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ABSTRACT OF THE THESIS 

 

Anti-tumor effects in head and neck cancer in response to toll-like receptor activation, 

checkpoint inhibition, and chemotherapy  

 

 

by 

 

 

Shannon Shueyin Zhang 

Master of Science in Biology 

 

University of California, San Diego 2016 

Professor Dennis A. Carson, Chair 

Professor Gen-Sheng Feng, Co-Chair 

 

 Head and neck cancer (HNC) affects approximately 600,000 individuals annually and 

occurs when squamous cells lining the oral cavity, nasal cavity, and throat become cancerous. 

Certain problems are associated with current therapies. Surgery can lead to a lower quality of 

life due to functional and cosmetic disturbances while chemotherapy and radiation have high 
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toxicity levels. In addition, chemotherapy has low response rates and high recurrence rates. 

Thus, it is necessary to utilize immune-directed therapies to treat patients in a process called 

cancer immunotherapy. 

In this study, the therapeutic efficacy of combination cancer immunotherapy is studied 

on murine models inoculated with squamous cell carcinoma VII. The hypothesis is that using 

a combination of immunotherapeutic methods and standard treatment can lead to smaller sizes 

of local, distant, and subsequent tumors. In this study, the immune system is activated and 

enhanced through the activation of toll-like receptors (TLRs) and the inhibition of immune 

checkpoints. Treatment methods including TLR7 activation with a 1V270 ligand, TLR9 

activation with a SD-101 ligand, checkpoint inhibition with an anti-PD-1 monoclonal 

antibody, chemotherapy drug, cisplatin, and combination approaches were tested. When used 

in conjunction with anti-PD-1 agent, 1V270 and SD-101 both showed a reduction in growth 

on local, distant, and subsequent tumors. 1V270 with cisplatin showed a reduction in growth 

on local and subsequent tumors. Upon further investigation of the infiltrating cells in the 

tumor microenvironment by FACS, the combination therapy of 1V270 with cisplatin or anti-

PD-1 agent provided higher anti-tumor M1 macrophage to pro-tumorigenic M2 macrophage 

ratio. 
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INTRODUCTION 

Head and Neck Cancer  

Approximately 1.7 million individuals are diagnosed with cancer annually in the 

United States1. As observed in other types of cancers, genetic and environmental factors are 

known to induce head and neck cancer (HNC), the 6th most common type of cancer1. HNC 

emerges in areas such as the sinuses, oral cavity, nasal cavity, and throat, where squamous 

cells located in mucous membranous areas become cancerous1. Because HNC is located 

around the head and neck areas, patients often experience pain, numbness, lumps, and 

bleeding in the affected areas and can develop difficulty swallowing, speaking, and/or 

breathing1. Risk factors of HNC include genetic factors, habitual alcohol and/or tobacco use, 

poor oral hygiene, and the infection of human papillomavirus (HPV) strains 16 or 18 upon 

oral sex transmission1. Due to the high prevalence of HPV, now the most common sexually 

transmitted disease (STD), up to 70% of all oropharyngeal cancers are due to HPV infections2.  

Problems with Current Treatment in Head and Neck Cancer   

Because HNC affects multiple organs around the head and neck regions, the tumors 

evolved are often heterogeneous in nature, leading to difficult diagnosis and treatment 

procedures3. The tumors are harder to diagnose because a small portion of the tumor taken for 

a biopsy may misrepresent the entire tumor4. There is also a high recurrence probability after 

treatment because the diverse tumor cells may not all respond to treatment as expected4. With 

multiple different risk factors associated with HNC, different patients may also respond 

differently to treatment methods. Current methods to treat HNC include chemotherapy, 

surgery, and radiation1. Chemotherapy can be used when the cancer cells have metastasized 

while surgery and radiation are used to treat localized tumors. When patients are treated with 

surgery in the head and neck regions, functional and cosmetic disturbance are often a result 
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because many vital organs used daily such as the tongue, nose, and throat can become 

affected5. Treatment with radiation and chemotherapy, on the other hand, are associated with 

high toxicity levels6. Single agent chemotherapy has a fairly low response rate of 15% to 43% 

in HNC7. Furthermore, in previously treated HNC patients, 30%-40% develop locoregional 

cancer while 20%-30% develop metastatic cancer7. Due to the low response rates and 

moderately high recurrence rates, it is necessary to turn to the body’s own immune system in 

addition to current treatments to fight HNC in a process called cancer immunotherapy.  

