 
that TOX promotes CD8+ T cell exhaustion. TOX has been reported to be expressed in regulatory T cells (Tregs) 
and TOX+ Tregs are significantly increased in both myeloma and lymphoma patients. Our lab found that TOX+ 
Tregs are also increased in the tumor microenvironment of mice. We have recently generated mice in which 
TOX is specifically deleted in Tregs (ToxL/LFoxp3Cre-YFP) and found that tumors in mice with Tox deficient 
Tregs responded better to anti-PD-1 treatment compared to controls. We plan to use Cytek, scRNA-seq and 
ATAC-Seq, cytokine assays and proliferation assays to study the role of TOX in Treg heterogeneity, function, 
and homeostasis within the tumor microenvironment. We hypothesize that TOX will facilitate Tregs to maintain 
its suppressive function and deletion of TOX in Tregs will enhance anti-PD-1 efficacy and tumor clearance. 



Oral Presentation: Wednesday, February 22, 2023, 3:00 PM, Fox Den T Cell Biology 

Contact: Anand Sharda, an32295@roswellpark.org Poster #: 26 

ARS2 Regulation of Replication Dependent Histone mRNA Biogenesis and T cell 
Proliferation 
 
 
Anand Sharda1, G. Aaron Holling2, Scott Olejniczak1 
 
1Roswell Park Comprehensive Cancer Center 
2University of Colorado Boulder 
 
 
Robust T cell proliferation is a hallmark of successful anti-tumor immune responses. During proliferation, nascent 
DNA covalently binds replication-dependent histones (RDH) to form chromatin. RDH mRNAs uniquely terminate 
with a stem-loop at the 3’-end instead of the canonical poly(A)-tail. Stem-loop recognition and cleavage are 
critical steps in histone mRNA processing and require distinct machinery. Arsenic-resistance protein 2 (ARS2) 
and U7 snRNP are fundamental components of the machinery that support proper 3’-end recognition and 
cleavage of RDH transcripts. Failure to recognize the stem-loop results in aberrant histone mRNA processing 
and reduced protein expression, ultimately leading to cellular and developmental defects. 
Data demonstrate that ARS2 knockout in activated T cells leads to processing defects of histone mRNA and 
reduced proliferation. Disruption of U7 snRNP also results in histone processing defects but no changes in 
proliferation, suggesting a role for RDH independent of proliferation in activated T cells. Literature indicates 
dynamic changes in chromatin architecture and differential deposition of histones following T cell activation, 
raising the possibility that RDHs may influence T cell fate decisions through an epigenetic mechanism. However, 
the exact function and role of RDHs in activated T cells still need to be better characterized. To elucidate the 
functional contributions of RDH during T activation, we disrupted RDH 3’-end processing in activated T cells by 
siRNA or antisense oligonucleotides and observed the effects on T cell histone processing and effector function. 
Given the coupling of RDH biosynthesis to T cell proliferation and the connection between these proteins in 
regulating gene expression programs, we hypothesize RDHs serve as targets for epigenetic modifications and 
regulate gene expression programs essential to the differentiation programs of naïve T cells to effector and 
memory subsets. 
ARS2 knockdown in activated T cells impairs 3’-end processing of mRNA transcripts, hinders proliferation, and 
dampens effector cytokine production, while U7 snRNP interference leads to impaired RDH mRNA processing, 
no proliferation changes, and modest cytokine production changes. However, further epigenetic studies are 
necessary to understand the exact contribution of RDH in T cells. These findings suggest ARS2 is critical for T 
cell effector function at multiple levels partially through its role in supporting RDH biosynthesis.  
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Immune checkpoint inhibitors (ICIs) have improved care for non-small cell lung cancer (NSCLC). However, loss 
of function STK11 mutations occur in ~30% of NSCLC and are associated with poor survival and resistance to 
ICIs. We observed in patient samples that compared to STK11-wildtype tumors, STK11-mutant tumors had 
upregulated expression of several genes in the complement pathway, including C3, Factor H (FH), and Factor 
D, and the neutrophil chemoattractant CXCL2. We and others observed that complement activation can modify 
the tumor microenvironment (TME) in a number of ways, including neutrophil recruitment and induction of 
neutrophil-driven inhibition of T-cell proliferation and activation. Most studies have addressed the role of systemic 
complement in tumor cell signaling and modulating the TME, and less is known about the roles of tumor-derived 
complement and regulatory proteins in tumor progression. We hypothesized that systemic and tumor-derived 
complement have distinct roles in driving growth of STK11-mutant tumors. To evaluate the roles of systemic and 
tumor cell-derived complement, we compared tumor progression in WT vs. C3-/- mice administered 
subcutaneously (s.c.) CMT167 tumor cells (syngeneic NSCLC) that were WT or with CRISPR-Cas9 knockout of 
STK11, C3, or both genes. Systemic C3 deficiency modestly inhibited growth of CMT167 WT tumors but had no 
effect on STK11-mutant tumors. Deletion of C3 in STK11-mutant tumors (STK11/C3KO CMT167) resulted in 
dramatic suppression of tumor growth in WT mice. In contrast, C3 deletion in STK11-mutant tumors had no effect 
on tumor growth in nude mice. These results point to a role of tumor-derived C3 impairing T cell antitumor 
immunity, potentially through recruitment of neutrophils in the TME and inducing neutrophil suppressor function. 
In support of this notion, we observed that the combination of anti-PD1 and CXCR2 blockade significantly 
reduced growth of STK11-mutant tumors, while anti-PD1 or CXCR2 inhibitor alone had no effect. Together, our 
results show the importance of tumor-derived C3 in driving STK11-mutant tumor progression, an effect that is 
likely mediated by recruitment and activation of neutrophils that impair T cell responses. Our results also provide 
rationale for further investigation of the complement pathway in STK11 mutant NSCLC as well as CXCR2 
inhibition to enhance ICI efficacy in STK11-mutant NSCLC. 
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Neuroblastoma (NB) is the most common pediatric solid non-cranial malignancy. Complete surgical resection is 
necessary for a positive prognosis, yet the current technologies are limited in their capacity to identify lesions in 
the operating room, with high specificity. Fluorescent tracers have allowed surgeons to visualize the tumor and 
distinguish it from background tissue in the operating room. However, these are not detectable at depths greater 
than a few millimeters within tissue. Radiotracer-guidance can overcome the depth limitation of fluorescence but 
does not provide real-time visualization of the tumors and margins. NB hetergeneously expresses GD2 tumor 
antigen, which is the target of the FDA-approved immunotherapy Dinutuximab. We, therefore, modified the 
immunotherapy to generate and evaluate a combined radio-fluorescent antibody-based tracer targeting GD2, for 
improving the identification of NB with widely available intraoperative handheld instruments. We generated the 
tracer (111In-DTPA-αGD2-IRDye800CW) with high stability and retained affinity. Nu/j mice were injected with 
SK-N-BE(2) cells followed by IV tracer injection. Biodistribution analysis was performed to determine the 
specificity of binding and tumor to background signal. Gross dissections and surgeries aimed at improving 
completeness of resection were performed using a handheld fluorescent camera (SPY-PHI) and a gamma probe 
(Neoprobe). The interoperative tracer was then generated using Dinutuximab (111In-Dinutux-IRDye300CW) 
followed by more gross dissection and biodistribution analysis. The handheld gamma probe detected labeled 
xenografts in a linear range with great sensitivity (average 818 gamma signal in tumor region compared to 34.8 
in the tail). Initial tumor resection using 111In-DTPA-αGD2-IRDye800CW in NB bearing mice identified residual 
disease left behind when resection was performed without the gamma probe or fluorescent camera; the residual 
disease was then removed guided by fluorescence imaging. 111In-Dinutux-IRDye800CW biodistribution results 
indicated a stronger tumor (16.56 %ID/g) to bone (1.6 %ID/g), blood (4.7 %ID/g), and muscle (0.6 %ID/g) than 
that of the αGD2 based probe. Our dual-labeled tracer presented antigen specificity and allowed for the sensitive 
detection and visualization of NB in both phantom and in situ animal models. This targeted probe could provide 
a means to improve surgical NB resection, thus ultimately improving patient outcomes. 
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Renal cell carcinoma (RCC) encompasses multiple histological subtypes though these pathologically distinct 
entities are united in their ability to contain dedifferentiated “sarcomatoid” regions. Sarcomatoid RCC (sRCC) is 
a highly aggressive malignancy with 75% of patients having metastatic disease and a median survival of only 10 
months. Historical RCC treatment options are not effective against sRCC; however, immune checkpoint 
blockade (ICB) has recently induced anti-tumor responses in a portion of sRCC cases. As sarcomatoid regions 
typically exist as clusters within parental RCC histologies, this intrinsic heterogeneity of sRCC tumors has 
obscured study of the etiology and immune activity within dedifferentiated RCC. This has left fundamental gaps 
in understanding its responsiveness to ICB, and more fundamentally, the drivers initiating sarcomatoid 
transformation. To assess potential sources of antigenicity and rationale for response to ICB, transcriptomic 
analysis of the Phase III ImMotion151 trial of bevacizumab-atezolizumab in RCC was performed. Patients with 
sRCC had increased tumor mutational burden (p<0.05) and expression of PD1 (p<0.05) compared to those with 
non-sarcomatoid tumors. Next, to determine events implicated in driving sarcomatoid transformation, single cell 
RNA sequencing was performed on human RCC cell suspensions from six patients, including two with 
sarcomatoid features. CD45- tumor cells were computationally isolated for gene-set enrichment analysis. 
Compared to non-sRCC samples, sRCC-containing specimens displayed upregulation of Epithelial-to-
Mesenchymal Transition (EMT) (Normalized Enrichment Score > 1.5) and Transforming Growth Factor-Beta 
(TGF-B) (NES > 1.0) pathways, in line with previous reports associating EMT with sRCC. To determine if EMT 
is driving sarcomatoid dedifferentiation, we have developed an in vitro system to model this transformation. 
Parental RCC cell lines are cultured in media with 5ng/ml of TGF-B for 72 hours, after which cells are analyzed 
for known markers of EMT including CD44 – a marker of cancer cell stemness. CD44 expression was increased 
in TGF-B treated 786-0 and A498 lines relative to vehicle controls (p=0.019 and p=0.021, respectively). Future 
work will determine if this EMT derivation model is transcriptionally similar to available patient-derived sRCC cell 
lines and, if so, will further probe the mechanisms of dedifferentiation and antigen generation during sarcomatoid 
transformation. 
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Increased norepinephrine (NE) due to chronic stress can activate adrenergic receptors, specifically β2-
adrenergic receptors (β2AR), to produce an immunosuppressive tumor microenvironment (TME). Previous work 
by our lab demonstrated that tumor burden can be reduced by blocking β2AR signaling. Immune cells express 
β2AR and we have shown that increased β2AR signaling leads to increased T cell exhaustion and increased 
inhibitory activity of myeloid-derived suppressor cells. Recent literature revealed that innate lymphoid cells 
(ILCs), especially ILC2s, express high levels β2AR. However, the role of ILC2s in cancer is complex and may 
have both pro- and anti-tumor functions. Therefore, we evaluated whether β2AR regulates ILC2s within the TME 
and how that affects tumor prognosis. We found that there was an increased frequency of ILC2s within the TME 
of β2AR-/- mice. β2AR-/- ILC2s isolated from tumor-bearing mice, compared to wildtype, demonstrated 
decreased direct pro-tumor effects when co-cultured with tumor cells. Additionally, single-cell RNA sequencing 
of tumor-infiltrating ILC2s revealed a heterogenous population with an enrichment of inflammatory NK cells and 
ILC1-like “ex-ILC2s” in β2AR-/- mice compared to wildtype mice. ILCs are highly plastic and can shift into other 
subsets in response to signals from the surrounding environment. Isoproterenol (pan-βAR agonist) treatment of 
sorted ILC2s decreased NK cells and ILC1s frequency in culture. This suggests that β2AR signaling generates 
a pro-tumor environment by skewing the ILC population toward a less inflammatory composition. 
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The tumor microenvironment (TME) is a dense, specialized niche where malignant cells interact with local 
populations, including immune cells, to create an immunosuppressive environment. In several cancers, including 
the aggressive pediatric sarcoma, rhabdomyosarcoma (RMS), tumor-associated myeloid cells (TAMCs) are the 
most numerous immune populations which has been correlated with poorer survival outcomes and 
chemotherapeutic resistance. TAMCs constitute a heterogeneous and ‘plastic’ population that can sense 
changes in their environment, including intra-tumoral ECM stiffness, and change their functioning accordingly. 
Despite the clinical influences these cells have and the detrimental effects that elevated TME stiffness has on 
immune cells’ phenotype, little is known about the proteins that sense and mediate these changes. We propose 
inhibition of mechanosensitive cation channel, PIEZO1, promotes a pro-tumor phenotype in TAMCs while its 
activation skews this population to anti-tumor functioning thereby enhancing tumor rejection. PIEZO1’s influence 
on tumor rejection and myeloid plasticity was assessed by inoculating a novel murine CD11b-conditional 
homozygous PIEZO1 knockout strain (CD11b-Cre+; PIEZO1-/-) with syngeneic RMS cells and performing 
several analyses. Tumor volume and survival analyses found that RMS-bearing CD11b-Cre+; PIEZO1-/- mice 
developed larger tumors and had diminished overall survival as compared to wild-type counterparts. Flow 
cytometric analysis of tumors after 18 days revealed increased pro-tumor, ‘M2-like’ macrophage frequency in 
both tumor and spleen. After 21 days, we found a drastic reduction in CD11c+ dendritic cells and expansion of 
the tumor-associated macrophage compartment. Interestingly, at both timepoints, we noted a lower frequency 
of PD-1+ CD4 and CD8 T cells (and increased PD-1+ frequencies) in the tumor as well as the draining lymph 
node and spleen. RT-qPCR analysis of the tumor supports these findings as there is marked elevation of 
macrophage marker, F4/80 and the anti-inflammatory pseudo-marker, Arginase-1 amongst others. Together, 
these findings suggests that without PIEZO1 expression, there is an impaired innate response as demonstrated 
by decreased dendritic cell presence and enhanced M2-like polarization. Consequently, T cells are not 
adequately activated, inferred by the reduction in PD-1+ populations. Together, the anti-tumor response is 
stunted leading to diminished survival and increased tumor burden. 
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Our lab has shown that cancer immunosurveillance is dependent on CD91, a receptor for heat shock proteins 
(HSPs), which is expressed on antigen-presenting cells (APCs). HSP-chaperoned tumor antigens are cross-
presented following endocytosis by CD91. Binding of HSPs to CD91 also initiates an intracellular signaling 
pathway that is poorly understood. Two tyrosine residues on the intracellular domain (β-chain) of CD91 become 
phosphorylated following HSP binding, leading to downstream activation of NF-kB and STAT1. We found that 
the immunogenic HSPs differentially utilize these two phosphorylation sites on CD91 for downstream signaling 
resulting in unique cytokine profiles and co-stimulation capacity. We investigate here the CD91-interacting 
adaptor proteins and kinases by crosslinking and co-immunoprecipitation of CD91 and its signaling complex 
following stimulation with each immunogenic HSP (gp96, calreticulin or hsp70). Mass spectrometry studies with 
gp96 identified the adaptor protein Shc and two other receptor tyrosine kinase associated with CD91. Inhibition 
of these kinases leads to a significant decrease in gp96-mediated cytokine production. Further work is being 
done to elucidate the remainder of this signaling network for each HSP and examine any differences between 
APC types. This project will aid in better understanding of how CD91-mediated signaling differentially activates 
effector cytokine profiles in APCs. This knowledge can be used in the development of new therapeutic 
approaches to enhance immunosurveillance of cancers and to better eradicate established disease. 
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Autologous hematopoietic stem cell transplantation (HSCT) is conducted to replace a patient’s hematopoietic 
stem and progenitor cells (HSPCs) after they have been killed by a myeloablative dose of chemotherapy given 
to eliminate malignant cells. The transplanted stem cells must restore hematopoiesis and ultimately repopulate 
the immune system. However, the recovery of specific hematopoietic populations can be delayed or disturbed, 
leading to skewed ratios of cells that favor undesirable phenotypes that could lead to complications and relapse. 
Adrenergic receptor signaling is a potential target to improve the recovery of hematopoietic populations, as the 
bone marrow is densely innervated with sympathetic nerves and adrenergic receptor signaling is known to play 
a role in HSPC mobilization and proliferation and can drive the production of myeloid derived suppressor cells 
(MDSCs). The ꞵ2 adrenergic receptor (ꞵ2-AR) is expressed on the surface of HSPCs, but the role of the ꞵ2-AR 
in HSPC function and differentiation is not well understood, especially in the context of transplantation. 
We hypothesize that ꞵ2-AR signaling on HSPCs following transplant drives a myeloid bias in the progenitor cell 
populations of the bone marrow which could adversely affect immune reconstitution.  
To investigate the role of ꞵ2-AR signaling in post-transplant hematopoiesis, we transplanted the CD45.2+ bone 
marrow of wild type or ꞵ2-AR-/- mice into lethally irradiated CD45.1+ recipients. After 7 days, spectral flow 
cytometry was used to quantify the proportions of HSPCs within the bone marrow. We observed a significantly 
higher proportion of common lymphoid progenitor (CLP) cells in mice receiving the ꞵ2-AR-/- marrow. We also 
found significant differences in the proportion of multipotent progenitors (MPP). In the ꞵ2-AR KO group we 
observed significantly higher proportions of lymphoid primed MPP4 cells and significantly lower proportions of 
myeloid primed MPP3 cells. Our data suggests that a lack of β2-AR signaling leads to a lymphoid bias in 
progenitor cells and that the presence of β2-AR signaling drives development toward a myeloid bias. Our findings 
also demonstrate that direct stimulation of the β2-AR on HSPCs can cause lineage bias in HSCT. The results of 
this study support the concept of treating HSCT patients with ꞵ2-AR antagonists to encourage the recovery of 
lymphoid cell populations.  
Funding: NCI: R01CA236390 & Roswell Park Alliance Foundation 
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Tyrosine kinase inhibitors (TKIs) that block the vascular endothelial growth factor receptors (VEGFRs) disrupt 
tumor angiogenesis but they also can have many unexpected side effects that impact tumor cells directly. This 
includes the induction of molecular markers associated with senescence, a form of cellular aging. The induction 
of senescence-markers (SMs) in tumor cells by VEGFR TKIs can drive senescence-associated secretory 
programs to fuel drug resistance; but they can also regulate numerous immune-modulating signaling programs 
that may alter how tumors respond to immunotherapy. Using a live-cell sorting method to detect beta-
galactosidase, a commonly used SM, we found TKIs induce subpopulations of SM-expressing (SM+) tumor cells 
that have heightened interferon (IFN) signaling and increased expression of IFN-stimulated genes (ISGs). These 
ISG increases were under the control of the STimulator of INterferon Gene (STING) signaling pathway that, 
surprisingly, was directly activated by VEGFR TKIs. Functionally, SM+ cells had an enhanced ability to activate 
CD8 T-cells, which we established as contact-dependent and linked to increased PD-L1 and MHC-I expression 
- two ISGs with opposing immune-regulating functions. Interestingly, when SM+ cells were isolated and 
implanted in vivo, tumors were more sensitive to PD-L1 inhibition, suggesting that offsetting immune-suppressive 
functions of SM+ cells may improve TKI efficacy overall. Together, these results identify an unexpected side 
effect of VEGFR TKIs in tumors that modulates nearby immune cell activity by increasing SM-expression and 
promoting IFN/STING signaling. Our findings may explain why some (but not all) VEGFR TKIs improve outcomes 
when combined with immunotherapy and suggest that exploiting unexpected senescence-controlled drug effects 
may help identify TKIs that uniquely ‘prime’ tumors for enhanced sensitivity to PD-L1 targeted agents. 
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We previously identified WNT/β-catenin (CTNNB1) and an atlas of molecular alterations that drive the non-T 
cell-inflamed phenotype and immune-checkpoint inhibitor (ICI) resistance across cancers. To refine our analysis, 
we have subsequently separated tumor types by clinically relevant stratifications, such as human papilloma virus 
(HPV) in head and neck squamous cell carcinoma (HNSCC), to identify immune-exclusion mechanisms 
associated with specific patient populations. P38 MAPK is a known regulator of dendritic cells (DCs) and myeloid 
cells however a tumor-intrinsic immunomodulatory role has not been previously described. 
Using the T cell-inflamed gene expression signature we previously defined, we integrated tissue RNAseq from 
395 HPV- HNSCCs in The Cancer Genome Atlas (TCGA) with single-cell RNAseq from two independent HNSCC 
studies. We identified 67 pathways as activated in non-T cell-inflamed tumors from the HPV- cohort of HNSCC, 
59 of which were independently validated. This included CTNNB1 from our prior work and p38 MAPK, the 
therapeutic target in our ongoing clinical trial (NCT04074967). CTNNB1 and p38 pathway molecules both 
showed inverse correlation with CD8A protein abundance from the Clinical Proteomic Tumor Analysis 
Consortium. We observed a significant enrichment of pathway expression only in tumor cells (p<0.05) from both 
HNSCC scRNAseq studies and dominantly in non-T cell-inflamed tumors. Using an accumulative scoring system 
integrating bulk tissue and single cell sequencing data, we prioritized seven pathways as strongly connected in 
non-inflamed tumors, with the top regulators as CTNNB1 and p38, among others. EMT6 and CT26 murine 
models demonstrated improved survival with the addition of p38 inhibitor to ICI relative to ICI monotherapy. 
Ongoing treatment of patients with anti-PD1 refractory tumors with combination Nivolumab and anti-p38 inhibitor 
yielded major and durable clinical responses. 
p38 is a novel tumor-intrinsic mechanism that drives immune exclusion. P38 inhibition enhances ICI and can 
overcome anti-PD1 resistance in patients. 
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Radio-remodeling for improved immune recognition of human renal cell 
carcinoma 
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More than 400 clinical trials are investigating radiation and immunotherapy combinations, yet there has been 
sparse investigation of the irradiated tumor microenvironment of cancer patients. In this study we performed 
single cell analysis, spectral flow cytometry and RNAseq, to study the impact of high-dose stereotactic body 
radiation therapy (SBRT) on tumor microenvironment of renal cell carcinoma (RCC) patient tumors. We utilized 
the CytekTM Aurora spectral flow cytometer to perform analysis on six treatment-naïve and five SBRT-treated 
RCC tumor samples using a 35-marker panel. Our analysis revealed an increased transition from naïve/stem-
like CD8+ T cell populations to more exhausted/effector phenotypes in irradiated tumors. Using FlowSOM 
unsupervised clustering algorithm, fifteen distinct CD8+ T cell clusters were identified, four of which were 
significantly increased in SBRT-treated tumors compared to control. One of the four clusters comprised primarily 
of naïve-like T cells, one was characterized as within an intermediate/transitory phase, and two were enriched 
in exhaustion/activation markers. Our single cell RNAseq findings further confirmed an increase in transition from 
a naïve to an exhausted state for CD8+ T cells following radiation treatment. RNAseq findings also revealed an 
increased expression of CD8 ligands, TRAIL and INFγ, in radiated samples. Analysis of transcriptional data from 
patients treated with immunotherapy revealed those with high TRAIL and IFNγ expression had longer overall 
survival. These observations provide an indication of how radiation remodels the human tumor immune 
landscape and potentially influences the interaction between CD8+ T cells and cancer cells. 
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“The cGAS-STING pathway mediates the activation of immune cells in histone 
G34-mutant pediatric high-grade gliomas in response to DNA damaging 
treatments” 
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Pediatric high-grade gliomas (pHGGs) are the leading cause of cancer-related deaths in children. Sixteen 
percent of hemispheric pediatric and young adult HGGs encode Gly34Arg/Val substitutions in the histone H3.3 
(H3.3-G34R/V). Using a syngeneic, genetically engineered mouse model (GEMM) and human pHGG cells 
encoding H3.3-G34R, we demonstrated that this mutation leads to downregulation of the DNA repair pathways 
and enhanced susceptibility to DNA damage and DNA damage response (DDR) inhibitors in vivo (Haase et al., 
2022). Additionally, we found DNA repair impairment results in increased genetic instability, and activation of the 
cGAS-STING pathway, which induces the release of immune-stimulatory cytokines. Using immunocompetent 
mouse pHGG models, we demonstrate that DNA repair impairment leads to increased susceptibility to DNA 
damage and STING agonists in G34-mutant pHGG. Despite the response to the treatment, tumors recur in some 
animals after the treatment finishes, evidencing the development of resistance. To characterize the molecular 
mechanisms of resistance, we analyzed the differences between tumors that respond to the treatment and 
tumors that don’t respond to the treatment by single cell RNA sequencing of the TME. Our single-cell analysis 
showed that type 1 interferon signaling is activated in the immune cells in the TME in response to DNA damaging 
treatments, and in tumors that are susceptible to the treatment in comparison to the ones that are resistant. We 
characterized ISG15, a type I interferon stimulated gene, as the most upregulated gene in the TME immune cells 
in response to DNA damaging treatments. This indicates a prominent role of the DNA damaging treatments in 
activating the immune responses via the STING pathway. Additionally, we show that the activation of the immune 
cells in the TME in response to DNA damaging approaches might play a critical role in mediating the efficacy of 
the treatment in G34-mutant pHGG. 
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Identification and characterization of novel proteasome activators that increase 
MHC class I antigen presentation and promote anti-tumor immunity 
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Tumor cells develop strategies to evade host immunity and resist current immunotherapies, while others present 
with low tumor mutational burden limiting tumor antigenicity. Proteasomes degrade intracellular proteins to 
generate Major Histocompatibility Complex (MHC)-class I antigenic peptides that are then presented on tumor 
cells for recognition and destruction by cytotoxic T-lymphocytes (CTLs). Here, we developed a cell-based, high-
throughput screen (HTS) using the cell-permeable proteasome substrate LLVY-R110 to identify pharmacologic 
agents that increased proteasomal activity. The high-throughput screen revealed that treatment with the histone 
deacetylase 6 (HDAC6)-specific inhibitors tubastatin-A and ACY-1215 significantly increased proteasomal 
activity in myeloma and lymphoma cells. Proteasomes degrade ovalbumin to generate the immunodominant 
antigenic peptide SIINFEKL (Ova 257-264) that is presented by the MHC-class I H-2 Kb allele and is used to 
monitor antigen-specific CD8+ T-cells. Treatment of tumor cells with the HDAC6 inhibitors increased 
presentation of the MHC-class I-SIINFEKL complex up to three-fold. CTLs were genetically-engineered to 
express a SIINFEKL-restricted T-cell receptor (TCR) and co-cultured with tumor cells pretreated with HDAC6 
inhibitors. Importantly, treatment with the HDAC6 inhibitors increased tumor lysis by the SIINFEKL-TCR-
restricted CTLs two-fold. Based upon the initial pharmacologic screen, we then performed a second HTS using 
9,600 compounds shown to interact with the HDAC family of proteins. We identified three novel molecular entities 
that increased proteasome activity, as well as MHC class-I antigen presentation and CTL-mediated tumor lysis. 
The three compounds increase proteasome activity and antigen presentation more potently than the currently 
FDA-approved HDAC6 inhibitors. Taken together, our results indicate that: 1. FDA-approved drugs that stimulate 
proteasome activity can be repositioned as cancer immunotherapeutics to overcome current bottlenecks in drug 
development; 2. Novel compounds identified here that activate proteasomes can advance as lead compounds 
in drug development; and, 3. Proteasomes govern MHC-class I antigen density to dictate the potency of CTL-
mediated antitumor responses.  
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Combined XL888 and pembrolizumab treatment in patients with metastatic 
gastrointestinal malignancies modulates the tumor microenvironment and 
immune cell activity 
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Pancreatic ductal adenocarcinoma (PDAC) is an aggressive tumor type that frequently associates with poor 
prognosis and low patient survival rates (~12% over a 5 year period). Although T cell-targeted immunotherapies 
have seen pronounced positive impacts in other tumor types, PDAC remains largely unresponsive and warrants 
a high priority to improve immunotherapies. Heat shock protein-90 (Hsp90) inhibition enhances the efficacy of 
PD-1 blockade in PDAC murine models by promoting T cell infiltration. Based on these data, we are conducting 
a Phase Ib/II clinical trial to evaluate the combination of XL888 (Hsp90 inhibitor) and pembrolizumab (anti-PD1) 
in patients with metastatic pancreatic cancer. We hypothesize that this combination will elicit tumor 
microenvironmental changes, leading to improved checkpoint blockade efficacy. During phase II, patients were 
randomly assigned to one of two regimens to receive a three week lead in with either pembrolizumab or 
pembrolizumab and XL888.  
Biopsies (n=15) and blood samples (n=38) were obtained prior to the start and at week two of treatment. Mass 
cytometry by time of flight (CyTOF) was used to identify and characterize circulating and tumor infiltrating immune 
cell populations. Systemic cytokine and chemokine levels were evaluated from patient plasma. 
We have analyzed liver biopsies from sites of metastasis paired with peripheral blood mononuclear cell samples 
from 8 patients. We found an increase in myeloid cells at the tumor sites. Analysis of circulating immune cells 
show a decrease in natural killer cells and Th17 populations, and an increase in naïve B cells. These data and 
changes in cancer associated fibroblast populations are undergoing validation by multiplex 
immunohistochemical analysis of FFPE biopsy specimens. The impact of treatment on systemic cytokines and 
chemokines is being assessed as a potential mechanism to explain these observations. 
Clinical data from the dose escalation phase confirmed safety of this combination in patients and the expansion 
phase of the trial has recently finished accrual. Ongoing analysis of correlative data, such as changes in soluble 
and cellular biomarkers, will be analyzed in context of clinical endpoints (RECIST response, progression-free 
and overall survival) to provide further insights into mechanisms of response or resistance to this novel 
combination therapy. 
Ethics Approval: The study was approved by Emory University’s Ethics Board, approval IRB00087397. 
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Targeting STAT3-ATP/Itaconate pathway in MDSCs increases the efficacy of 
doxorubicin-based chemotherapy in hematologic malignancies 
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Myeloid derived suppressor cells (MDSCs) are key regulators of immune responses; their activity is correlated 
with poor prognosis in hematological malignancies. Metabolic fitness is critical for immunosuppressive function 
of MDSCs. We wondered how chronic stress induced β2-adrenergic receptor (β2-AR) signaling may impact the 
metabolic activity of MDSCs and whether this affects the efficacy of doxorubicin, a widely used chemotherapy 
agent. For this study, we used EL4 lymphoma and C1498 acute myeloid leukemia murine models.  
Using in vitro and in vivo analyses, including transcriptomics, proteomics, and metabolomics, we found that the 
STAT3-ATP/Itaconate pathway is critical for controlling MDSC mitochondrial metabolic fitness, a determining 
factor for chemotherapy efficacy. We showed that blocking β-AR signaling, or itaconate signaling using β2-AR-
/- or ACOD1-/- mice significantly increased survival in doxorubicin-based chemotherapy in EL-4 murine model. 
Mechanistically, we showed that triggering STAT3 signaling via activation of β-AR leads to MDSC metabolic 
reprograming marked by sustained mitochondrial respiration (OX/PHOS) and higher ATP generation. The 
enhanced ATP generation was mediated by reduced ATPase inhibitory factor 1 (ATPIF1) that subsequently 
reduced the AMPK signaling pathway. Further, induced STAT3 signaling in MDSCs activates a metabolic shift 
as induced tricarboxylic acid (TCA) cycle in mitochondria and enhanced glutamine consumption. D7-
Glucose+13C515N2-Glutamine triple tracing studies showed that consumed glutamine transforms into itaconate 
that controls downregulation of mitochondrial ROS (mROS) via regulation of erythroid 2–related factor 2 (Nrf2) 
and the antioxidant machinery. The combination of a higher ATP/AMP ratio to suppress AMPK pathway and 
lower mROS generation, mediated by itaconate production, activate antioxidant machinery to suppress 
doxorubicin oxidative stress and provide key anti-apoptotic survival signals in MDSCs, resulting significant 
increase in lymphoma model survival. 
We have shown that targeting the STAT3-ATP/Itaconate pathway by blocking β-AR signaling, or by blocking 
electron chain transport (ECT) and ATP generation, or by blocking itaconate generation, results in disrupted 
MDSC mitochondrial fitness that determine lymphoma responses to doxorubicin chemotherapy and outcome. 
Therefore, this pathway could be a novel target for improvement of current chemotherapy regimens of 
hematological malignancies. 
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Divergent outcomes of anti-PD-L1 treatment coupled with host-intrinsic 
differences in TCR repertoire in responding versus non-responding tumors 
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Differential responses to immune checkpoint inhibitors (ICI) may be attributed to tumor-intrinsic factors or 
environmental cues; however, these mechanisms cannot fully explain the variable ICI responses in different 
individuals. Here, we investigate the potential contribution of immunological heterogeneity with a focus on 
differences in T-cell receptor (TCR) repertoire to ICI responses, which has not been defined previously. To reveal 
additional factors underlying heterogeneous responses to ICI, we employed a squamous cell carcinoma (SCC) 
mouse model in which tumor-bearing recipients unambiguously diverged into responders (R) or non-responders 
(NR) upon anti-PD-L1 treatment. Treatment efficacy absolutely required CD8 T-cells and correlated positively 
with effector functions of CD8 tumor-infiltrating lymphocytes (TILs). We showed that TCR repertoires exhibited 
a similar magnitude of clonal expansion in R vs. NR CD8 TILs. However, the top expanded TCR clonotypes 
appeared to be mutually exclusive between R and NR CD8 TILs, which also occurred in a recipient-specific 
manner, demonstrating preferential expansion of distinct TCR clonotypes against the same SCC tumor. 
Unexpectedly, R vs. NR CD8 TILs reached all activation clusters and did not exhibit substantial global differences 
in transcriptomes. By linking single-cell transcriptomic data with unique TCR clonotypes, CD8 TILs harboring top 
TCR clonotypes were found to occupy distinct activation clusters and upregulate genes favoring anti-tumor 
immunity to different extents in R vs. NR. We conclude that stochastic differences in CD8 TIL TCR repertoire 
and distinct activation states of top TCR clonotypes may contribute to differential anti-PD-L1 responses. Our 
study suggests that host-intrinsic immunological heterogeneity may offer a new explanation for differential ICI 
responses in different individuals, which could impact on strategies for personalized cancer immunotherapy. 
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Evaluation of CD38KO/CD38-CAR Human Primary Natural Killer Cells against 
CD38-expressing Hematologic Malignancies 
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NK cells have strong cancer immunotherapeutic potential that can be further augmented by engineering with a 
chimeric antigen receptor (CAR). CD38, a transmembrane glycoprotein involved in signal transduction and 
cellular adhesion, is highly expressed on the surface of the hematologic malignancies multiple myeloma (MM), 
acute myeloid leukemia (AML), Burkitt Lymphoma (BL) and T-cell acute lymphoblastic leukemia (T-ALL). FDA 
approved CD38 monoclonal antibodies (mAb) daratumumab and isatuximab are used to treat MM in patients, 
and have been tested to treat other CD38 expressing malignancies. NK cells play an imperative role in the 
efficacy of these antibodies and have natural antitumor activity against these cancers. However, because NK 
cells also highly express CD38, anti-CD38 mAb can cause NK cell fratricide, limiting their efficacy. Here, we 
generated multiple CD38 scFv based on isatuximab sequences and generated fratricide-resistant primary CD38-
CAR NK cells using CRISPR/Cas9 genome editing and AAV gene delivery. Using this approach, we inserted 
the CAR gene into the CD38 locus to efficiently generate simultaneous CD38KO and CD38-CARKI. 
We generated two different CD38-CAR NK against AML, MM, T-ALL and BL immortalized cell lines and primary 
patient samples. We enhanced CD38 expression in target cancer cells by pre-treatment with all-trans retinoic 
acid (ATRA), a metabolite of vitamin A that pushes cells to maturation, consequently upregulating CD38. The 
sequential treatment of target cells with 10nM ATRA for 48 hours enhanced the cytotoxic activity of the 
CD38KO/CD38-CAR-NK cells against MM, BL and AML.  
To further understand how CD38 expression could limit the efficacy of a CD38-CAR NK cell due to fratricide, we 
compared the CD38KO/CD38-CAR NK cells with AAVS1KO/CD38-CAR NK cells in which the CD38 gene is 
intact. Following two weeks of expansion of AAVS1KO/CD38-CAR NK, we observed a total depletion of CD38-
expressing NK cells and overgrowth of CD38negative CAR-expressing NK cells as a result of fratricide. 
Regardless of the site of the CAR insertion, both CAR NK cells exhibited significantly higher cytotoxicity, CAR 
expression, and metabolism than their paired wildtype NK cells but similar to each other.  
In summary, we report a novel human primary off-the-shelf fratricide resistant CD38-CAR-NK cell with superior 
antitumor activity against multiple CD38 expressing malignancies such as AML, T-ALL, MM and BL, with similar 
cytotoxicity as CD38-CAR T cells. 
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Defining HPV-specific B cell responses in patients with head and neck cancer 
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Tumors often contain substantial numbers of B cells and plasma cells but the antigen specificity of these 
intratumoral B cells has not been well studied. Here we show that human papillomavirus (HPV)-specific B cell 
responses are detectable in tumors from patients with HPV-positive head and neck cancers, with active 
production of HPV-specific IgG antibodies in situ. While undetectable in the peripheral blood, HPV-specific 
antibody secreting cells (ASCs) were present in the tumor microenvironment (TME), with minimal bystander 
recruitment of influenza-specific cells, suggesting a localized and tumor antigen-specific ASC response. HPV-
specific ASC responses correlated with plasma IgG titers and were directed against the HPV proteins E2, E6 
and E7, with the most dominant response against E2. Using intratumoral B cells and plasma cells, we generated 
several HPV-specific human monoclonal antibodies, which exhibited a high degree of somatic hypermutation, 
consistent with chronic antigen exposure. Single-cell RNA sequencing analyses detected activated B cells 
(ABCs), germinal center B cells (GCBs) and ASCs within the TME. Compared with the tumor parenchyma, B 
cells and ASCs were preferentially localized in the tumor stroma, with well-formed clusters of ABCs indicating 
ongoing GC reactions. Overall, we show that antigen-specific ABCs and GCBs as well as plasma cells can be 
found in the TME. Our findings provide a better understanding of humoral immune responses in human cancer 
and suggest that tumor-infiltrating B cells could be harnessed for the development of diagnostic and therapeutic 
agents. 
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Entolimod, our clinical stage TLR5 agonist, improves chemo-immunotherapy 
responses in a clinically relevant pre-clinical model of triple negative breast 
cancer 
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Chemo-immunotherapy (CTx-I) is FDA approved for locally advanced and metastatic PD-L1+ triple negative 
breast cancer (TNBC). Despite this advancement in the treatment landscape of this aggressive disease with the 
poorest outcomes of all breast cancer subtypes, a need still exists to improve CTx-I survival outcomes especially 
in the advanced disease setting. TNBC promotes immunosuppression and one major mechanism is the 
expansion of polymorphonuclear myeloid-derived suppressor cells (PMN-MDSCs), which may act as a key 
barrier to CTx-I efficacy in both murine and human disease. Thus, novel strategies that mitigate PMN-MDSC 
activity to improve CTx-I responses in TNBC is warranted. Towards this end, toll-like receptor (TLR) 5 signaling 
has been reported to reduce total MDSC numbers and enhance antitumor immunity. We previously showed that 
systemic administration of our TLR5 agonist, entolimod, stimulates durable CD8+ T cell immunity against early-
stage metastasis of 4T1, a well-recognized preclinical model of PD-L1+ TNBC that expands PMN-MDSCs. 
However, the antimetastatic activity of single-agent entolimod was not completely effective, highlighting the need 
to combine entolimod with additional immune-based modalities such as CTx-I to further improve tumor control. 
Thus, we hypothesized that entolimod improves CTx-I response by modulating PMN-MDSC activity in cancers 
such as TNBC where PMN-MDSC expansion is a relevant mechanism of immune suppression. Using clinically 
oriented CTx-I platforms PD-1/Paclitaxel and PD-L1/Paclitaxel, we show that entolimod overcomes CTx-I 
resistance in the 4T1 model of locally advanced disease. These data highlight that the tri-therapy is more 
effective than single or double agent treatments. Intriguingly, PMN-MDSCs express TLR5 and become less 
immunosuppressive post-entolimod, suggesting that entolimod improves CTx-I responses via attenuating PMN-
MDSC activity. Collectively, the immunomodulator properties of entolimod can be leveraged to boost clinically 
relevant CTx-I platforms in cancers such as TNBC where PMN-MDSC expansion contributes to immune 
suppression. Importantly, systemically administered entolimod was previously shown to be safe in Phase I 
clinical trials cumulatively involving nearly 200 subjects in both healthy volunteers and advanced cancer patients. 
Thus, this preclinical work supports the rationale design of clinical trials that combine entolimod with CTx-I 
platforms for cancers that drive PMN-MDSC expansion. 
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Background: Radiation (RT)-induced lymphopenia (RIL) occurs in up to 75% of patients undergoing RT and is 
correlated with worse tumor control and survival across a spectrum of solid tumors. However, changes in immune 
repertoire (IR) post-RT are not well characterized. This study examined whether RIL was correlated with changes 
in IR. 
Methods: Peripheral lymphocytes for RNA-based IR analysis were collected prospectively before RT and within 
4 weeks of the last RT fraction from 23 patients undergoing conventional (CFRT; ≤3 Gy/day x ≥10 days, n = 13) 
or hypofractionated RT (HFRT; ≥5Gy/day x ≤5 days, n = 10). Absolute lymphocyte counts (ALC; cells/μL) were 
obtained from clinical laboratory data. Shannon entropy and number of unique CDR3 receptors (uCDR3) were 
used as representative parameters for IR, and IGH and Vβ as representative receptor species for B and T cells, 
respectively.  
Results: ALC decreased after RT in 90% (20/22) patients (mean pre-RT ALC 1830 vs 1040 post-RT, p <0.001). 
Mean % ALC loss was greater in CFRT vs HFRT patients (44.3 vs. 35.2%). IR responses were mixed; entropy 
in IGH and Vβ decreased in 18/23 (78%) and 17/23 (74%) patients, respectively; uCDR3 in IGH and Vβ 
decreased in 14/23 (61%) and 15/23 (65%). HFRT patients were more likely to have an increase in either entropy 
or uCDR3 in the face of decreased ALC (36 vs 15%, X2 p = 0.03). Furthermore, while significant decreases in 
entropy were observed for both IGH (median Shannon entropy score 10.4 vs 9.4, p = 0.06) and Vβ (9.7 vs 8.1, 
p = 0.02) in CFRT patients, entropy decreases in the HFRT group were not statistically significant (IGH 10.6 vs 
10.4 and Vβ 10.9 vs 10.8). Among patients with concordant decreases in ALC and uCDR3, a moderate 
correlation between magnitude of ALC loss and uCDR3 levels was observed (r = 0.64, p = 0.02).  
Conclusions: RT-induced changes in the IR are variably reflected in the peripheral ALC. RT-induced 
diminishment of peripheral IR diversity appears to be attenuated in patients treated with HFRT. Additional 
research is needed to confirm and expand upon these findings. 
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Identification of the actionable target, LILRB4, through genetic linkage analysis 
of Diversity Outbred (DO) F1 mice expressing HER2/neu 
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Our goal is to identify cancer regulatory genes amenable to drug manipulation and develop novel intervention 
strategies. We crossed HER2/neu Tg mice with Diversity Outbred (DO) mice carrying individually unique 
genomes and queried the genetic linkage between haplotype and spontaneous mammary tumor onset age or 
growth rate. Quantitative Trait Loci (QTL) in Chr1 and X were linked with tumor onset age, and Chr10 QTL with 
tumor growth rate. The Chr1 (=human Chr2) QTL was also linked to human breast cancer in 11 Genome-Wide 
Association Studies (GWAS; https://www.ebi.ac.uk/gwas/), a clinical validation. But GWAS data is deficient in 
ChrX mapping and does not consider tumor growth rate. Our DO F1 gene discovery platform was not limited as 
GWAS and we identified 26 candidate genes across the 3 QTL. We vetted the cadidate genes with Caris LS’ 
CodeAI to associate cancer patient outcomes with gene expression. We found the expression of 21/26 genes 
significantly associated with survival from primary (n=3,533) and/or metastatic (n=4,870) breast cancer and 
17/26 associated with lung cancer (n=11,334) survival; 13 genes overlapped between the cancers. LILRB4 in 
mouse Chr10 is of particular interest. Expression of this gene predicts survival in both breast and lung cancer. 
By scRNAseq analysis, this transmembrane receptor was expressed by myeloid cells infiltrating normal and 
malignant NeuT mammary tissues. scRNAseq of human breast cancer verified the association of LILRB4 
expression with reduced survival (p<0.00001, GSE161529). In a PANCAN ATACseq dataset, LILRB4 promoter 
accessibility associated with reduced survival (PMID:30361341). These results indicate that LILRB4 is a modifier 
of the tumor progression. As LILRB4 is a myeloid checkpoint molecule, we interrogated immune status in BALB 
NeuT and (BALBxPWK)F1 NeuT tumors. (BALBxPWK)F1 NeuT mice develop tumors earlier but respond to 
cancer vaccines more vigorously, suggesting intrinsic HER2/neu immunity induced by the aggressive tumor. 
scRNA libraries from (BALBxPWK)F1 NeuT tumors showed an expanded lymphocyte cluster (~12%), compared 
with BALB NeuT (2%) and the highest expressed genes were T cell activation markers. Whether difference in 
LILRB4 between BALB and (BALBxPWK)F1 mice contributes to accelerated tumor growth and intrinsic tumor 
immunity is currently being investigated. CA76340 & Herrick Foundation (WZW), Karmanos TBM Program (JBJ) 
and P30 CA022453 (GB). 
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The development of an effective vaccine construct against tumor associated carbohydrate antigens (TACAs) is 
an attractive approach towards cancer treatment and prevention. However, a significant challenge is that TACAs 
are only weakly immunogenic and direct administration of TACAs cannot elicit a powerful antibody response to 
protect the host from cancer development.  
In this presentation, we will present our strategies in engineering virus like particle bacteriophage Qβ to 
significantly enhance the immunogenicity of TACAs as potential anti-cancer vaccines using ganglioside GD2 as 
a representative antigen. Ganglioside GD2 is an appealing TACA due to its overexpression on many types of 
tumor cells. However, its low immunogenicity and the significant side effects observed with anti-GD2 antibodies 
present significant obstacles for vaccines. To overcome these, a new GD2 derivative bearing an N-acetamide 
(NHAc) at its non-reducing end neuraminic acid (9NHAc-GD2) has been designed to mimic the 9-O-acetylated-
GD2 (9OAc-GD2), a GD2 based antigen with a restricted expression on tumor cells. 9NHAc-GD2 was 
synthesized efficiently via a chemoenzymatic method and subsequently conjugated with a powerful carrier 
bacteriophage Qβ. Mouse immunization with the Qβ-9NHAc-GD2 conjugate elicited strong and long-lasting IgG 
antibodies, which were highly selective toward 9NHAc-GD2 with little cross-recognition of GD2. Immunization of 
canines with Qβ-9NHAc-GD2 showed the construct was immunogenic in canines with little adverse effects, 
paving the way for future clinical translation to humans. 
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Lymph node metastasis in oral cancer is associated with intratumoral 
Fusobacterium nucleatum and decreased lymph node microbial diversity. 
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Background Lymph node (LN) metastasis is a poor prognostic factor in advanced oral cavity squamous cell 
carcinoma (OCSCC), with 5-year overall survival rates below 50%. Our group recently demonstrated that tumor-
associated oral pathobionts, such as Fusobacterium nucleatum, can upregulate PD-L1 in oral cancer. We 
therefore hypothesized that oral pathobionts may also be associated with LN metastasis. In this study, we 
evaluated the composition of bacteria in oral cancer LN metastasis via bacterial taxonomic profiling in paired 
patient primary tumor and LN samples from surgical resections of OSCC. 
Methods Using 16s rRNA gene sequencing, we characterized the microbiome of 34 OSCC patients (23 with 
positive LN and 11 with negative LN status) treated surgically at a single institution. DNA was sequenced from 
121 FFPE tissue samples comprising: primary tumor, adjacent normal, LN (positive for carcinoma), and normal 
LN. We performed bioinformatics analysis using a DADA2 based pipeline. Linear regression and Wilcoxon tests 
were performed on genera and abundances against metadata variables in R (significance p<0.05). FISH was 
performed using 16S and Fusobacterium probes and FFPE samples were profiled for the spatial bacterial 
composition.  
Results In our cohort of 34 surgical patients, the most common OSCC subtypes were oral tongue (58.8%) and 
alveolar ridge (17.6%). 16s rRNA sequencing demonstrated significantly reduced alpha diversity in primary tumor 
(p=0.0042) and metastatic LN samples (p=0.034) compared with paired adjacent normal and negative LN 
tissues. The bacterial microbiome of metastatic LNs was significantly different than normal LNs by beta diversity 
analysis (p<0.05). Fusobacterium was significantly enriched (p<0.05) in both primary tumor and positive LN 
samples when compared to controls. Using FISH to spatially examine tissues, we identified increased 
Fusobacterium in both primary tumor and nodal tissues both intracellularly and in stromal locations.  
Conclusions In patients with OCSCC, the bacterial diversity of metastatic lymph nodes was significantly reduced 
compared to uninvolved LN tissue in the same patients. Fusobacterium was significantly enriched in metastatic 
LN samples. Future mechanistic studies are needed to determine if these bacteria are drivers or passengers in 
head and neck lymph node metastasis and whether bacteria can be used as potential biomarkers in high-risk 
patients. 
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antitumor immunity and tumor growth suppression in ICI-R melanoma 
 