Immuno-chemotherapy  

Immunotherapy and chemotherapy can be used together in a process called immuno-

chemotherapy. In this mechanism, chemotherapy kills cancer cells causing them to release 

tumor-specific antigens that are recognized as non-self by innate immune cells such as 

dendritic cells (DCs)8. Tumor-specific antigens are abnormal molecules that are produced by 

tumor cells due to a mutation which normal cells do not express9. In the case of HPV+ HNC, 

oncogenic E6 and E7 viral proteins can be recognized as foreign and targeted6. E6 and E7 

proteins expressed in HPV inhibit tumor suppressors p53 and Rb, both regulators of the cell 

cycle, respectively10. Simultaneously, the dying cancer cells release danger associated 

molecules such as heat shock proteins (HSPs) and high mobility group box 1 protein 

(HMGB1) that activate DCs to increase the uptake of antigen molecules and the antigen cross 

presentation process11. After DCs present antigens to T cells during the priming phase, the 

activated antigen specific T cells and other activated immune cells attack the tumor cells12. 

Although this process naturally occurs in patients treated with chemotherapy, it is important to 

elevate the immune system at a higher level and use a lower dose of chemotherapy for 

immuno-chemotherapy. This is because chemotherapy is a nonspecific treatment that can 

target and kill immune cells. In addition, tumor cells also exhibit immunosuppressive 
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strategies. In recent reports, low dose chemotherapy used in combination with certain toll-like 

receptors (TLRs), TLR7 (Imiquimod) and TLR9, were evident to be effective in clinical 

trials13. Whereas current methods directly target present cancer cells, they do not play a role in 

preventing recurrent tumors from forming. Activation of the immune system, on the other 

hand, has the potential to inhibit recurring tumors from forming if an adaptive response is 

initiated. Cisplatin is one commonly used chemotherapeutic drug that is used in this project14. 

Cisplatin is able to enter the nucleus of cancer cells where its chloride ligands are displaced by 

water due to the concentration gradient. Nitrogen from the guanine bases in DNA then 

crosslink to cisplatin as they displace water causing mitosis interference and eventual 

apoptosis14. 

Immune Status of Tumor Microenvironment of Head and Neck Cancer 

It is important to boost the immune system when combatting HNC because tumor 

cells often exhibit immunosuppressive strategies15. Tumor cells can inhibit T cell activation, 

differentiation, and proliferation by secreting factors such as interleukin 10 (IL-10) and tumor 

growth factor beta (TGF-β)15. Although TGF-β exerts tumor suppressor effects in normal 

cells, it promotes the progression of cancer in tumor cells16. IL-10, on the other hand, is a 

naturally anti-inflammatory cytokine that can inhibit the activity of T cells, natural killer (NK) 

cells, and macrophage cells to prevent tissue damage17. Tumor cells are also able to cause T 

cell inactivation and apoptosis through their expression of programmed death-ligand 1 (PD-

L1), which is activated when bound to its receptor, programmed death-1 (PD-1), on tumor-

specific T cells. Aside from affecting T cells, which are important effector cells that target 

tumor cells, tumor cells can also invade bone marrow to disrupt immune cell development and 

down-regulate major histocompatibility class I (MHC I) and human leukocyte antigen (HLA) 

expression to evade the host immune system18. Evidence also suggests that normal cells 
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localized in the tumor environment in HNC favor tumor growth and promote angiogenesis18. 