 
Catherine M Phelps1,3, Jake H Shapira1, Alex C McPherson1,2,3, Mohit Rana1, Colin Laughlin1,  
Marlies Meisel1,3 
 
1Department of Immunology, University of Pittsburgh School of Medicine, Pittsburgh, PA, USA 
2Department of Infectious Diseases and Microbiology, University of Pittsburgh School of Public Health; Pittsburgh, PA, 

USA 
3Cancer Immunology and Immunotherapy Program, UPMC Hillman Cancer Center; Pittsburgh, PA, USA 
 
 
Metastatic melanoma is among the deadliest forms of cancer due to high rates of resistance to first-choice 
treatments, including immune checkpoint inhibitor (ICI) therapy. As melanoma incidence among the American 
public remains high, it is imperative that novel factors to improve treatment efficacy be explored. External factors 
such as physical exercise have been shown to exert antitumor effects and improve ICI responsiveness in patient 
studies, but the mechanism by which this occurs remains undefined. Here, we present exciting preliminary data 
showing that physical exercise restrains ICI-resistant melanoma tumor growth in a manner which is dependent 
upon adaptive immunity and the microbiota. On a cellular level, we identified that physical exercise facilitates a 
significant systemic expansion of interferon- producing CD8 and CD4 T cells and suppresses Foxp3+ 
regulatory T cells. Further, we identify that exercise induces significant changes to the gut and tumor microbiome 
composition through 16s rRNA sequencing and a live culturomics approach. Strikingly, we identify that the 
exercise-primed gut microbiota is required for and sufficient to confer tumor suppression in our model.  
We hypothesize that physical exercise promotes anticancer immunity in ICI-resistant melanoma by enriching 
antitumor commensal bacterial species in the gut and/or tumor microbiome that promote antitumor activity of T 
cells. In ongoing and future analyses, we will determine exercise-induced compositional and transcriptomic 
changes to intratumoral immunity and assess the requirement and sufficiency of different T cell subsets and the 
tumor microbiota to confer tumor suppression. Further, we will interrogate the functional role of bacterial species 
enriched in the exercise-primed gut and tumor microbiota. Results of this study will identify immunologic- and 
microbial-based therapeutic targets that can be deployed as adjuvants to increase sensitivity to existing anti-
cancer immunotherapies in melanoma and possibly other cancers. 
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Leukemia stem cells (LSCs) represent a small portion (<0.1%) of chemoresistant cells that persist after initial 
treatment and are primarily responsible for relapse in acute myeloid leukemia (AML) patients. Over time LSCs 
repopulate the disease due to their ability to self-renew and produce differentiated progeny. Many studies have 
confirmed that a higher frequency of LSCs at diagnosis correlates with a significant decrease in relapse-free 
survival. Since LSCs are resistant to currently used chemotherapies, new therapies are needed that disrupt their 
repopulation capacity, thus eliminating the source of relapse and leading to long-term cures. 
AML cells reside predominantly in the bone marrow (BM) which is characterized by intrinsic hypoxic conditions. 
Cellular adaptations to hypoxia can also confer a survival advantage by providing a means of resisting 
chemotherapy. One such mechanism is autophagy, a pro-survival recycling process used to reallocate nutrients 
and remove damaged organelles. Our lab has previously shown human AML cell lines cultured under hypoxia 
(1% O2) upregulate autophagy. Additionally, pharmacological inhibition of autophagy induces AML cell death, 
an effect which was significantly enhanced under hypoxia vs normoxia (21% O2). This suggests a reliance of 
AML cells on autophagy for survival under hypoxic conditions reflecting the natural BM microenvironment.  
The clinical development of autophagy inhibitors has been limited due to a lack of in vivo efficacy. We 
demonstrated that autophagy inhibitor Lys05 is efficacious in the hypoxic BM environment, decreasing leukemia 
burden and prolonging survival in human cell line xenografts. Using serially transplanted AML patient sample 
xenografts, we showed that autophagy inhibition impacts AML LSCs, reducing their ability to repopulate disease 
upon transplantation. These results suggest autophagy plays a key role in the maintenance of AML LSCs and 
suggests that inhibition of autophagy by pharmacological agents such as Lys05 may be a viable therapeutic 
method of eliminating LSCs.  
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Mucosal associated invariant T (MAIT) cells are innate like T-cells that recognize non-peptide metabolite 
antigens presented on monomorphic MHC related-1 (MR1) making them an attractive off the shelf tool for cancer 
immunotherapy. In this study, we investigate the function of MAITs in the tumor microenvironment of neoadjuvant 
anti-PD1 treated lung cancer patients (NCT02259621). Paired single cell RNA/TCR sequencing analysis 
revealed an oligoclonal expansion of MAITs comprising of canonical TRAV1-2+ and non-canonical MAITs 
TRAV1-2-. TCR capture from canonical MAIT clonotypes confirmed their in vitro recognition of 5-OP-RU, a 
bacteria derived riboflavin derivative. However, the nature of antigens recognized by non-canonical MAITs 
remains poorly understood. On mining transcriptional profiles of MAITs, we observed a high clonal amplification 
of canonical MAITs whereas the non-canonical clonotypes expressed a strong activation/exhaustion gene 
signature. This suggests that both these MAIT populations recognize different types of antigens, are differentially 
activated, and respond to immune checkpoint blockade (ICB), the non-canonical MAITs being highly 
dysfunctional. Using bacterial 16S RNA amplicon and metagenomics sequencing, we seek to identify microbial 
and metabolomic signatures associated with MAIT activation and response to ICB. Our findings will provide 
further insights into the nature of ligands recognized by MAITs and the mechanisms associated with MR1 
dependent recognition and killing of tumor. Investigating the role of unconventional T-cells in response to ICB 
has the potential to reveal new tumor-associated antigens which could open up avenues for innovative 
combination immunotherapies and improve response to ICB. 
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Background: In recent years, immunotherapies have become a major focus for the treatment of various cancer 
types. Particularly, checkpoint blockade therapies, such as programmed cell death protein-1 (PD-1), have been 
proven to be successful in preventing anti-tumor immunity. While strides have been made to understand the 
mechanisms behind an effective immunotherapy, it is equally as important to understand how the tumor’s 
microenvironment is responding to the immunotherapy. More importantly, a deeper understanding of the low 
efficacy of immunotherapies is strongly warranted. Specifically, the cellular and structural components of the 
tumor microenvironment (TME) that play important roles in tumor survival and function need to be identified and 
well-studied. In cancer, Interferon-gamma (IFNγ) is a cytokine known to play a prominent role in both anti-tumor 
and pro-tumor immunity, making it pleiotropic in the TME. We want to address which cells may produce a pro or 
an anti-tumor effect with therapy, which has led us to ask: What is the source of IFNγ that is required for tumor 
clearance following anti-PD-1 immunotherapy? 
Methods: To interrogate this question, we created murine models where IFNγ was conditionally knocked out on 
specific cells in the TME; this includes Natural Killer (NK), T regulatory, CD4 T conventional, and CD8 cytotoxic 
T cells. Once each murine model was established and validated via qPCR, we then moved into examining the 
deletion of IFNγ and the immunophenotypic changes we see in tumor progression or regression over a period 
of time. The MC38 cell line was chosen to complete all tumor experiments with, including anti-PD-1 therapy, 
because it is sensitive to anti-PD-1. 
Results: Interestingly, when cytotoxic T cells secrete IFNγ, they promote tumor regression with anti-PD-1 
immunotherapy and play a leading role in limiting immunosuppression. In contrast, when regulatory T cells lose 
their IFNγ function, there is no change in tumor regression or survival with anti-PD-1 immunotherapy. Very 
similarly, when NK cells lose IFNγ, they also have little change in tumor regression or survival when given anti-
PD-1 immunotherapy. 
Conclusions: These findings suggest that IFNγ production is essential for cytotoxic T cells within the TME and 
when paired with an immunotherapy, promote tumor regression. 
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Pancreatic ductal adenocarcinoma (PDAC) is an aggressive cancer with a five-year survival rate of 12%. Current 
therapies are often ineffective due to metastasis and an immunosuppressive tumor microenvironment (TME). 
Activating Transcription Factor 4 (ATF4), a master regulator of cellular stress, is exploited by cancer cells to 
promote their survival and negatively affect anti-tumor immunity. We stratified grade 3 PDAC patients for ATF4 
mRNA expression from the PanCancer Database and found high ATF4 expressing patients had overall worse 
survival. We validated the increased ATF4 expression in tumor cells as well as surrounding cancer associated 
fibroblasts, myeloid cells, and immune cells by analyzing single cell-RNA sequencing of human PDAC patients 
and multiplex-IHC of genetically engineered mice PDAC tissue, respectively. Tomatidine, a natural steroidal 
alkaloid, has been associated with inhibition of ATF4-dependent signaling in multiple diseases. Therefore, the 
aim of the study was to determine whether tomatidine can target ATF4 in the TME to limit pancreatic cancer. 
Tomatidine administration in human and murine PDAC cells showed inhibition of tumor growth in vitro. Daily 
intraperitoneal injections of 5mg/kg tomatidine significantly reduced tumor growth in a subcutaneous pancreatic 
cancer model in vivo. Tomatidine reduced phosphorylation of 4EBP1 (downstream of ATF4) in vitro and reduced 
ATF4 mRNA in vivo. Further, chromatin immunoprecipitation revealed that tomatidine reduced the transcriptional 
binding activity of ATF4 with downstream genes. Tomatidine also inhibited nuclear translocation of ATF4 causing 
ATF4 to be a dysfunctional transcription factor. 3D ECM-hydrogels were utilized to study changes in tomatidine 
efficacy to inhibit pancreatic tumor growth in a 3D TME-like architecture. Tomatidine significantly enhanced 
gemcitabine chemosensitivity in 3D ECM-hydrogels and in an orthotopic model of pancreatic cancer in vivo. 
Additionally, we found evidence via RNA-sequencing that tomatidine can trigger the ferroptosis signaling 
pathway and validated this by showing that tomatidine can increase lipid peroxidation, decrease GPX4 
expression, enhance mitochondrial biogenesis in PDAC cells. These data suggest tomatidine targets ATF4 in 
the pancreatic TME leading to ferroptotic cell death. This study highlights a plant derived anti-cancer agent, 
tomatidine, can target ATF4 in the TME and can be developed into a novel therapeutic against PDAC. 
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Despite the approval of immune checkpoint inhibitors for metastatic TNBC, discovering new approaches to 
improve the response rate and efficacy of immunotherapy is urgently needed. One potential way is to reprogram 
the immunosuppressive tumor microenvironment (TME) so that effective anti-tumor immune response can be 
restored. Metabolic stress widely exists in solid tumors and exhibits broad effects on both tumor and immune 
cells. Our previous study showed that tumor intrinsic 6-phosphofructo-2-kinase/fructose-2,6-biphosphatase 4 
(PFKFB4), a glycolytic-shunt enzyme highly expressed in breast cancer, is critical for metabolic and 
transcriptional rewiring in hypoxic breast TME. Blocking tumor intrinsic PFKFB4 reduces tumor metastatic 
potential through compromising glutathione synthesis and transcription of αvβ3 integrin pathway genes in 
hypoxic TME. However, how PFKFB4 affects host immune response remains elusive. Bioinformatic analyses of 
breast cancer patient database showed a negative correlation of PFKFB4 expression and CD8+ T cell infiltration. 
To validate this observation, we deleted tumor PFKFB4 in EMT6 breast cancer syngeneic model and found that 
PFKFB4 deletion completely abrogated tumor progression; however, CD8+ T cell depletion was sufficient to 
restore the tumor growth, suggesting that PFKFB4 may promote tumor growth in a CD8+ T cell dependent 
mechanism. Further immune profiling showed that PFKFB4 deletion significantly increases CD8+ T cell 
infiltration and its cytotoxic function, which is accompanied by enrichment of CD103+ dendritic cells (cDC1). To 
gain mechanistic insights into the tumor-immune crosstalk regulated by PFKFB4, we profiled the secretome from 
tumor interstitial fluid isolated from control and PFKFB4-deleted tumors. The data identified a wide variety of 
metabolites significantly enriched in PFKFB4-deleted tumors spanning amino acids, polyamines and lipids, which 
implicates that PFKFB4 blockade may relieve metabolic stress imposed on immune populations. Furthermore, 
we also identified T cell chemokine CXCL9 and anti-inflammatory cytokine IL-1 receptor antagonist that were 
highly expressed in PFKFB4-deleted TME. These data altogether imply that blocking tumor intrinsic PFKFB4 
may permit CD8+ T cell infiltration and reinvigorate their cytotoxic function through reprogramming the 
immunosuppressive TME to overcome resistance to immunotherapy. 
[Supported by NIH-DP2CA260421 to S.D., and Breast Cancer Coalition of Rochester grant to T.D.] 
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Rectal cancer (RC) is a devastating malignancy that makes up one third of all colorectal diseases. On average, 
over 40,000 people in the United States are diagnosed with this cancer each year. In an effort to delay or even 
prevent surgical resection that greatly reduces quality of life, patients with RC are commonly administered pre-
operative short course radiation therapy (SCRT). SCRT can significantly reduce tumor burden in a subset of 
patients, however the majority of patient’s tumors do not respond to RT, and this divide is poorly understood. To 
study this, we developed an orthotopic model of RC that recapitulates human disease in which administration of 
clinically relevant SCRT results in mice bearing tumors that demonstrate a reduction of tumor burden 
(responders), and a group of mice whose tumors respond poorly (nonresponders). RNA-sequencing of 
intratumoral cell populations revealed an upregulation of the Type I Interferon (IFN) signaling pathway in 
responder tumors when compared to nonresponders. Type I IFNs have emerged as essential cytokines that 
mediate the antitumor immune response elicited by radiotherapy. Therefore, we hypothesized that SCRT 
elevated Type I IFNs in responder tumors to a greater extent when compared to nonresponders. In accordance, 
responder tumors had higher concentrations of intratumoral Type I IFN that were maintained throughout the 
treatment when measured by ELISA. Blockade of the Type I IFN receptors and the cGAS/STING pathway 
completely abrogated the responder phenotype further emphasizing the importance of these factors in dictating 
the responder/nonresponder divide. Analysis of the tumor microenvironment identified the presence of CD8+ T 
cells that were not only in a heightened state of activation, but also essential in mediating treatment efficacy 
specifically in responder tumors. We translated these findings to a therapeutic intervention where tumors were 
treated concurrently with SCRT and a local cGAMP agonist designed to augment Type I IFN concentrations via 
the cGAS-STING pathway. Combination treatment resulted in a higher percentage of responder tumors and 
markedly improved treatment efficacy. Our data has identified intratumoral Type I IFN and the cGAS-STING 
pathway as driving factors that govern the responder/nonresponder divide to SCRT in rectal cancer. More 
importantly, interventions that target these particular pathways are likely to lead to a higher percentage of patients 
that respond to SCRT. 
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MRTX1133 is a non-covalent inhibitor targeting KRASG12D and has immense potential for the treatment of 
pancreatic ductal adenocarcinoma (PDAC) given that ~40% of PDAC patients harbor the KRASG12D mutation. 
While MRTX1133 has demonstrated remarkable efficacy in preclinical models, its impact and dependency on 
immune cells have not been characterized. Using immunocompetent PDAC mouse models, we aimed to 
elucidate the interplay between MRTX1133 and the immune system. Mice were injected subcutaneously with 
tumor cell clones derived from the autochthonous mouse model of PDAC that reproducibly result in high or low 
levels of T cell infiltration. While tumor growth suppression was achieved regardless of initial tumor-infiltrating T 
cell levels, complete regressions were observed only in mice bearing “T cell high” tumors (4/8 10d after treatment 
start). These data indicate that T cell abundance improves MRTX1133 efficacy. T cells were necessary for 
sustained tumor growth inhibition in both subcutaneous and autochthonous PDAC models, as mice depleted of 
CD4+ and CD8+ T cells demonstrated rapid tumor re-growth following MRTX1133 cessation. Batf3KO mice, 
which lack cross-presenting dendritic cells, displayed reduced tumor control compared to wild type mice 
implanted with T cell high tumors, suggesting that T cell priming is required to elicit MRTX1133’s complete anti-
tumor activity. We also assessed the tumor immune microenvironment following MRTX1133 therapy. In the 
subcutaneous setting, “T cell low” tumor cells showed decreased proliferation (Ki-67+, P = 0.024) and increased 
apoptosis (CC3+, P = 0.022) after 36h of MRTX1133. T cell low tumor-bearing mice treated with MRTX1133 for 
60h exhibited increased proportions of CD4+ (by 1.5-fold, P = 0.010) and CD8+ (by 2-fold, P = 0.004) T cells in 
the tumor. These tumor-infiltrating CD8+ T cells were more proliferative (Ki-67+, P < 0.001), activated (CD11a+, 
P = 0.006), and cytotoxic (GZMB+, P = 0.004) compared to corresponding T cells in vehicle-treated mice. 
Additionally, the immune effect from MRTX1133 is systemic, as more CD8+ T cells in the tumor-draining lymph 
nodes of MRTX1133-treated mice were IFNy+ (P < 0.001). Our findings indicate that T cells play an important 
role in MRTX1133’s demonstrated efficacy, suggesting a “vaccine effect” from mutant KRAS inhibition and 
offering a rationale for testing novel combinations of mutant KRAS inhibitors with cancer immunotherapies. 
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While promising objective response rates have been observed in clinical trials combining radiation with 
immunotherapy, few studies have examined the irradiated microenvironment of patient tumors. Further study of 
the tumor immune landscape following radiation is necessary to optimize clinical protocol design to precondition 
tumors with radiotherapy for improved response to immunotherapy. Previous work from our lab examined 
samples from a clinical trial that treated renal cell carcinoma (RCC) patients with 15 Gy radiation to the primary 
tumor followed by nephrectomy (NCT01892930). Our findings showed increased tumor associated antigen and 
immunomodulatory marker expression in radiation-treated RCC compared to tumors from nephrectomy-only 
treated RCC patients. In the present study, we treated RCC cell lines with radiation and performed flow cytometry 
to evaluate the impact of radiation dose and scheduling on antigenicity. To address how radiation altered immune 
recognition we performed single cell RNA sequencing analysis on RCC patient tumors following in situ radiation. 
We found increased tumor associated antigen expression in RCC cell lines treated with a broad range of distinct 
radiation dosing regimens. To further determine the direct and indirect impact of radiation on antigenicity, we 
treated RCC cell lines with distinct radiation regimens, harvested the supernatant and transferred the 
supernatant onto untreated RCC cell lines. We found that transfer of supernatant alone was sufficient to increase 
tumor cell surface marker expression. To understand how radiation could alter immune recognition within the 
human tumor immune landscape we performed single cell RNA sequencing. We then compared CD8+ T cells 
and tumor cells from primary RCC patient tumors treated with or without 15 Gy radiation. We found enriched 
predicted interactions between CD8+ T cells and RCC in patient tumors treated with radiation. Together, these 
results show that following radiation there is increased expression of tumor associated antigens, 
immunomodulatory markers, and predicted CD8+ T cell interaction with tumor cells. 
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The generation of a robust anti-tumor immune response is now recognized as a key component of an effective 
radiation therapy (RT) treatment. For this to occur, RT treatments must damage and kill tumor cells within the 
tumor microenvironment (TME), result in the release of damage associated molecular patterns (DAMPs) and 
tumor specific antigens, and ultimately direct the immune system to eliminate other tumor cells. The molecule 
ATP is a key DAMP released during RT and is highly immunogenic. However, catabolic enzymes expressed in 
the TME can rapidly break down ATP into adenosine. Adenosine is highly immunosuppressive, thus factors that 
increase the expression of the catabolic enzymes CD39 and CD73 in the TME are considered to be detrimental 
to the anti-tumor immune response. 
Although numerous signaling pathways promote resistance to RT, we have found that stress induced signaling 
by catecholamines through β-adrenergic receptors (β-ARs) is an underappreciated inducer of radioresistance. 
Specifically, using several cell lines including CT26 (colon), Pan02 (pancreatic), and B16 (melanoma), we have 
shown that treatment with the pan-β-AR agonist isoproterenol (10µM) and one dose of 6 Gy radiation results in 
an increase in survival by clonogenic assay and an increase in expression of CD39 and CD73 by flow cytometric 
analysis. Isoproterenol also increased the rate at which cells catabolize ATP into adenosine in culture. 
Furthermore, in vivo treatment with the β-AR antagonist, propranolol (10 mg/kg, daily), increased the efficacy of 
RT (6 Gy) in BALB/c mice bearing CT26 leg tumors. Additionally, knockdown of the β2-AR in CT26 tumor cells 
increased the efficacy of RT in vivo. Although studies on the details of how this occurs are ongoing, we believe 
that adenosine production and changes in other of cell death pathways in the TME could be a mechanism 
through which stress reduces the efficacy of radiation therapy. 
These results provide the basis for future studies investigating the clinical significance of these findings, and may 
provide rationale for the use of stress reducing therapies in patients. In addition, they shed light on an opportunity 
to take advantage of potential synergies between β-AR antagonists and adenosine focused treatments in 
combination with radiation therapy. 
Supported by RPCCC Alliance Foundation & NIH Grants: P30CA016056, R01CA205246, R01CA236390 (EA & 
AS), K99HL155792 and F32CA239356 (HM), and T32CA085183 and F30CA265127 (CM) 
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Pancreatic ductal adenocarcinoma (PDAC) is an aggressive malignancy that is currently the fourth leading cause 
of cancer related deaths, with a 5-year survival rate of only 10%. Surgical resection is the only reliable treatment 
thus far, but even with resection there is an 80% chance of recurrence. Immunotherapy has emerged as a viable 
therapy for a variety of tumors, but has been largely unsuccessful in treating PDAC due to the inherent 
suppressive nature of this malignancy. However, recent data suggests that the efficacy of immunotherapy may 
be enhanced when combined with radiotherapy. Our laboratory has developed a novel treatment that combines 
the potent antitumor immune cytokine, interleukin-12 (IL-12) with highly effective stereotactic body radiation 
therapy (SBRT), which results in remarkable tumor control and cure in a preclinical orthotopic model of PDAC.  
Due to the high likelihood of recurrence in this malignancy, we investigated whether this combinatorial treatment 
approach can promote long-lasting antitumor immunity. Our data demonstrated that mice cured of primary PDAC 
tumors following SBRT+IL-12 therapy are protected against tumor rechallenge for as long as 8 months post-
cure. Importantly, transfer studies using central memory T cells (Tcm) revealed that CD4+ Tcm cells, but not 
CD8+ Tcm cells are the predominant immune subset responsible for long-lasting immunity. Additionally, while 
investigating the cured pancreas weeks to months after treatment, we observed pronounced changes in tissue 
architecture by immunohistochemistry and flow cytometry, with adipose rich areas containing abundant CD4+ T 
cells, which exhibited a tissue-resident memory (Trm) phenotype of CD44+, CD62L-, & CD69+. These data 
suggest that local SBRT+IL-12 therapy results in the presence of long-lived Trm cells in the pancreas that may 
be poised to attack recurrent tumor cells. Future plans will translate these findings into a clinical trial where PDAC 
patients eligible for surgical resection will first receive treatment with SBRT+IL-12 in a neoadjuvant setting before 
surgery. We hypothesize this innovative combination therapy will act as an in-situ vaccine and induce memory 
cells to protect against PDAC recurrence. 
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Renal cell carcinoma (RCC) is relatively sensitive to immunotherapy yet has low tumor mutational burden and 
predicted neoantigen expression. Given patient responsiveness to immunotherapy and high levels of immune 
activity in RCC, the immunogenic targets in RCC are likely yet to be identified. One potential source of such 
antigens are human endogenous retroviruses (HERVs). HERVs are elements of DNA that are highly 
evolutionarily conserved in the human genome, originating from ancestral viruses. Recent work has 
demonstrated a correlation between novel HERV expression and response to immune checkpoint blockade in 
RCC (Smith et al., JCI, 2018). Additionally, stereotactic body radiation therapy (SBRT) is being investigated as 
tool for improved immune recognition and preconditioning for immune checkpoint blockade in RCC. Furthermore, 
SBRT is known to modify the epigenome of cancer cells, potentially allowing for the expression of 
transcriptionally suppressed HERV elements. As such, we sought to identify HERVs expressed subsequent to 
SBRT in RCC. A clinical trial at Roswell Park Comprehensive Cancer Center was performed in which patients 
diagnosed with clear cell RCC were treated with 15 Gy SBRT to the primary tumor 4 weeks prior to nephrectomy 
(NCT01892930). Tumor samples from patients enrolled on this trial as well as control RCC samples from patients 
treated with nephrectomy only, were preserved in single cell suspensions. Prior analysis from our group of these 
samples showed an increase in tumor-associated antigen expression following SBRT. Here, we analyzed 
recently acquired single cell RNA sequencing data from these same samples to evaluate HERV expression. 
CD45 negative cells were isolated computationally and collapsed for bulk transcriptomic analysis. To further 
explore HERVs as an antigen source, differential expression analysis of known HERV transcripts was performed. 
Several HERVs were upregulated in patients treated with SBRT compared to nephrectomy only: ERV3-1 (padj. 
= 1e-7), ERVMER61-1 (padj. = 3e-7), and ERVW-1 (padj. = 0.0496). Current characterization of HERV 
transcripts within publicly available reference databases is limited, therefore we next will apply a validated 
computational algorithm – hervQuant – to examine a more robust directory of HERV sequences in the context 
of SBRT in RCC. 
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A primary goal of cancer immunotherapy is to engage the immune system to recognize and attack tumor cells. 
Macrophages are a predominant component of the immune infiltrate of most tumors, and they can play important 
pro- or anti-tumor roles. Photodynamic therapy (PDT) is a method to target a specific region of tissue by utilizing 
a laser with a fixed wavelength of light that activates a drug compound. This is advantageous because treatments 
can be administered regionally/systemically and are only activated when and where they are needed. We have 
previously shown that photodynamic metalloimmunotherapy with ruthenium (Ru) compounds is preferentially 
toxic to tumor cells and macrophages in vitro using both 2D and 3D cultures, with limited normal cell killing. 
Importantly, the observed treatment effect required both the drug and laser. We also found that in vitro PDT 
treatment induced the immunogenic cell death (ICD) marker calreticulin on the surface of dying tumor cells, 
suggesting these Ru based compounds may have the capacity to induce anti-tumor immunity. To further test 
whether PDT is able to produce a protective, adaptive immune response to tumor, we utilized the 4T1 model of 
triple negative breast cancer in BALB/c mice. Tumor cells were inoculated orthotopically in the #4 mammary fat 
pad, and once tumors reached ~20 mm3, PDT therapy began. Our Ru-BODIPY compound was administered 
intratumorally in 10 µL volume, and four hours later the tumor was pulsed with a 532 nm laser for two cycles of 
10 minutes. In a pilot experiment, we observed no off-target or harmful effects. Analysis of the tumor immune 
microenvironment shows evidence of altered immune activity, even after only one treatment. In a follow-on 
experiment where 5 doses were administered, we find an initial increase in tumor volume, with subsequent tumor 
shrinkage. These results suggest that PDT is a promising therapeutic with the potential to augment anti-tumor 
immunity. 
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Increased number of tumor macrophages portend a worse prognosis in breast cancer patients. As tumors grow, 
demand for oxygen outweighs supply and expansion of dysfunctional vasculature results in hypoxia. 
Macrophages play a central role in the generation of vasculature heterogeneity that perpetuate hypoxia. 
Molecular mechanisms in which macrophages respond to low oxygen tension has been increasingly investigated 
in the last decade as therapeutic targets. While hypoxia is connected to all Hallmarks of Cancer for tumor 
progression, it also limits therapeutic opportunities of both chemo- and radiotherapies. Hypoxia stabilizes hypoxia 
inducible transcription factor (HIF)-1α in macrophages which drives a transcriptional program to promote new 
blood vessels from pre-existing vessels in a process known as angiogenesis, as well as an immunosuppressive 
phenotype that suppresses cytotoxic T cell proliferation. Under hypoxia, tumor and stromal cells release 
chemokines that drive recruitment of monocytes from peripheral blood into the tumor proper. These monocytes 
differentiate into macrophages which contribute to poor vessel perfusion exacerbating hypoxia and suppress 
cytotoxic T cell proliferation, limiting their ability to eliminate tumor cells. To investigate, we measured the 
populations of monocytes/macrophages, CD8+ cells, and free endothelial cells longitudinally in blood and tumors 
of orthotopic breast tumor mice. Our current work is focused on constructing a mathematical model to predict 
the effect of macrophage HIF-1α deficiency. Our previously published work demonstrated macrophage HIF-1α-
deficiency in murine breast tumors resulted in significantly less microvessel density but tumor vessels that were 
more functional with increased perfusion and higher tumor oxygenation than control mice with wild type 
macrophages. Macrophage HIF-1α-deficient tumors responded significantly to chemotherapy while control mice 
failed to respond suggesting HIF-1α prompts a counterintuitive, pro-hypoxic phenotype in macrophages. Here, 
our simulations agree with our data collected from control mice, and we are validating these simulations with 
macrophage HIF-1α-deficient tumors. Using CD8+ cell depletion, we found that CD8+ cells at week 1 of tumor 
progression was necessary for chemotherapy response in macrophage HIF-1α-deficient tumors. Future work is 
planned to simulate therapeutic strategies for inhibiting tumor growth such as combining HIF-1α inhibition and 
chemotherapy. 
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Immune checkpoint inhibitors (ICIs), such as those that engage PD-1 on cytotoxic CD8+ T cells, can improve 
survival outcomes across multiple solid cancer types. However, in several cancers, such as triple-negative breast 
cancer (TNBC), the use of these agents either achieve modest benefits similar to standard-of-care or are 
effective in only some subsets of patients. Therefore, while ICIs are promising, there are many barriers which 
limit ICI efficacy, including the immune suppressive tumor microenvironment (TME). One prominent immune 
suppressive cell population of the TME are myeloid-derived suppressor cells (MDSC), which are generated in 
the bone marrow by tumor-derived signals. MDSCs are immature myeloid cells that inhibit the proliferation or 
effector functions of CD8+ T cells even with the use of ICI agents. To overcome this obstacle, our laboratory 
developed a novel approach to target MDSC biogenesis in the bone marrow to mitigate production and function 
to bolster ICI activity in preclinical models of TNBC. We identified a metabolic susceptibility in MDSCs and 
targeted that vulnerability using agents known as dihydroorotate dehydrogenase (DHODH) inhibitors. DHODH 
inhibitors block de novo pyrimidine metabolism and are being used as an anti-AML therapy to promote the 
maturation of leukemic myeloid progenitors. We found that combining DHODH and PD-1 blockade significantly 
diminished TNBC growth and metastasis, with reduced MDSC suppressive activity. We hypothesized that 
DHODH blockade reprograms MDSCs and renders them less pro-tumorigenic. To test this hypothesis, we made 
use of both loss- and gain-of-function approaches. First, in mice receiving the combination regimen, MDSC 
depletion using an antibody-based approach lessened the therapeutic benefit, suggesting that DHODH blockade 
acts through and functionally reprograms MDSCs. Secondly, using an ‘add-back’ approach, MDSCs generated 
in response to DHODH blockade reduced tumor growth compared to MDSCs derived from vehicle controls. 
Altogether, these data indicate that DHODH blockade dampens the pro-tumorigenic phenotype of MDSCs, 
suggesting a novel approach to reprogram MDSCs for use in combination immunotherapies. 
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Pancreatic Ductal Adenocarcinoma (PDAC) has a five-year survival rate of 12%. A fibrotic and 
immunosuppressive tumor microenvironment (TME), difficulty of early detection, and resistance to chemotherapy 
all contribute to the poor survival. CD200 is a glycoprotein that is overexpressed in PDAC patients, and our 
laboratory has found that CD200 antibody blockade reduces tumor burden in mice, which is abrogated by anti-
GR-1 MDSC depletion. The receptor, CD200R, is expressed in macrophages, myeloid-derived suppressor cells 
(MDSCs), and regulatory T cells. Since myeloid cells, such as macrophages and MDSCs, are some of the most 
abundant immune cells in the pancreatic TME, we hypothesize that CD200 signaling through myeloid cells 
promotes their differentiation and immunosuppressive activity. With the objective to assess the effect of CD200R 
KO on myeloid cells on tumor burden, we orthotopically injected KPC-Luc into the pancreas of and control 
CD200RhetLysMCre (n=5) mice and mice (n=12) with the receptor conditionally knocked-down in myeloid cells 
(CD200Rfl/flLysMCre). Mice were euthanized after 25 days post-surgery, and tumors were weighed. Pro-
inflammatory cytokines from the serum and circulating immune populations isolated from the spleen were 
analyzed via ELISA and cytometry by time of flight (CyTOF) respectively. In addition, we analyzed suppressive 
activity by stimulating myeloid cell lines RAW 264.7 and MSC2 with 200 ng/mL soluble CD200. After CD200 
stimulation, we analyzed the expression of immunosuppressive factor Indoleamine 2,3-dioxygenase (IDO1) by 
flow cytometry. CD200Rfl/flLysMCre mice had significantly reduced tumor-burden compared to control 
CD200RhetLysMCre mice, suggesting that CD200 signaling through myeloid cells plays a role in tumor growth. 
Importantly, our CyTOF analysis identified that a lower percentage of myeloid cells expressed CD200R in the 
CD200Rfl/flLysMCre mice compared to the control mice. However, we observed no significant differences in pro-
inflammatory cytokines nor circulating immune populations in the CD200Rfl/flLysMCre mice. Stimulation of 
macrophage-like and MDSC-like cell lines with CD200 increased the expression of IDO1, suggesting that CD200 
signaling induces an immunosuppressive phenotype in myeloid cells. Ultimately, this study indicates a role for 
CD200 signaling through the myeloid cells in the PDAC TME and suggests that CD200 signaling promotes PDAC 
through an immunosuppressive mechanism. 
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The purpose of this study is to investigate the role of GM-CSF in regulating tumor oxygenation through tumor-
associated macrophages (TAMs) to determine if optimum dosing can alleviate tumor hypoxia and drive 
immunostimulation for improved aPD1 therapy. We previously demonstrated GM-CSF-stimulated TAMs 
produced soluble VEGF Receptor-1 (sVEGFR-1) in a dose-dependent manner to neutralize tumor VEGF that 
perpetuates dysregulated angiogenesis and hypoxia. 100ng intratumorally injected (IT) GM-CSF produced 
maximum sVEGFR-1 which lead to vessel ablation and exacerbated hypoxia in murine breast cancer. Because 
hypoxia drives resistance to aPD1, we hypothesized lower dose GM-CSF may stimulate sufficient TAM 
sVEGFR-1 to neutralize excess tumor VEGF for repaired vasculature and alleviation of hypoxia.  
In vivo imaging of PyMT murine breast tumor oxygen demonstrate that 5ng IT GM-CSF 3x/wk for 3wk 
significantly alleviates tumor hypoxia vs. controls without augmenting tumor growth. Furthermore, 5ng GM-CSF 
abolishes correlation between larger tumor volumes and increased hypoxia to suggest alteration of vessel 
acquisition. Tumor vasculature from 5ng GM-CSF-treated tumors yield increased pericyte coverage to suggest 
increased vessel maturation and health. TAMs and CD8+ tumor-infiltrating lymphocytes (TIL) from 5ng GM-CSF-
treated tumors exhibit reduced enrichment of hypoxia hallmark genes. Furthermore, pre-treatment of immune 
“cold,” aPD1-resistant PyMT tumors with 5ng IT GM-CSF sensitizes tumors to aPD1.  
To better understand GM-CSF-driven immunological effects and dosing relevance, TAM and TIL populations 
were assessed in 5ng IT GM-CSF (hypoxia alleviated) vs. 100ng IT GM-CSF (hypoxia sustained) PyMT tumors. 
Surprisingly, IT GM-CSF does not alter TAM “M1” polarization, CD8+ TIL, or Tregs at either dose. However, 
100ng GM-CSF increases overall % TAM and PD1hi TIM3+ and TIGIT+ exhausted CD8+ T cells under sustained 
hypoxia, which may counteract aPD1. In 5ng GM-CSF-treated tumors, no phenotypic changes in TAM or CD8+ 
TIL were observed but % TAMs uniquely correlate with CD8+ TIL. In the immune “hot” 4T1 model, 100ng GM-
CSF does induce MHCIIhi CD80+CD86+ “M1-like” TAM and modestly increases CD8+ TIL exhaustion markers, 
suggesting effects may also differ based on immunological status.  
Overall, these data suggest GM-CSF dosage may be crucial for successful synergy with immunotherapy via 
coordination of immune-regulatory and lesser explored oxygen-regulatory functions. 
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Dendritic cells (DCs) are excellent targets for cancer immunotherapy due to their high effectiveness in activating 
and expanding type-1 immune cells (CD8+ CTLs and CD4+ Th1 cells). A key ability of DCs to induce and attract 
such desirable effector cells is the high production of IL-12p70 and type-1 chemokines CCL5 and CXCL10. DCs 
acquire this ability as a result of maturation, a process driven by the canonical NF-κB signaling pathway. 
However, DC antitumor function is limited by an intrinsic mechanism that causes “DC exhaustion,” a 
phenomenon where DCs lose the ability to produce IL-12p70 over time, and this mechanism remains unknown. 
Interestingly, the alternative NF-κB signaling pathway has been implicated to play a role in DC maturation, but 
this role is still unclear. To investigate the contributions of alternative NF-kB signaling in promoting/preventing 
DC exhaustion, peripheral blood monocyte-derived DCs were matured in the presence of an alternative NF-kB 
blocker or activator and evaluated for antitumor DC function. Here, we report on the impact of canonical and 
alternative NF-κB modulation during DC maturation to affect the magnitude and duration of IL-12p70 and type-
1 chemokine production. 
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Both hypoxic and xenobiotic areas are key features of the harsh tumor microenvironment found in solid tumors. 
The transcription factor Aryl hydrocarbon receptor nuclear translocator (ARNT) is a part of the hypoxia-inducible 
factor (HIF) pathway, which mediates adaptive responses to ensure tumor survival under hypoxic conditions 
such as in solid tumors. ARNT is also required by the aryl hydrocarbon receptor (AhR) signaling pathway in 
response to many environmental toxicants such as kynurenine (Kyn) and kynurenic acid (KA), which cause 
immune dysfunction. Natural Killers cells (NKs) in solid tumors have been reported to exhibit a dysfunctional 
state due to these hypoxic and xenobiotic conditions. Here, we propose that escaping from AhR-ARNT-HIF1α 
signaling could be beneficial for clinical applications due to its ability to overcome both xenobiotic and hypoxic 
conditions. Previously, our laboratory showed that AHR ligands suppress NK cell cytotoxicities. Others also have 
shown that activation of HIF1α pathway can restrict NK cell activity. Thus, we used CRISPR Cas9/RNP approach 
to target ARNT in NKs to overcome the effects AhR-ARNT-HIF1α signaling. First, we evaluated levels of ARNT 
by RT-PCR in both WT and ARNTKO NKs. We successfully generated ARNTKO NK cells achieving 90%, 95% 
and 99% decrease in ARNT at mRNA levels (gRNA1, gRNA2 and gRNA3 respectively). Next, we evaluated NKs 
killing ability in presence of KA. Our data showed that WTNK+KA had lower killing capacity when compared to 
ARNTKO+KA NKs. Then, we evaluated ARNTKO NKs ability to kill tumor cells under hypoxia. Both WT and 
ARNTKO NKs were cultured overnight with cobalt chloride. Our data showed that WTNK cells had a 
21.38±12.5% decrease in cell lysis. In contrast, ARNTKO NK cells were impacted significantly less under hypoxia 
with a 9.54±6.3% decrease in cell lysis. Additionally, ARNTKO NK cells displayed a non-significant decrease of 
NKG2D, ~2%, while WTNK cells presented ~20%. Hypoxia-driven accumulation of extracellular adenosine 
facilitates tumor evasion by engaging cAMP with A2A adenosine receptors. We evaluated the expression of 
ADORA2A and 2B, in both WT and ARNTKO NKs. Our data showed that significant decrease in both ADORA2A 
and 2B in ARNTKO NK cells. Collectively, our data showed that ARNTKO NK cells are protected against both 
xenobiotic and hypoxic features of the hostile tumor microenvironment within solid tumors, improving their clinical 
efficacy for cancer immunotherapy. 
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Ferroptosis is a non-apoptotic form of regulated cell death that is triggered by the discoordination of regulatory 
redox mechanisms culminating in massive peroxidation of polyunsaturated phospholipids. Ferroptosis inducers 
have shown considerable effectiveness in killing tumour cells in vitro, yet there has been no obvious success in 
experimental animal models, with the notable exception of immunodefcient mice. This suggests that the efect of 
ferroptosis on immune cells remains poorly understood. Pathologically activated neutrophils (PMNs), termed 
myeloid-derived suppressor cells (PMN-MDSCs), are major negative regulators of anti-tumour immunity. Here 
we found that PMN-MDSCs in the tumour microenvironment spontaneously die by ferroptosis. Although 
decreasing the presence of PMN-MDSCs, ferroptosis induces the release of oxygenated lipids and limits the 
activity of human and mouse T cells. In immunocompetent mice, genetic and pharmacological inhibition of 
ferroptosis abrogates suppressive activity of PMN-MDSCs, reduces tumour progression and synergizes with 
immune checkpoint blockade to suppress the tumour growth. By contrast, induction of ferroptosis in 
immunocompetent mice promotes tumour growth. Thus, ferroptosis is a unique and targetable 
immunosuppressive mechanism of PMN-MDSCs in the tumour microenvironment that can be pharmacologically 
modulated to limit tumour progression. 
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Glioblastoma multiforme (GBM) is one of the most devastating and lethal brain tumors in humans. Although more 
common in adults, GBM is one of the leading causes of cancer-related death in children. Currently, there is no 
cure for children with GBM. Adaptive cell therapies such as Natural killer (NK) cell immunotherapy have been 
proposed as potential treatments for GBM. NK cells can recognize and kill GBM without prior exposure, and they 
do not cause acute graft versus host disease (GvHD) after infusion, unlike T-cells, making them excellent 
candidates to destroy GBM cells. NK cells can recognize GBM ligands (MICA, MICB) through its natural 
cytotoxicity receptor, natural killer group protein two family member D (NKG2D) receptor. However, Tumor 
growth factor beta (TGF-b) decreases NKG2D expression and causes NK cells to have reduced cytotoxic activity, 
an exhausted phenotype, and less tumor infiltration in the glioma tumor microenvironment. TGF-b in high-grade 
gliomas is crucial in hindering anti-tumor immune response and evading immune cell killing. TGF-b, secreted by 
GBM cells, binds to TGF-b receptors on NK cells and initiates suppressive signaling pathways. Therefore, we 
originally postulated that SMAD3 inhibition would enhance NK cell cytotoxicity against GBM in the presence of 
TGF-b. We showed that inhibition of SMAD3 in NK cells did not improve the NK cell-killing activity against GBM. 
These findings led us to hypothesize that SMAD3-independent (non-canonical) signaling suppresses NK cell 
activity against GBM. We performed RNA and ChIP-seq experiments to identify canonical and non-canonical 
TGF-b signaling genes. We discovered several genes, such as HOBIT (ZNF683), involved in the non-canonical 
TGBF-b signaling. Our results show that HOBIT can directly mediate TGF-b signaling and function in TGF-b 
immunosuppressive activity in NK cells. 
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As cellular immunotherapies become increasingly complex in design, methods to identify and advance the most 
promising therapeutics candidates must also evolve. Current in vitro assays employed to predict in vivo results, 
e.g., killing and cytokine secretion assays, may prove insufficient as only 1 in 8 cellular therapies receive 
approval. Measuring the binding strength between an immune cell and a cancer cell may offer unique insights 
required to increase confidence in candidate selection.    
We developed the z-Movi Cell Avidity Analyzer to directly quantify the binding strength, or cell avidity (CA), 
between effector and target cells. Unlike affinity, CA is the overall strength of interactions between all receptor-
ligand pairs at the interface between a cancer cell and an immune cell. 
Here, we discuss recent studies applying CA measurements to inform candidate selection, demonstrating the 
utility as a novel biomarker for developing potent and safe immunotherapies: 
For CAR-T, correlating traditional in vitro assays and CA readouts with in vivo data demonstrated that CA was 
the most predictive of in vivo function therefore increasing confidence in candidate selection for streamlined 
therapy development. CA readouts have also been employed to explore mechanisms by which solid tumors can 
undermine CAR-T therapy, leading to the concept of avidity escape. 
For CAR-NKs, adding an intracellular scaffolding anchor domain to a standard CAR enhanced synaptic strength 
and, consequently, downstream functionality in synapse-tuned vs traditional CAR-NK cells improving survival in 
solid tumor models including complete responses and rechallenges. 
For TCR-based therapies, high specific avidity—i.e., TCRs with strong antigen binding and low nonspecific 
binding—correlated with improved effector function in vitro and in vivo persistence. 
Higher avidity has been significantly correlated with improved tumor control in murine models, but has also been 
associated with toxicities in patients, suggesting tuning of cell therapies to the desired avidity for ideal function 
is needed. 
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Hormone receptor positive and human epidermal growth factor receptor 2 negative (HR+HER2-) breast cancers 
have low lymphocyte infiltration and are poorly responsive to chemotherapy and immunotherapy. Alternative 
strategies are needed to improve anti-tumor immunity in these cold, poorly immunogenic tumors. Our study aims 
to elucidate whether dendritic cell (DC) activation using agonistic CD40 antibody can restore anti-tumor immunity 
and inhibit tumor growth in HR+HER2- breast cancer. An orthotopic model of HR+HER2- breast cancer was 
established using Brpkp110 cells injected in the abdominal mammary glands of C57BL/6 mice. Tumors and 
tumor-draining lymph nodes (TdLNs) were harvested, processed, and analyzed by flow cytometry. Brpkp110 
tumor-bearing mice treated with a single dose of αCD40 i.p. demonstrated tumor growth suppression and 
increased DC activation within the TdLNs, with upregulation of CD40, CD80, and CD86. Within TdLNs, increases 
in effector memory T cells and upregulation of granzyme B and PD-1 on both CD4 and CD8 T cells were also 
observed. CD8 T cells increased within the tumor after αCD40 treatment. T cell depletion experiments 
demonstrated a dependency on CD8 T cells but not CD4 T cells for the anti-tumor effect of αCD40. The anti-
tumor effect of αCD40 was blunted in BATF3-/- mice, which lack conventional type 1 dendritic cells (cDC1s). 
Lastly, mice bearing Brpkp110 tumors treated with αCD40 and immune checkpoint blockade with αPD-1 and 
αCTLA-4 demonstrated complete tumor regressions. Two months after cessation of treatment, mice with no 
evidence of relapse were rechallenged with repeat injection of Brpkp110 tumor cells. These mice retained the 
ability to clear the secondary tumor challenge. Our data suggest that the anti-tumor effect of αCD40 therapy is 
CD8 T cell and cDC1 dependent. Furthermore, αCD40 plus immune checkpoint blockade leads to complete 
tumor regression and formation of immunologic memory. Therefore, agonistic CD40 therapy may be a viable 
strategy for immune activation and tumor inhibition in HR+HER2- breast cancer. 
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Background: While the microbiome of oral squamous cell carcinoma is a topic of many investigations, little is 
known about the role of bacteria in larynx squamous cell carcinoma (LSCC). The aim of this study was to 
determine if there is a relationship between upper aerodigestive tract pathogenic bacteria and larynx cancer.  
Methods:16S rRNA bacterial gene sequencing was performed for 18 patients with early-stage (stage 1-2) and 
27 patients with advanced-stage (stage 3-4) LSCC diagnosed and treated between 2009 and 2020. DNA from 
tumor and adjacent normal tissue was isolated from FFPE samples. We performed bioinformatics analyses using 
a DADA2-based pipeline and calculated alpha and beta diversity. DAtest was used for differential abundance 
analysis using the random-forest algorithm, and PERMANOVA was performed on all principal coordinates. 
Linear regression and Wilcoxon tests were performed on genera, relative abundances, and amplicon sequence 
variants (ASVs) against metadata variables (significance at P<0.05).  
Results: Of the 27 patients with advanced-stage LSCC, the most commonly involved subsite was the supraglottis 
(N= 18, 66.7%), while the majority of the 18 patients with early-stage tumors had LSCC of the glottis (N=14, 
78%). Bacterial alpha diversity in tumors was decreased when comparing the early and advanced-stage tumor 
samples with adjacent normal tissues; however, only differences between the alpha diversity of the early-stage 
group and adjacent normal tissues were statistically significant (p= 0.031). Advanced-stage tumors had 
significantly increased alpha diversity compared to early-stage tumors (p=0.021). With increases in bacterial 
diversity of the advanced-stage tumors, there were also relative increases in pathogenic bacteria abundance, 
including Capnocytophaga, Prevotella, and Leptotrichia, when compared to early-stage tumor samples. 
Additionally, there was a significant decrease in Rothia and Novosphingobium in the advanced-stage samples 
compared to adjacent normal tissue and early-stage tumors (p<0.05).  
Conclusions: In this study, we demonstrate that bacterial diversity increased in advanced-stage LSCC when 
compared to early-stage tumors. Although the advanced-stage group has a more diverse microbial community 
than the early-stage cohort, this appears to be accounted for by increased pathogenic bacteria within the 
advanced-stage group, such as Capnocytophaga, Prevotella, and Leptotrichia. 
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Background: T cells play a major role in generating adaptive immune responses with the T cell receptor (TCR) 
and peptide–MHC (pMHC) recognition being a critical component. Despite the importance of the TCR-pMHC 
interaction driving the adaptive immune response, little is known about how the TCR-pMHC interaction initiates 
signaling through the ITAMs of the CD3 chains. In this study, we utilized NMR and molecular dynamic simulation 
studies by utilizing allostery model to identify 16 residues of a loop (FG loop) on the TCR β chain that has been 
observed to undergo considerable structural perturbations upon TCR-pMHC binding. This suggests that the FG 
loop residues may be physiologically and functionally relevant for pMHC induced TCR-CD3 complex interactions 
and signal transduction. In order to evaluate the importance of this region on TCR expression and function, we 
have developed a set of 10 specific mutants that are predicted to alter structural perturbations of the loop and 
consequently the TCR β chain.  
Methods: We assessed the TCRβ mutants using two human TCRs, A6 (MHC class I- restricted, Tax specific 
TCR) and MS2-3C8 (MHC class II restricted, MBP specific TCR). We utilized a 293T system and a Nur77-GFP 
Jurkat 76 TCR ̄ ̄ cell line to assess the expression and activation of the TCR mutants.  
Results: We have observed that the glutamic acid at position 220 is a critical residue of the FG loop in dictating 
the structural perturbations with mutations at that position resulting in a 10-40% difference in stimulation 
compared to WT TCR.  
Conclusion: We have developed a system to interrogate residues of the TCR complex that are responsible for 
triggering T cell activation following recognition of cognate pMHC. Through these studies we have shown that 
the FG loop to be critical in mediating TCR signaling through ligand induced conformation changes. 
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Glioma is one of the most lethal forms of cancers and represents approximately 80% of malignant brain tumors 
(1). Of these, the majority of CNS World Health Organization (WHO) grades 2-3 gliomas and a subset of high-
grade gliomas (CNS WHO grade 4) harbor mutated isocitrate dehydrogenase gene 1 (IDH1R132H; mIDH1) 
[2021 WHO Classification of Tumors of the CNS]. Mutant IDH1 exhibits a gain-of-function mutation that further 
reduces α-ketoglutarate (αKG) to the oncometabolite, 2-hydroxyglutarate (2HG). Our lab has recently shown 
that 2HG, from mIDH1 glioma cells, increased the immune-reactivity of tumor-infiltrating immune cells by 
decreasing the immune expression of immune checkpoint ligand, PD-L1 (2), and by promoting non-inhibitory 
myeloid cell reprogramming in lieu of myeloid-derived suppressor cells (MDSCs) (3). A critical pathway that 
mediates reduction of anti-tumor immune cell activity is the adenosinergic pathway, which is comprised of the 
receptors CD39, CD73, and adenosine receptors (ARs). Although mIDH1 has been implicated in altering this 
immune-modulatory pathway, the extent to which the adenosinergic pathway is affected by mIDH1 in gliomas 
and its impact on immune cells’ functions is largely unknown. Here we have examined mIDH1-induced changes 
in the adenosinergic pathway in gliomas. Our results show an overall reduction of the adenosinergic pathway 
molecules in mIDH1 gliomas. This reduction of adenosinergic pathway molecules suggests that the mutation in 
IDH1 mediates reduced adenosine-mediated immune suppression in the tumor microenvironment of mIDH1 
gliomas compared to wildtype IDH1 (wtIDH1) gliomas. Thus, adenosinergic pathway targeting immunotherapies 
may be more effective as wtIDH1 glioma treatments than for mIDH1 glioma types. 
1. Ostrom QT, Bauchet L, Davis FG, Deltour I, Fisher JL, Langer CE, et al. The epidemiology of glioma in adults: 
a "state of the science" review. Neuro Oncol. 2014;16(7):896-913. 
2. Kadiyala P, Carney SV, Gauss JC, Garcia-Fabiani MB, Haase S, Alghamri MS, et al. Inhibition of 2-
Hydroxyglutarate Elicits Metabolic-reprograming and Mutant IDH1 Glioma Immunity in Mice. The Journal of 
Clinical Investigation. 2020. 
3. Alghamri MS, McClellan BL, Avvari RP, Thalla R, Carney S, Hartlage CS, et al. G-CSF secreted by mutant 
IDH1 glioma stem cells abolishes myeloid cell immunosuppression and enhances the efficacy of immunotherapy. 
Sci Adv. 2021;7(40):eabh3243. 



  Poster Only 

Contact: Emily Westemeier-Rice, ew0065@mix.wvu.edu Poster #: 40 

Characterizing The Role of The Y Chromosome-Expressed Long Non-Coding 
RNA Linc-SPRY3 Family In Lung Cancer Radiation Resistance 
 
 
Emily S Westemeier-Rice1, Michael T Winters1, Travis W Rawson1, Ivan Martinez1 
 
1Department of Microbiology, Immunology & Cell Biology, West Virginia University Cancer Institute, School of Medicine, 

West Virginia University 
 
 
Lung cancer is the leading cause of cancer-related deaths worldwide. A major issue facing clinicians and patients 
alike is inherent resistance to radiation therapy. Recently, certain long non-coding RNAs (lnc-RNAs) have been 
shown to regulate pathways involved in resistances to lung cancer treatments. Our group recently published a 
group of long non-coding RNAs, named the linc-SPRY3 family, play an important role in radiation therapy 
sensitivity. These long non-coding RNAs, originating from the Y-Chromosome, have been shown in vitro and in 
vivo to decrease tumor burden after radiation. Some male Non-Small Cell Lung Cancer (NSCLC) cell lines have 
been shown to have complete loss of the Y-chromosome (LOY). In turn, they act more radiation resistant. After 
adding the three individual linc-SPRY3 RNAs artificially into cells, they became more sensitive to radiation and 
had increased apoptosis. Based on this preliminary data, we hypothesize the linc-SPRY3 family interacts with 
important pathways in the cell to increase sensitivity to DNA double strand breaks. Through RNA-Sequencing 
and other preliminary experiments, we found that the linc-SPRY3 family regulates the expression of Cell Division 
Cycle 6 (CDC6) and Cell Division Cycle 25A (CDC25A) genes. Preliminary data suggests these interactions play 
a role in influencing NSCLC ability to invade and metastasize. By selectively over expressing the individual linc-
SPRY3 RNAs through a retroviral vector, we have seen an increase in cell cycle progression and senescence 
induced after radiation. We are currently characterizing this family of linc-RNAs by, in vivo metastasis models, 
and fluorescent in situ hybridization. We will characterize the mechanism of the linc-SPRY3 family in radiation 
resistance through genetic modifications and further downstream analysis via the over-expression and 
knockdown of these linc-RNAs. The characterization of these linc-RNAs will be critical for the development of 
potential diagnostic or therapeutic therapies. 
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Sex differences in the incidence and mortality rates of head and neck squamous cell carcinoma (HNSCC) exist. 
In West Virginia, the annual incidence of oral/pharyngeal cancer is 20.1%:7% (male-to-female); mortality trends 
similarly. Potent anti-tumor immune responses play a role in inhibiting HNSCC. However, it is not known if sex-
specific differences in anti-tumor immunity differentially influence tumor onset and progression. To investigate 
this potential, anti-tumor responses were evaluated in two distinct murine HPV-negative HNSCC models. 
HNSCC was spontaneously induced in male and female four-core genotype (FCG) mice via exposure to the 
chemical carcinogen 4-nitroquinoline-N-oxide (4-NQO; 100ug/mL drinking water for 8 weeks). Tumor size, 
histology, and splenic immune cell populations (flow cytometry) were assessed at 25 weeks. Additionally, 
cervical draining lymph nodes were collected for future gene expression analysis. In a second model, FCG mice 
were orthotopically injected (tongue) with a syngeneic murine oral squamous cell carcinoma cell line (MOC1). 
Assessment of tumor infiltrating lymphocytes and cervical draining lymph node populations were performed 39 
days post-tumor cell injection. In both models, tumor growth was sex-dependent. 4-NQO-exposed males 
developed tumors earlier, with higher incidence and of greater size in comparison to females. Corresponding to 
stronger anti-tumor responses, spleen weights and the percentages of CD4+ and CD8+ splenic T cells were 
increased in 4-NQO-exposed females vs. males. Similarly, higher percentages of CD4+ and CD8+ T cells were 
noted in tumor infiltrates and cervical draining lymph nodes of MOC1 tumor-burdened females. In contrast, higher 
percentages of tumor infiltrating CD11b+ myeloid cells were identified in male MOC1 tumors. Future studies will 
more thoroughly evaluate the mechanistic role of these immune cells in HNSCC anti-tumor immunity and 
delineate individual and combined influences of sex hormones and sex chromosome complements in regulating 
their activity. Such studies will provide insight into their role in disease susceptibility and immunotherapeutic 
efficacy. 
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Pancreatic ductal adenocarcinoma (PDAC) is one of the most immunotherapy-resistant cancers; less than 1% 
of PDAC patients respond to immune checkpoint blockers. In PDAC, the 5-year survival rate is 11% and the 
disease is projected to become the second leading cause of cancer deaths after lung cancer. Prostaglandin E2 
(PGE2), a putative immunosuppressive molecule, is upregulated in human and mouse PDAC. Here we 
investigate the effects of disruption of tumor cell PGE2 signaling through its cognate receptor EP4 on the tumor 
microenvironment (TME). Genomic deletion of EP4 in YFP+ PDAC cell line (EP4 KO) resulted in an almost 
universal rejection of tumors in wild-type (WT) mice (p<0.0055). This rejection was T cell-dependent as tumor 
growth was restored in T cell-depleted hosts (p<0.0001). While EP4 KO tumor cells failed to grow in WT or EP4 
KO hosts, the control, EP4 sufficient, tumor cells grew, albeit at a suppressed rate, in hosts that lacked EP4 in 
the tumor TME. Control and EP4 KO tumors implanted into WT hosts were analyzed by flow cytometry on day 
10 post-implantation. The absence of tumor cell EP4 signaling increased tumor CD8+ T cell infiltration (p=0.043) 
and the expression of CD62L on activated CD4+ and CD8+ (p=0.02, both). At the same time, the proportions of 
CD39+ and PD-1+ T cells were significantly decreased in CD8+ and CD4+ compartments, respectively, with a 
concomitant decrease in MDSC population (p=0.05). In addition, EP4 KO tumors had significantly higher 
proportions of YFP+ phagocytic macrophages (p<0.0001). RNAseq analysis confirmed immune response 
activation in EP4 KO tumors as TNFa, IFNa, and IFNg pathways were top-upregulated ones compared to the 
controls. Adenosine synthesis enzymes were consistently and significantly downregulated in EP4 KO tumor cells 
both by RNAseq and flow cytometry. Moreover, ex vivo measurements of adenosine in tumor supernatants 
indicated decreased production of this immunosuppressive molecule in EP4 KO tumors (p<0.0039). These data 
indicate that tumor cell EP4 signaling may contribute to the cold, immunosuppressive TME in PDAC through an 
increase in adenosine production by tumor cells. While pharmacological inhibition of EP4 alone did not suppress 
the implanted tumor growth, combination with immunotherapy induced complete tumor regressions. These 
findings reveal opportunities for the development of novel treatment options exploiting EP4 receptor signaling to 
mediate tumor rejection in PDAC patients. 
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Immune checkpoint receptors (ICRs) regulate T cell-mediated immune responses to self - and neo-antigens, 
thereby play an important role in the development of autoimmunity and immune responses to infections. In 
cancer, ICRs such as PD-1 and CTLA4 impair immuno-surveillance against neoplastic cells, while other 
costimulatory molecules like ICOS, OX40 could augment the immune responses. Immunotherapy that targets 
either inhibitory or costimulatory immune checkpoint have become the breakthrough therapy for cancer 
treatment. However, the efficacy of this class of therapy is limited to a fraction of patients, pointing the need to 
overcome non-redundant immuno-inhibitory pathways or discover new immuno-costimulatory pathways. This 
study identified the expression of Leucine-rich repeats and immunoglobulin-like domains protein 1 (LRIG1) in 
CD4+ and CD8+ T cells. LRIG1 is a type-I transmembrane protein with 1092 amino acids (120 kD) and ubiquitous 
tissue expression patterns. We show that LRIG1 expression is not detectable on naïve CD4+ and CD8+ murine 
T cells but is induced upon T cell receptor (TCR) stimulation in vitro, and in tumor infiltrating lymphocytes (TILs) 
from multiple murine models. We also detected LRIG1 expression on a subset of CD4+ and CD8+ TILs in 
different type of cancer patients such as non-small-cell lung cancer, breast cancer, melanoma, B cell lymphoma. 
LRIG1 was originally identified as a tumor suppressor gene and a regulator of stem cell quiescence in a variety 
of tissues, but its expression and its role have never been explored in the context of immune cells. Our data 
suggest that LRIG1 is highly expressed in TILs in various type of tumors and might play a role in controlling 
antitumor response, therefore further studies are required 
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Development of CD11b diabody as novel tracers to allow for early detection of brain tumor immunotherapy 
efficacy 
Bo Li, Sarah Vincze, Ambika Parmar Jaswal, Chaim Sneiderman, Peggy Birikorang, W Barry Edwards, Gary 
Kohanbash 
Objective: To investigate the potential of CD11b diabody as a radio tracer candidate which is expected to 
specifically monitor tumor associated myeloid cells in glioblastoma. The activity of tumor associated myeloid 
cells in glioblastoma is closely related to immunotherapy efficacy. 
Background: Glioblastoma (GBM) is one most deadly disease to people of all ages. 15 months is the average 
survival time for patients. Current treatments for GBM mostly result unsuccessfully. Immunotherapy shows a 
good potential to effective strategy for Glioblastoma. However, due the interference of tumor associated myeloid 
cells, immunotherapy does not always have good performance. There’s an unmet need to develop a rapid 
diagnosis tool to monitor the activity of tumor associated myeloid cells in glioblastoma. 
Design/methods: CD11b kappa diabody was used to conjugate with a novel chelator, CB1K1P, via “click” 
reaction. The resulting conjugate is investigated in vivo/vitro as a radiotracer of Cu64. 
Results: This immune active radiotracer quantitively visualizes the activity of tumor associated myeloid cells at 
tumor tissue in the brains of mice. Compared to conventional IgG based Immuno-PET imaging, this radiotracer 
responses in shorter time but still be with sounding SUV and BioD result. 
Conclusion: The CD11b diabody-chelator conjugate presents great potential as a rapid diagnosis tool. 
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Chimeric antigen receptor (CAR) T cell therapy is one of the most promising advances in cancer immunotherapy. 
However, its success in treating solid tumors has been limited. Compared with hematological malignancies, solid 
tumors pose unique challenges to treatment, including poor in vivo expansion and persistence, terminal 
differentiation, and dysfunction of CAR T cells in the immunosuppressive tumor microenvironment. One 
approach to enhancing antitumor immunity in solid tumors is to equip CAR T cells with synthetic cytokine 
receptors to activate signaling pathways that can reprogram T cell function. We have engineered CAR T cells 
targeting the tumor antigen mesothelin to express interleukin-9 receptor (IL-9R), enabling responsiveness to IL-
9 cytokine signaling. IL-9R is expressed on various immune cells, but its role in T cells in the context of adoptive 
cell therapy is a gap in knowledge in the field. IL9R-expressing CAR T cells (CAR-IL9R T cells), provided with 
an IL-9 signal displayed a unique STAT signaling profile, a shift towards a stem cell-like memory T cell 
phenotype, and improved effector function in vitro compared with control CAR T cells. To evaluate how this 
synthetic signaling impacts CAR T cell therapy, we established a syngeneic flank tumor model using 
immunocompetent C57BL/6 mice. Mice were implanted with PDA7940b, a murine pancreatic ductal 
adenocarcinoma (PDA) cell line derived from KPC (KrasLSL.G12D/+p53R172H/+) mice. After one week, mice 
were treated with a replication-deficient adenovirus encoding murine IL-9 (Ad-mIL-9) by intratumoral injection, 
followed by CAR-IL9R T cells by IV injection. Control groups included mice treated with CAR-IL9R T cells alone, 
CAR T cells alone, or Ad-IL9 alone. Tumors and spleens were collected and analyzed by flow cytometry. Tumor 
progression was significantly reduced in mice treated with CAR-IL9R + Ad-mIL9 compared with CAR T cells 
alone. Higher numbers of CAR T cells were detected in tumors and spleens harvested from mice in the CAR-
IL9R + Ad-mIL9-treated group compared with control groups. In summary, CAR T cells provided with an IL-9 
signal display a unique T cell phenotype combining the beneficial functional characteristics of stem cell-like 
memory and effector T cells, leading to enhanced in vivo antitumor activity in an immunotherapy-resistant model 
of PDA. Future studies will aim to understand the mechanism underlying the gain-of-function of IL-9-signaling 
CAR T cells. 
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Background: Systemic administration of interleukin (IL)-12, an immunostimulatory cytokine, has been shown to 
induce anti-tumor immune responses in preclinical cancer models. While these data were promising, clinical 
trials using bolus IL-12 injection for treatment of solid tumors reported limited therapeutic efficacy and numerous 
unwanted side effects. Importantly, clinical trial failures were likely due to the utilization of maximum tolerable 
dosing (MTD) strategies (previously developed for cytotoxic chemotherapies) as opposed to “optimal biologic” 
dosing. To address these clinical barriers, our group successfully developed IL-12-loaded PLGA nanospheres 
(IL12ns) that release their contents systemically in a slow, controlled manner. An immune diagnostic platform 
(IDP) capable of monitoring therapeutic response throughout IL12ns therapy has also been developed but 
requires preclinical validation in a murine model. 
Methods: The systemic immune responses from MTD and IL12ns dosing strategies were analyzed via serial 
blood collection in healthy mice. At each sampling timepoint, peripheral blood was analyzed with an IDP 
consisting of peripheral blood mononuclear cell (PBMC) spectral flow cytometric analysis, plasma 
cytokine/chemokine analysis, and bulk PBMC RNA sequencing. At euthanasia, peripheral blood was collected 
by cardiac puncture followed by necropsy for histopathological analysis of various organs. 
Results: PBMC flow cytometric analysis revealed that the MTD was associated with an increase in percent (%) 
PD-L1+ neutrophils as well as % PD-L1+, CD66b+, CD80+, and MHC-II+ PMN-MDSCs. Cytokine analysis 
reported that IFN-𝛾𝛾 levels were increased upon initial stimulation within the MTD group. However, this increase 
was not sustained, evidenced by an over 4-fold decrease in IFN-𝛾𝛾 levels by euthanasia. Importantly, the 10 mg 
IL12ns group maintained its peak IFN-𝛾𝛾, CXCL9, and CXCL10 levels with repeated dosing. Bulk PBMC RNAseq 
analysis revealed aberrant peripheral immunostimulation with bolus MTD delivery, as evidenced by increased 
expression of IL-12, IL10, and IFNG reactome signatures within peripheral immune cells. 
Conclusion: The immunoprotective effects of IL12ns were supported by increases in plasma 
cytokines/chemokines without the associated transcriptomic signatures in peripheral immune cells. These data 
ultimately support the necessity of a vector system for safe and effective immunostimulatory cytokine therapy. 
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Background: While Immune Checkpoint Inhibitors (ICI) are widely used for treatment (tx) of patients (pts) with 
metastatic urothelial carcinoma (mUC), response rates are only around 20%. There is an unmet need to develop 
biomarkers of response and resistance to avoid unnecessary treatment in the majority of pts who will not respond 
to ICI, to spare toxicity from ICI and mitigate financial burden. Here we report tumor immune-genomic 
characteristics associated with response to ICI in a cohort of mUC pts at the Cleveland Clinic. 
Methods: We selected 58 mUC pts who received at least 2 cycles of ICI (atezolizumab or pembrolizumab) 
between 2015-2020 with pre-tx archival fresh frozen paraffin-embedded (FFPE) tissues available. Pts were 
categorized by their response to ICI as Responders (Complete Response, Partial Response, and Stable 
Disease) (N = 30) or Non-Responders (Progressive Disease) (N = 28). Tumor was macrodissected from 2-5 
FFPE slides guided by an H&E stained section of tumor. RNA extraction was done using Qiagen Rneasy FFPE 
kit. 100ng of RNA was used for transcriptomic analysis using the 770-gene Nanostring PanCancer IO 360 panel.  
Results: Differential expression analysis of gene signatures in responders (R) vs non-responders (NR) displayed 
upregulation of Immunoproteasome (log fold change (FC) = 0.5815, p = 0.00576), Antigen presenting machinery 
(APM) (logFC = 0.6115, p = 0.00698), IFN Gamma (logFC = 0.9146, p=0.01257), PD-L1 (logFC = 0.6674, p = 
0.03147), and IFN downstream (logFC = 0.5233, p = 0.01297). Additionally, the tumor inflammation signature 
(TIS), which is trained to predict response to anti-PD1 therapy, was upregulated in R vs NR (logFC = 0.6593, p 
= 0.0299). Receiver operator characteristic (ROC) analysis to assess capacity of gene signatures to predict 
response identified TIS (area-under the curve (AUC) = 0.668), APM (AUC = 0.724), IFN Gamma (AUC = 0.677), 
IFN Downstream (AUC = 0.688), and Immunoproteasome (AUC = 0.713). In our cohort, the median overall 
survival for R was 44.1 months compared 24.5 months in NR (p = 0.0100). 
Conclusion: In our cohort of ICI treated mUC pts, we found an association between signatures of tumor 
immunogenicity (APM and Immunoproteosome) and anti-tumor immune activity (IFN Gamma, IFN Downstream, 
TIS) with response to therapy. Ongoing genomic and immunologic correlative studies in our cohort to further 
investigate comprehensive biomarkers of response and resistance to ICI in pts with mUC are underway. 
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Pancreatic ductal adenocarcinoma (PDAC), the 3rd leading cause of cancer death in the United States, is a 
lethal disease with an overall survival rate of less than 10%. Treatments like chemotherapy and immunotherapy 
have been rendered ineffective for PDAC due to the strong immunosuppressive tumor microenvironment in 
which tumor associated neutrophils (TANs) are a major component. The immunosuppressive function of TANs 
has been shown to depend upon increased production of reactive oxygen species (ROS). Myeloperoxidase 
(MPO), a myeloid lineage restricted enzyme, is a major source of ROS in TANs. We evaluated the contribution 
of MPO in mediating TAN immunosuppression and immune checkpoint therapy (ICT) response. 
Immunohistochemical analysis using human tissue microarrays demonstrated a significant increase in MPO 
expression in PDAC samples compared to healthy pancreas tissues. This suggests that MPO could serve as a 
potential therapeutic target against PDAC. We studied PDAC tumor growth and ICT response in 8-week-old 
C57BL/6 wildtype (WT) and syngeneic MPO-deficient (MPO-/-) mice using a subcutaneous model of a pancreatic 
cancer cell lines derived from primary tumors of a spontaneous PDAC transgenic mouse model, KPC, that have 
mutations in the KRAS gene and P53 gene. There was no significant difference in PDAC growth or survival of 
MPO-/- mice compared to WT. However, ICT treatment (anti-PD1 and ant-CTLA4) demonstrated a significant 
increase in the survival time and delayed tumor growth in PDAC-bearing ICT treated MPO-/- mice. Similar results 
were observed when PDAC-bearing WT mice were treated with ICT and MPO inhibitors. Flow cytometry data of 
tumor showed that there was an increase in CD4 T cells, CD8 T cells, and NK cells when MPO was present, but 
no significant difference was found in the myeloid cell subsets. Intravital imaging using skin window chamber 
showed higher production of ROS in WT mice compared to MPO-/- mice as expected using L012 and luminol 
reporters. While we observed an increase in neutrophils in tumor microenvironment in presence of MPO, an 
increase in dendritic cells was observed when MPO was deficient. This study demonstrates the contribution of 
MPO in regulating ICT response in subcutaneous PDAC model and its effect on immune cell composition in 
tumor microenvironment. 
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The incidence of melanoma has continued to increase over the past few decades where the risk of melanoma 
increases as people age. While age-dependent variances in adaptive immune cells within the tumor 
microenvironment showed increased regulatory T cell infiltration in young mice compared to old, the contribution 
of an aging innate immune system is incompletely understood. One of the hallmarks of aging is an increase in 
systemic low-grade chronic inflammation, which involves the recruitment of myeloid-derived suppressor cells 
(MDSCs), a group of immature myeloid cells that are potent suppressor of effector T cells through mechanisms 
such as secretion of arginase 1 and reactive oxygen species (ROS) production. Myeloperoxidase, a myeloid-
lineage restricted enzyme, is a major source of ROS and has been shown to be upregulated in MDSCs. 
Accumulation of MDSCs has been shown to support melanoma progression and correlate with poor patient 
outcome. The main goal of this research is to understand the age-dependent changes in myeloperoxidase in 
MDSCs that mediate immunosuppression in melanoma. Initial studies used primary subcutaneous tumor models 
of YUMM1.G1 and B16F10 melanoma cell lines to compare tumor growth, microenvironment and MDSC function 
between adult 6-month-old and young 2-month-old wild type mice. Adult mice demonstrated significantly faster 
tumor growth compared to young wild type mice. Evaluation of the tumor-immune composition using 
multispectral flow cytometry demonstrated a significant increase in Ly6G+ cells (a MDSC marker) in the tumor 
microenvironment in adults compared to the young mice. The suppressive activity of splenic and tumor isolated 
MDSCs from tumor-bearing mice on the proliferation of CD8+ T cells demonstrated enhanced suppressive 
activity from MDSCs isolated from adult compared to young mice. MDSCs isolated from tumor-bearing adult 
mice also demonstrated an increase in ROS levels and myeloperoxidase activity quantified using the 
bioluminescent reporters, L-012 and luminol. Preliminary studies using a lung colonization model of melanoma 
demonstrated a significant increase in lung tumor burden and myeloperoxidase activity in adult compared to 
young male mice. These studies suggest that MDSCs have increased immunosuppression, MPO activity, and 
ROS production with age that may contribute to increased melanoma progression. 



  Poster Only 

Contact: Alicia Aguilar, axa1059@case.edu Poster #: 50 

Piezo1 deficient T cells show decreased effector memory maintenance during 
inflammatory mouse models 
 
 
Alicia Aguilar1, Sung Hee Choi2, Jay T. Myers2, Daniel Kingsley1, Alex Y. Huang1,2 
 
1Department of Pathology, Case Western Reserve University School of Medicine, Cleveland, OH, 44106, U.S.A 
2Department of Pediatrics, Case Western Reserve University School of Medicine, Cleveland, OH, 44106, U.S.A 
 
 
To mount a successful immune response, T cells must successfully (1) migrate from the bloodstream into 
secondary lymphoid organs (naïve) or inflamed tissue (effector), and (2) form an effective immunological 
synapse for activation. Although the molecular interactions of these processes have been well described, the 
emergence of novel biophysical approaches has revealed that both critical processes require mechanosensing. 
Previously we have demonstrated that the mechanosensitive cation channel, Piezo1, forms a complex with 
activated integrin LFA-1, an important regulator of T cell migration and T cell receptor-triggered T cell activation. 
Therefore, we hypothesized that Piezo1 deficiency in T cells would diminish T cell activation and homing. To 
investigate Piezo1’s role on T cell function, we have generated T cell-specific Piezo1 knockout mice (P1cKO) by 
crossing Piezo1-floxed mice to CD4-Cre mice. Initial studies in vitro showed that under polarizing conditions 
P1cKO T cells produce more Th1 and Th17 inflammatory cytokines. However, when challenged with 
experimental autoimmune encephalomyelitis (EAE) and Graft vs Host Disease (GVHD), P1cKO mice showed a 
significant decrease in disease phenotype. Moreover, adoptive transfer mouse models of EAE show that 
activated P1cKO T cell transfer fails to establish disease phenotype. Upon further investigation, we found similar 
numbers of P1cKO T cells at sites of inflammation early in disease, but there was a decreased maintenance 
throughout disease progression. Interestingly, P1cKO T cells show signs of increased activation and proliferation 
upon stimulation, but production of effector and central memory P1cKO T cells. Taken together, our data 
suggests that Piezo1 plays an important role in the development and maintenance of T cell memory pools, while 
potentially contributing to T cell activation and migration. 
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Translational Immuno-Oncology Shared Resource (TIOSR) at Roswell Park CCC consists of three units covering 
a wide area of resources for translational and clinical studies of biologic cancer therapeutics. The Therapeutic 
Cell Production Facility (TCPF) is a FACT-accredited cGMP facility with many years of experience in 
manufacturing clinical-grade cellular products of various types such as CAR T cells, hematopoietic progenitor 
cells or dendritic cells. The Vector Development and Production Facility (VDPF) is a second cGMP unit equipped 
for manufacturing clinical-grade vectors from nonadherent and adherent cell cultures that allow for genetic 
engineering of a patient’s cells, boosting their ability to efficiently fight cancer. We have capabilities and/or 
extensive experience in production of clinical grade recombinant lentiviruses, retroviruses, and oncolytic viruses 
for early phase clinical trials in human patients with cancer and other diseases. The Immune Analysis Facility 
(IAF) is responsible for serial monitoring of immunologic functions in the blood and tumor microenvironment of 
patients with cancer, those who are treated with immunotherapeutic and biologic therapies, and those who 
participate in clinical trials or research protocols at Roswell Park CCC and other academic and pharma/biotech 
partners. The IAF offers consultations regarding optimal immunologic assessment and assay development for 
innovative approaches to evaluate immune responses. Our research capacities currently support several 
ongoing NCI- or DoD/CDMRP-funded projects, which include clinical trials in melanoma, breast, ovarian and 
colorectal cancers involving collaborators from Roswell Park CCC, University of Pittsburgh, Moffitt Cancer Center 
and Mt. Sinai School of Medicine, as well as several biotech and pharma partners. 
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CAR-T cell therapy has demonstrated remarkable success in hematological malignancies but displays limited 
efficacy in solid tumors, which comprise most cancer cases. Recent studies have highlighted that CAR-T cell 
failure via exhaustion is characterized by a hypofunctional inflammatory profile displaying reduced cytotoxicity, 
proliferation, and Th1 cytokine production, leading to reduced antitumor functionality. To address this, emerging 
work has highlighted the benefit of knocking out negative immune regulators, notably T cell inflammatory 
response regulators such as Regnase-1, which was also previously identified as a top hit in an in vivo CRISPR 
screen selecting for in vivo T cell accumulation. Given the important roles of these regulators in restraining 
inflammatory responses, we sought to characterize the effects of knocking out these regulators in human T cells 
engineered with clinical-stage immune receptors directed toward solid tumors. Specifically, we hypothesized that 
additional disruption of the similar but non-redundant immune regulator Roquin-1 would further enhance the 
inflammatory profile of engineered T cells and increase antitumor function than knockout of either regulator 
alone. CRISPR-Cas9-mediated knockout of Regnase-1 and Roquin-1 individually and together in mesothelin-
specific CAR-T cells and NY-ESO-1-specific TCR-T cells revealed that simultaneous disruption of both genes 
enhanced baseline activation, increased cytokine and co-stimulatory receptor activity, and enhanced tumor 
control in vivo more than either knockout individually, with Regnase-1 knockout being the major driver of the 
double knockout phenotype. These results posit that targeting inflammatory regulators could be a promising 
strategy for enhancing the function of engineered T cells against solid tumors. 
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Neurofibromatosis Type 2 (NF2) is a nervous system disease caused by mutations in the NF2 gene with an 
estimated incidence of 1 in 33,000 individuals. These mutations can occur de novo or can be inherited in an 
autosomal dominant pattern. The NF2 gene codes for the Moesin-Ezrin-Radixin-Like Protein, better known as 
Merlin. Merlin has a role in a multitude of cell-signaling pathways that regulate cell shape, growth, and 
attachment. Considered a tumor suppressor, loss of function of this protein leads to uncontrollable cell growth 
and division resulting in benign tumors both in the peripheral nervous system and central nervous system. These 
tumors have a low metastasis rate, but their formation leads to severe symptoms such as facial paralysis, hearing 
loss, tinnitus, and loss of balance. The current standard of care for those diagnosed with NF2 is surgical 
resection, chemotherapy, and radiation. Life expectancy for those diagnosed with NF2 is around ten years 
shorter than average. Due to the lack of regimens with established efficacy, NF2 patients often try multiple 
treatment methods that may only slow the progression. Additionally, due to tumor locations, surgeries may not 
be feasible, may exacerbate symptoms or cause new ones, and may be delayed until tumors reach a size 
amenable to resection. There is a need for more effective treatments for these patients. 
Having previously identified a role for NF1 in NK cell function (PMID: 29137242), we hypothesized that NF2 
mutations may also have an impact on immune cell development or function. Understanding the impact of these 
mutations on the function of immune cells, specifically Natural Killer (NK) cells, can help to elucidate their role in 
this disease or possible therapeutic interventions. Here, we aim to investigate the impact of Merlin expression in 
NK cells using our CRISPR/Cas9/RNP methodology to generate NF2KO in primary NK cells from healthy donors, 
and then to understand how mutated Merlin (NF2mut) in patients affects the function of NK cells. Our preliminary 
experiments show that NK cells have cytotoxicity against schwannoma cell lines, and that NK cells from an NF2 
patient has reduced cytotoxicity. We are performing additional phenotype and functional assays on NF2KO and 
NK2mut NK cells to provide insight into the role of the NK cells in NF2 disease progression and treatment. 
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Introduction: Pancreatic Adenocarcinoma (PDAC) is an aggressive disease with a 5-year survival of 12%. This 
poor prognosis is due to minimal response to current chemotherapy regimens. PDAC is an immunologically cold 
tumor that responds poorly to immunotherapy. Identifying new targets and therapeutic combinations to enhance 
response to immunotherapy is a critical goal. One target of interest is neutrophil extracellular traps (NETs). NETs 
occur when neutrophils are activated to release their decondensed chromatin in a web like structure. They are 
elevated in PDAC and associated with worse prognosis, hypercoagulability, metastasis, and cancer-associated 
fibroblast activation. Given the expansive role for NETs in the pathogenesis of PDAC, we set out to determine 
how NETs influence the T cell response to PDAC and the potential for using NET inhibition combined with 
immunotherapy as a novel treatment strategy. 
Methods: An orthotopic model of PDAC was studied in which murine Panc02 cells are injected into the tail of the 
pancreas in C57BJ6 mice (WT or PAD4KO). Mice were treated with either PBS control, DNase (5mg/kg), anti-
PD1 (xx), or IgG isotype control (XX). Tumors and serum were collected at euthanasia. The circulating NET 
marker, cell-free DNA, was measured in the serum using QuanTit Pico Green. Plasma cytokines were measured 
using Biolegend ELISA. Survival was calculated using humane endpoints with Kaplan-Meier analysis. 
Results: Removal of NETs from the PDAC TME (PAD4KO or DNase treated), reduced tumor growth compared 
to controls. We also observed reduced circulating and intra-tumoral NETs in the PAD4KO and DNase treated 
mice. Inflammatory cytokines are increased in the circulation of NET deficient mice, including IFN-gamma and 
IL-2. When combining NET deficiency with anti-PD1 therapy, there is a greater reduction in tumor size and 
increased survival compared to controls. To evaluate the clinical relevance of this therapeutic strategy, NET 
inhibition was started in established tumors at the same time at the anti-PD1 therapy. Similar results were 
confirmed, with greatly reduced tumor size and increased survival compared to PBS treated isotype controls. 
Conclusion: NETs influence the T cell response to PDAC. Furthers studies are needed to understand how NETs 
influence CD8 T cell infiltration and function in the PDAC TME mechanistically. These findings support the 
combination therapy of immune checkpoint blockade and NET inhibition in patients with PDAC. 
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Background: The 5-year survival rate for pancreatic adenocarcinoma (PDAC) is 9%. The only known curative 
treatment for PDAC is surgical resection, but only 20% of patients are eligible at the time of presentation. Thus, 
we desperately need to improve therapeutic options for patients. While many studies in cancer have focused on 
activating the adaptive immune system, the role of the innate immune system is understudied. Importantly in 
PDAC, neutrophils and monocytes/macrophages are concomitantly elevated and have a negative impact on 
patient overall survival. Specifically, neutrophil extracellular traps (NETs), in which neutrophils release 
decondensed chromatin, are important for driving the aggressiveness of PDAC. Despite NETs and 
monocytes/macrophages coexisting in the PDAC tumor, the interactions between these innate immune cell types 
have not been studied. Here, we explore how NETs influence infiltration of monocytes into the PDAC tumor.  
Methods: Tumor tissue and plasma from patients with PDAC were measured for NET and monocyte markers, 
and monocyte chemokines. In an orthotopic murine model of PDAC, DNase was used to degrade NETs. CCL2 
and monocytes were measured in circulation by ELISA and flow cytometry, respectively. Macrophage markers 
F4/80, CD80, and CD206 were measured in tumors by immunofluorescent immunohistochemistry.  
Results: NET marker cell-free DNA and monocyte chemokine CCL2 are elevated in the plasma of patients with 
PDAC compared to non-cancerous pancreatic pathologies. NET marker CitH3 and monocyte marker CD14 are 
elevated in PDAC tumor tissues compared to non-cancerous pancreatic tissues. In our orthotopic model of 
PDAC, DNase treatment increases CCL2 (195.3pg/mL vs 130.5pg/mL, p=0.007). Inflammatory monocytes are 
increased in circulation in the DNase treated group (10.1% vs 6.8%, p=0.03) but CCR2+ monocytes are 
decreased with DNase treatment (72.3% vs 86.4%, p=0.04) suggesting recruitment into tissue. Removal of NETs 
increases F4/80 positive staining (0.29% vs 0.18%, p=0.04) and CD80 positive staining (0.07% vs 0.04%, 
p=0.0016) but decreases the M2 like macrophage marker CD206 (0.06% vs 0.11%, p=0.01) in the tumor.  
Conclusion: These data suggest NETs suppress CCL2 release in PDAC and suppress recruitment of pro-
inflammatory monocytes/macrophages into the tumor. These findings support NETs as a therapeutic target to 
mobilize pro-inflammatory monocytes into the PDAC tumor microenvironment. 
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Background: Obesity and physical inactivity increase breast cancer risk, while the prevention of weight gain by 
energy restriction (ER) and physical activity (PA) can be protective. Numerous biological mechanism(s) have 
been proposed to explain the beneficial effects of ER and PA; however, few studies have examined the immune 
response to energy balance changes in the tumor microenvironment (TME). We have previously shown that a 
combination of mild energy restriction (10% of total calories) and physical activity, significantly reduces mammary 
tumor growth and metastases in the 4T1.2luc murine mammary tumor model compared to sedentary, ad libitum 
(SED+AL) fed mice. 
Methods: Female BALB/c mice were randomized into two groups: sedentary, ad libitum fed or mild energy 
restricted (10% of total calories) and physically active, achieved via access to voluntary running wheels. After 8 
weeks on the interventions, mice were orthotopically injected with 5x104 4T1.2 cells into the fourth mammary fat 
pad and continued on their intervention for 35 days. At sacrifice, tumors were homogenized and assessed for 
immune cell infiltration and T cell function. 
Results: The percentage of tumor-infiltrating PD-L1+ (p=0.023), indolamine 2,3-diooxygenase, IDO+ (p=0.043) 
and PD-L1+/IDO+ (p=0.046) myeloid derived suppressor cells (CD11b+/Gr-1+) was lower in mice in the ER + 
PA compared to SED + AL group. T cells in the TME from ER + PA compared to SED + AL mice demonstrated 
significantly greater IFN-gamma production compared to SED+ AL group (two-way ANOVA, E:T ratio x 
treatment, F(5,125)=4.368, p=0.001). 
Conclusions: These findings suggest that combination of energy restriction and physical activity reduce primary 
tumor growth and delay metastatic progression concurrently with a reduction in immune suppression and 
enhanced T cell effector function in the TME. 
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Osteosarcoma is an aggressive solid tumor and about 20% of patients present with lung metastasis at the time 
of diagnosis. Pulmonary metastatic osteosarcoma has a low 5-year survival rate of less than 20%. The ability for 
osteosarcoma to metastasize to the lungs is due, in part, by the expression of Vascular Cell Adhesion Molecule 
1 (VCAM1) on its surface. However, it is not well-known how this molecule leads to tumor metastasis. We 
speculate that the binding interaction between tumoral VCAM1 and its binding partner, integrin α4β1 (VLA4), on 
macrophages has some role in this process. Recently, our lab has generated preliminary data suggesting that 
one way the TME shapes macrophages into a pro-tumor phenotype is through the interaction between VCAM1 
either on tumor cell surface or by tumor secreted soluble VCAM1 (sVCAM1) and the VLA4 integrin on 
macrophages. The data has shown that this interaction upregulates expression of the enzyme Arginase 1 (Arg1) 
that is a well-accepted marker of M2-polarized macrophages. We are currently investigating whether this 
phenomenon is a result of one or both of the different isoforms of VCAM1. Our theory is supported by the active 
clinical trial, NCT03811886, at University Hospitals in which the specific inhibitor of VLA4, Natalizumab, is being 
used to treat pulmonary metastatic osteosarcoma in children, adolescents, and young adults. We speculate that 
the inhibition of macrophage polarization may be regulated by the protein suppressor of cytokine signaling 1 
(SOCS1) as it inhibits the phosphorylation of the transcription factor signal transducer and activator of 
transcription 1 (STAT1); thus, allowing STAT3 to phosphorylate and upregulate M2- associated genes such as 
Arg1. SOCS1 is also known to regulate signaling leading to phosphorylation of STAT6 and phosphoinositide 3-
kinase (PI3K). Both of which lead to the expression of Arg1. We plan to evaluate this hypothesis by looking at 
expression of these genes on bone marrow derived macrophages (BMDMs) that have been influenced by the 
murine osteosarcoma cell lines K7M2 and mOS 493. Through these efforts, we expect to elucidate one of the 
many mechanisms that various cancers use to polarize macrophages into a pro-tumoral state. This may allow 
for new drugs and treatments to be developed for cancer therapy. Preventing the interaction of VCAM1-VLA4 
may help us to shift the balance between pro-tumor and anti-tumor effects from macrophages. 
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The presence of functional effector T cells in the tumor microenvironment (TME) is critical for successful anti-
tumor responses and is a strong prognostic factor in cancer. T-cell anti-tumor function is dependent on their 
ability to differentiate from a naïve state, infiltrate into the tumor site, and exert cytotoxic functions. The factors 
dictating whether a particular T cell can successfully undergo these processes during tumor challenge are not 
completely understood. Piezo1 is a mechanosensitive cation channel with high expression on CD4+ and CD8+ 
T cells. Previous studies have demonstrated that Piezo1 optimizes T cell activation in vitro and restrains the 
CD4+ regulatory T cell (Treg) pool. However, little is known about the role of CD4+ and CD8+ T cell Piezo1 
during tumor challenge. We hypothesized that disruption of T cell Piezo1 impairs anti-tumor immunity in vivo by 
hindering inflammatory T cell responses. We generated mice with T cell specific Piezo1 deletion (P1KO) and 
challenged them using tumor models characterized by T cell mediated rejection. P1KO mice had the most 
aggressive tumors, with higher growth rates and unresponsiveness to immune-mediated therapeutic 
interventions. We observed a decreased CD4:CD8 ratio in the secondary lymphoid organs of P1ko mice that 
correlated inversely with tumor size. CD8+ T cells lacking Piezo1 demonstrate less IFNg and GZMB production 
as well as decreased antigen-specific cytotoxicity. The deficits in CTL activity are compounded by poor CD4+ 
helper T cell responses. Together, these results suggest Piezo1 as a critical contributor influencing the outcome 
of T cell priming during tumor burden. 
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Brain tumors have a limited number of known tumor antigens to specifically target by immunotherapy. 
Preferentially expressed antigen in melanoma (PRAME) is a well-established cancer testis antigen not 
expressed on healthy tissue, except for limited expression in ovaries, adrenals, and endometrium. Multiple 
cellular and vaccine immunotherapy approaches have focused on targeting PRAME. PRAME is expressed on 
many non-central nervous systems (CNS) tumors including melanoma, cervical cancer, hematologic 
malignancies and thought to play a role in their biology. Within the CNS PRAME expression has been reported 
to be expressed on >80% of medulloblastomas, and PRAME expressing medulloblastoma cells were susceptible 
to being killed by PRAME specific genetically modified T-cells. Given the encouraging development of 
immunotherapies targeting PRAME, we evaluated PRAME expression on a limited set of pediatric brain tumor 
tissues by immunofluorescence staining. Our initial data show the presence of PRAME on tissue sections from 
an ependymoma, medulloblastoma, and meningioma tumor. Given this expression on multiple brain tumor types 
we then performed staining of PRAME on two tumor microarray (TMA) sections containing 216 cores total, 
representing 15 primary brain tumor types and normal brain tissues. Ongoing analysis identified expression of 
PRAME on some tumor cores. Furthermore, assessment of PRAME mRNA expression on tumor tissues from 
pediatric brain tumors demonstrated high mRNA levels of PRAME in 8% and 16% of total cases at z-score >2 
and >1, respectively. Interestingly, the PRAME expression frequencies appeared to be highest on the more 
aggressive brain tumor types (DIPG, ATRT, high-grade gliomas etc.). Overall, our data support that PRAME-
targeted immunotherapies may be useful for multiple brain tumor types. 
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Pancreatic ductal adenocarcinoma (PDAC) features a fibrotic stroma that obstructs immune infiltration. Our 
group investigates methods to improve immunotherapy in PDAC by manipulating the stroma and immune 
microenvironment. We hypothesize that dysregulated CD26/DPP4 enzymatic activity in PDAC constrains 
efficacy of immunotherapy. We also posit that in vivo pharmacological targeting of CD26 enzyme activity in 
PDAC, via FDA-approved inhibitors for Type 2 Diabetes, influences immune infiltration and enhances response 
to immune checkpoints in murine PDAC models PDAC. 
CD26 protein was evaluated in immortalized CAFs and PDAC cells by immunoblot and flow, while soluble CD26 
was measured in supernatants by ELISA. In vivo studies used immune-competent C57BL/6 mice orthotopically 
implanted with syngeneic luciferase-expressing KPC-tumor cells in the pancreas. Tumors were verified by 
bioluminescence imaging (BLI). Mice were randomized to treatment groups: sitagliptin (75mg/kg in drinking 
water, CD26/DPP4 inhibitor), anti-PD-L1 Ab (200 ug 3x/week), or both for 9 days. Controls received vehicle 
and/or isotype control Ab. BLI monitored tumor growth through the study. Tumors were harvested at endpoint 
and immune infiltration (TIL) and checkpoint expression was evaluated by flow. A resultant study evaluated 
overall survival for PDAC-bearing mice treated (3wks) with STG, anti-PD-L1, and anti-Lag3 (including single, 
double, and triple therapy combinations). 
Transcript analysis revealed CD26 as one of the most highly expressed genes in patient PDAC-derived CAFs 
vs. normal fibroblasts. CD26 protein was observed in both human CAFs (HT137 and h-iPSC-PDAC-1) and PDAC 
cells (HPAC and PANC1) via immunoblot and flow, however, soluble CD26 was only in CAF supernatants. 
Concurrent administration of sitagliptin and anti-PD-L1 Ab limited progression and increased TILs (CD4 & CD8) 
vs. to vehicle, sitagliptin, and anti-PD-L1 Ab alone. TIL from STG/anti-PD-L1 had high Lag-3. Triple therapy 
(STG, anti-PD-L1 Ab, and anti-Lag-3) increased overall survival of PDAC-bearing mice vs. all other groups. 
Our results reveal CD26 enzyme inhibition (STG), augments efficacy of anti-PD-L1 Ab and anti-Lag-3 in PDAC 
tumor-bearing mice. This work identifies immune populations, including T cells, that provide mechanistic insight 
for efficacy. We demonstrate versatility of CD26 inhibition and its capacity to modulate checkpoint molecules 
and efficacy in PDAC. 
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The interactions between non-malignant cells of the tumor microenvironment (TME) and malignant tumor cells, 
have a major influence on glioma behavior and therapy response. ACTA2 is a gene that encodes for α-smooth-
muscle actin, a protein found in perivascular cells and in the TME cancer-associated fibroblast or mesenchymal-
like cells. This protein plays an important role in contractility and oncogenic transformation. However, the role of 
the tumor-associated ACTA-2 mesenchymal cells in gliomas remains elusive. Using genetically engineered 
mouse glioma models we identified that ACTA2 cells were increased within oncostreams, malignant multicellular 
structures present in high-grade gliomas. Moreover, RNASeq analysis comparing oncostreams mesenchymal 
areas with no-oncostreams showed a significant decrease in ACTA2 and COL1A1 gene expression. Using 
human TCGA data we observed a negative correlation between tumor ACTA2 expression and the overall 
survival of glioma patients. Moreover, we identify that ACTA2 mRNA expression was higher in grade IV and in 
recurrent tumors. Within the grade 4 tumors (GBM) we observed a higher expression of ACTA2 in the 
mesenchymal subtype. Moreover, ACTA2 mRNA expression correlates with COL1A1 mRNA expression in 
gliomas. RNA fluorescent multiplex assays (RNAScope) identified, at single cell level, that ACTA2+ cells found 
in the tumor perivascular space have a high expression of COL1A1, PDGFβ, CYR61 and FAP. Inhibition of 
COL1A1 within tumor cells using genetically engineered mouse models decreased areas of mesenchymal 
transformation and the perivascular ACTA2+ cells increasing animal survival. However, using ACTA-2-CRE-
COL1A1-FLOX transgenic mice we observed that the depletion of COL1A1 from the perivascular cells is not 
enough to modify tumor growth and malignancy. Further experiments, using GEMM of glioma with the 
knockdown of ACTA2 from tumors demonstrated a large increase of animal survival. We observed that median 
survival from ACTA2-downregulation was 253 days for NPDS and 329 days for NPAS compared to their 
respectively control groups NPD (MS: 74) and NPA (MS: 68). Further studies that evaluate the molecular 
mechanism of ACTA2 will be necessary to understand its role in glioma malignancy. We propose that ACTA2 
expression is a potential target to reprogram glioma mesenchymal transformation and inhibit tumor progression. 
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Acute lymphoblastic leukemia (ALL) is the most common pediatric malignancy, accounting for over one-quarter 
of all childhood malignancies. Approximately 15% of ALL derive from the T-cell lineage (T-ALL). Patients with 
newly diagnosed T-ALL undergo intensive multidrug combination chemotherapy resulting in many side effects. 
Despite chemotherapy regimens, steroids, and allogeneic transplantation, relapse is the main problem in children 
with T-ALL. Moreover, genetic alterations have been extensively examined in recent years; however, there are 
still currently few prognostic markers of therapy response. Therefore, alternative treatments are needed to treat 
this disease and improve overall survival. 
The cGas-STING (cyclic GMP-AMP synthase - Stimulator of Interferon Genes (cGAS-STING) pathway has 
emerged as a possible target in treatment of cancers, such as urothelial carcinoma and lymphoma, with the aim 
of increasing anti-tumor immunity. Most clinical trials to-date focus on the use of STING agonists in the context 
of solid tumors.Interestingly, the high activation of this pathway in normal T cells can not only lead to IFN-I 
production, but also can induce ER stress and cell death, via the activation of the BH3-family. The status of 
cGAS-STING pathway in T-ALL is largely unknown. We hypothesize that T-acute lymphoblastic leukemia 
displays variable cGAS-STING pathway signaling with defective IFNβ production due to a defect in IRF3 nuclear 
translocation. Our preliminary data shows that even though human T-ALL shows IRF3 phosphorylation, these 
cell lines do not produce IFNβ, after stimulation to STING agonist. Also, some of these cell lines have a 
decreased cGAS expression, and have a decreased rate of apoptosis compared to healthy cells. Our project will 
hopefully lay the foundation for future targeted immunotherapies for treating T-ALL. 
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Blocking the PD-1/PD-L1 pathway is clinically effective in patients with CTL-infiltrated, “hot” tumors, but the 
majority of cancers remain PD-1 resistant. In order to develop effective treatments for patients with “cold”, PD-1 
resistant tumors, we evaluate the efficacy of intratumor administration of non-Ag-pulsed type-1 polarized 
dendritic cells (U-aDC1s) combined with PD-1 blockade. C57BL/6 mice bearing established E0771 advanced 
disseminated tumors in the pleural and peritoneal cavities were locally treated with U-aDC1s, aPD-1, or their 
combinations. Such settings were largely resistant to PD-1 blockade alone (10% cures), and completely resistant 
to i.t. U-aDC1 therapy alone. However, combined i.t. U-aDC1 plus aPD-1 therapy resulted in over 50% cure rate 
in peritoneal E0771 and over 75% cures of the pleural disease. The therapeutic effects were fully abrogated by 
the elimination of CD8+ T cells and in animals lacking BATF3. U-aDC1s secreted high levels of chemokines 
attracting CCR5 and CXCR3 expressing T-cells (CCL5, CXCL9 and CXCL10), and attracted large numbers of 
CTLs to the tumor and peritoneal fluid 5 days post DC infusion as revealed by histology and flow cytometry 
respectively. Important for clinical translation, even single i.t. injection of U-aDC1s, was therapeutically effective. 
Our data indicate the feasibility of converting PD1-reistant “cold tumors” into PD1 responsive ones, by local 
reconstitution of chemokine-producing DCs. 
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Acute myeloid leukemia (AML) is an aggressive blood cancer that originates in the bone marrow, the primary 
site for hematopoiesis. AML targets include leukocytes such as neutrophils and macrophages, inhibiting immune 
function and contributing to the difficulties in developing viable treatment options. The unique hypoxic 
environment of the bone marrow promotes cell stress and autophagy upregulation, allowing AML cells to resist 
chemotherapy. Thus, it seems that a multi-pronged approach is necessary for the effective targeting of AML 
cells.  
As the most abundant amino acid, glutamine is an important metabolite for any human cell, especially in rapidly 
dividing AML. Upon entry into the cell, glutamine is converted into glutamate via glutaminase, allowing 
mitochondrial entry and further metabolism for various uses. Glutamate can be utilized in nonessential amino 
acid synthesis, act as a nitrogen source for purine and pyrimidine synthesis, or even enter the Krebs cycle via 
α-ketoglutarate.  
Previously, we found that inhibition of autophagy and glutaminase had a synergistic effect on AML (MOLM-13) 
cell apoptosis with treatments of 100μM chloroquine (CQN) and 200nM CB-839, respectively. Glutaminase 
inhibition was insignificant on its own, however, suggesting that AML cells could compensate with autophagy 
upregulation. Following this experiment, we were interested in exploring the mechanism by which these drugs 
could synergistically cause AML cell apoptosis. We hypothesized that both reactive oxygen species (ROS) and 
insufficient α-KG levels could contribute to cell death.  
To investigate the role of α-KG, MOLM-13 cells were treated with or without 5mM α-KG alongside 100μM CQN 
and/or 200nM CB-839 for 48 hours. Apoptosis was quantified through a caspase-3/7 assay, with α-KG rescuing 
MOLM-13 survival in 100μM CQN alone and alongside 200nM CB-839. A similar procedure followed, this time 
using 5mM glutathione (GS), a ROS scavenger, instead of 5mM α-KG. GS rescued cells treated with CQN and 
CB-839 separately and in combination, suggesting that ROS does play a role in drug-induced AML (MOLM-13) 
cell death.  
These results demonstrate a critical role for autophagy in maintaining both energy and redox homeostasis after 
glutaminase inhibition, supporting the use of autophagy and glutaminase inhibitors in combination for AML 
therapies. 
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Pancreatic ductal adenocarcinoma is a cancer with low survival rates and currently no immunotherapy options. 
However, many PDAC patient tumors can be heavily infiltrated with T and B cells and these patients have 
favorable survival outcomes indicating anti-tumor immunity is operable in certain patients. In some of these 
lymphocyte-inflamed PDAC tumors, spontaneous organization of tertiary lymphoid structures (TLS) is evident 
upon surgical resection. TLS are T and B cells clustered in complex with antigen presenting cells and high 
endothelial venules (HEV). TLS are prognostic biomarkers in most solid tumors and are predictive of immune 
checkpoint blockade in certain immunotherapy responsive cancer types yet the function of what TLS do or how 
they form is still unknown. One reason for this is that TLS do not form in most mouse models of cancer. To 
address these mechanistic questions and overcome this problem, we have developed a new method for inducing 
TLS formation in implantable mouse PDAC tumors in the orthotopic setting. We utilize an antibody that agonizes 
the lymphotoxin beta receptor (LTBR) that recreates TLS in established mouse PDAC tumors. These TLS are 
complexed with T cells, B cells, CXCL13+ cells, and PNAd+ HEV. Furthermore, induction of TLS is associated 
with reduced tumor growth, presence of pro-inflammatory cancer associated fibroblasts and increases in anti-
tumor T cell phenotypes. We will use this new TLS+ PDAC mouse model to address how TLS may directly 
benefit antigen-specific T cell and B cell immunity and elucidate the pathways that regulate TLS formation. These 
data will offer new strategies to overcome immunotherapy resistance in cancer patients. 
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Since the recognition of tobacco smoking as a major risk factor for non-small cell lung carcinoma (NSCLC), the 
rate of incidences in males has significantly declined. However, new cases of lung adenocarcinoma (LUAD), a 
subset of NSCLC, continue to rise among females and non-smoking populations. Recent epidemiological 
studies, along with our preliminary analysis from the US National Cancer Database, have found the incidence of 
NSCLC in females had surpassed males in age groups younger than age 50, which suggest factors beyond 
smoking drive the sexual dimorphism in lung tumorigenesis. There is a growing appreciation for the immune 
system in various cancers including LUAD, with increasing evidence of a pro-tumorigenic role of type 2 
inflammation. One of the first responders in host innate immune defense are tissue resident type 2 innate 
lymphoid cells (ILC2), and newer evidence indicate ILC2 to be the lynch pin of the type 2 immunity that 
orchestrates various downstream immune responses. Studies have connected sex hormonal signaling to ILC2 
regulation that potentially influences female sex disparity in allergic asthma disease, but how ILC2 function is 
regulated in LUAD remains unknown. In our study, we used transcriptomic analysis to investigate the gene 
regulation between murine derived male and female lung ILC2. We observed differential gene regulation of ILC2 
signatures between male and female, with the most promising hits of IL13, AREG, ICOS, CCL1, and CSF2. To 
characterize the role of ILC2 in LUAD, we generated a spontaneous LUAD model using double mutant 
KrasG12D;Trp53fl/fl;adenovirus-cre-GFP. We observed differences in tumorigenicity between male and female 
mice, with greater tumor penetrance in females, similar to reports in other studies. We hypothesize that ILC2 
favors a pro-tumorigenic microenvironment which is further skewed by female sex hormones to promote LUAD 
development in females. This will be one of the first studies to investigate the role of sex hormones and ILC2 
function in cancer and will provide mechanistic insight into sex hormonal signaling in ILC2 response and tumor 
development in LUAD. Collectively, the identification of the mechanism of ILC2 activation has potential for long-
term therapeutic implications, as monoclonal antibodies targeting ILC2 effector molecules are currently used for 
allergic and inflammatory diseases, and repurposing FDA approved drugs that target hormonal signaling can be 
rapidly deployed for LUAD treatment. 
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Most ovarian tumors show some level of infiltration by T lymphocytes and the increased prevalence of cytotoxic 
T lymphocytes (CTL) in the tumor microenvironment (TME) is known to predict positive outcomes in patients 
with epithelial ovarian cancer (EOC). We hypothesize that a combination of intraperitoneal (IP) chemotherapy 
(via immunogenic cell death-inducing cisplatin) with dual agent immunotherapy using IV pembrolizumab (anti-
PD1)and IP rintatolimod (dsRNA and TLR3 ligand) will help overcome immunosuppressive mechanisms and 
promote increased T cell chemotaxis and cytolytic function, for improved clinical outcome. 
We are conducting a, phase II, single arm, trial (NCT03734692) that tests the efficacy/safety of IP cisplatin/IP 
rintatolimod/IV pembrolizumab administered in 6 cycles, three weeks apart. To date, 21 patients with platinum 
sensitive recurrent EOC have been enrolled in this ongoing trial. Serial collection of biologic samples includes 
aspiration of peritoneal resident cells (IP washes) before and after each treatment. Tissue is collected at time of 
IP port placement, interval debulking surgery if performed and port removal surgery. Blood samples are collected 
on each day of treatment. The MesoScale Delivery (MSD) platform was used to profile different biomarkers in 
the peritoneal samples throughout treatment.  
Of the 21 patients enrolled to date,17 have an evaluable response. Three patients had a complete pathologic 
response (17.6%), 4 patients with partial response (23.5%), 2 with stable disease (11.8%) and 8 with progressive 
disease (47.1%) for an overall response rate of 52.9%. From the first 20 patients enrolled, 105 IP wash and 106 
serum samples were collected and analyzed using MSD. MSD measurements in IP washes revealed an acute 
increase in granzyme B, perforin, TNF alpha, CXCL9, CXCL10, CXCL11 after treatment (p<0.05). Longitudinal 
data revealed a progressive increase in CXCL9, CXCL10, CXCL11, perforin and TNF alpha from baseline levels 
at cycle 1 to baseline of cycle 6 (p<0.05). CXCL12 was also increased acutely after treatment (p<0.05).  
Interim analysis of treatment response to this novel, triple drug combination for EOC shows encouraging clinical 
activity in a patient subset. Additionally, serial analysis of the locoregional immune environment shows an acute 
and persistent increase in biomarkers associated with T cell chemotaxis and T cell function. Evaluation of 
additional samples from the trial is ongoing.  
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Triple-negative breast cancer (TNBC) is the second leading cause of death in women worldwide. New 
immunotherapies and chemotherapies have led to better patient prognoses and survival rates. Interestingly, 
drugs involved in targeting oxysterol-binding protein-related proteins and calcium signaling have been 
investigated for their role in durable response rates and are under investigation to improve overall response rates 
of TNBC to chemo- and immune-based therapies. We are investigating how two different drug therapies impact 
proliferation and stress response in TNBC. (-)-Xestospongin-C, a known IP3R1 pharmacologic inhibitor, has 
been implicated in mitochondrial Ca2+ signaling. Schweinfurthins are natural compounds that have selective 
anti-proliferative activity against many cancer types and have been shown to impact calcium signaling that occurs 
at ER-mitochondrial membrane contact sites (MAM). Intracellular stress as well as surface markers indicate a 
disruption in cellular proliferation and potential for apoptotic cell death. Here, we hypothesize that (-)-
xestospongin-C and schweinfurthin analog 10294 will impact mitochondrial calcium signaling in TNBC resulting 
in increased cell death and immunogenicity. Preliminary data has indicated that xestospongin-C dampens the 
known effects of schweinfurthin analog 10294 when investigating cell viability post-treatment. Further cell viability 
testing will be conducted to understand the effect both drugs exert on TNBC cells, both in conjunction and 
separately. Colony formation will also be assessed to understand TNBC cells’ propensity to form colonies when 
treated with (-)-xestospongin-C and schweinfurthin analog 10294. To further assess intracellular stress, we will 
be investigating surface calreticulin which signals endoplasmic (ER) stress when treated with (-)-xestospongin-
C and schweinfurthin 10294. Understanding how targeted therapies impact TNBC will be instrumental in its 
treatment and survival rate and will inform future research of immunotherapy and chemotherapy. 
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Tim-3 or transmembrane immunoglobulin and mucin domain-3 is a type I membrane protein expressed by 
various immune cell types and has been shown to have a co-stimulatory role in T cells through the PI3K pathway. 
Comprising of an extracellular, a transmembrane and an intracellular domain containing five tyrosine residues, 
we and others have shown that Tim-3 participates in TCR-mediated signaling pathways. Using LCMV infection, 
we also found that Tim-3 expression influences the formation of short-lived effector and memory precursor CD8+ 
T cells. We hypothesize that Tim-3 enhances CD8+ T cell function in acute infections and contributes to 
enhanced CD8+ effector function. To test this hypothesis, we have used LCMV-specific TCR transgenic (P14) 
mice expressing truncated version of Tim-3 and CD8+ conditional deletion of Tim-3. CD8+ T cell activation and 
memory were analyzed by flow cytometry after infection with LCMV Armstrong to induce an acute infection. At 
the effector stage, endogenous Tim-3+ T cells had increase in expression of effector CD8 markers such as 
KLRG1and T-bet. Tim-3 knockout mice also showed a significant decrease in proliferation, as showed by LCMV 
antigen specific T cells. Additionally, Tim-3+ T cells were also significantly better at cytokine production, and had 
increased cytotoxicity. Mechanistically, Tim-3 signals via Foxo1, inhibiting its entry into the cytoplasm, conferring 
an enhanced effector function. Thus, Tim-3 signaling plays contributes to mounting an effective CD8+ T cell 
response in an acute infection. These findings may lead us to a better understanding of the role of Tim-3 on 
exhausted CD8+ T cells in a tumor microenvironment and may contribute to improved tumor therapies. 
 