Patients with HNC have less lymphocytes and more regulatory T cells (Tregs), a subset of T 

cells that suppress the immune system for regulation purposes, than unaffected individuals18. 

Due to all the negative effects that tumor cells can exhibit on the immune system, it is 

important to enhance the immune system for an effective immuno-chemotherapy mechanism.  

The Tumor Microenvironment 

Before discussing specific immunotherapeutic methods in combatting cancer, it is 

important to understand the tumor microenvironment, or the cellular environment that 

localizes within the tumor sites. Tumor-associated macrophages (TAM) are macrophages that 

reside within the proximity of tumors and affect tumor growth19. TAM is not a uniform 

population and consists of distinct functional populations and intermediates19. Simply put, two 

types of macrophages, the classical M1 macrophage and the alternative M2 macrophage, are 

present19. Certain pathogen associated molecular patterns (PAMPs) including TLR ligands and 

cytokines such as interferon gamma (INFγ) and interleukins (IL) in the environment cause 

macrophages to polarize into either M1 or M219. Upon IFNγ stimulation, macrophages 

polarize to M1 macrophages; upon IL-4 stimulation, macrophages polarize to M2 

macrophages20. TAM are identified by surface markers as CD45+CD11b+F4/80+, M1 

macrophages are identified by MHC class IIhighCD206low, and M2 macrophages are identified 

by MHC class IIlowCD206high21. M1 macrophages phagocyte tumor cells and produce effector 

molecules to eliminate tumor cells22. They can present tumor antigens to T cells for tumor-

specific adaptive immune responses22. Functionally, M1 macrophages help with antitumor 

immunity whereas M2 macrophages promote wound healing and pro-tumorigenic effects by 

promoting angiogenesis and inhibiting type 1 T helper cell (Th1) responses19. Aside from M2 

macrophages, myeloid-derived suppressor cells (MDSC) and Tregs are regulatory immune cells 
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that exhibit immunosuppressive strategies to promote tumor growth23. Thus, in addition to 

immune activation strategies, more research should also be directed towards the 

downregulation of these immunosuppressive immune cells in the tumor microenvironment.   

Toll-like Receptors  

TLRs are receptors that are located on innate immune cells such as DCs24. There are a 

total of thirteen TLRs that can each recognize different PAMPS or damage associated 

molecular patterns (DAMPS) which serve as ligands to generate an immune response25. TLR 

activation can lead to the release of pro-inflammatory cytokines that activate tumor infiltrating 

immune cells. TLR7, unlike TLR2 or TLR4, are expressed only on a limited amount of cells 

including DCs, plasmacytoid cells, and B cells26. Thus, using ligands that target TLR7 will 

only affect tumor infiltrating immune cells, leading to a less chance of off-target effects. 

Frenzel and colleagues confirm the importance of TLR7 activation in combatting cancer, 

specifically, squamous cell carcinoma (SCC)27. When dendritic cells, which serve as the first 

line of defense, were exposed to head and neck squamous cell carcinoma (HNSCC), they 

expressed more TLR7 in comparison to other TLRs27. The success in activating TLR7 in 

cancer therapy was confirmed by Hayashi and colleagues when synthetic TLR7 ligand 

agonist, 1V270, was shown to successfully suppress the growth of melanoma tumors28. 

1V270, which was used in this project, is a synthetic ligand synthesized by UCSD that is 

composed of the TLR7 ligand conjugated to a phospholipid moiety29. 1V270 has many 

advantages over a TLR7 ligand alone in its utilization including its high immunopotency, ease 

in synthesizing large amounts, stability for at least six months, resistance to the heat and cold, 

and local on-site targeting efficiency29. In addition to TLR7 activation, TLR9 activation was 

also studied in this project because previous studies have shown that TLR9 agonists can cause 

anti-tumor effects through activating and maturating DCs and aiding in the differentiation of B 
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cells30. Thus, a TLR9 ligand agonist, SD-101, created by Dynavax CA, was studied in 

combination with other methods31. Both TLR7 and TLR9 pathways utilize the myeloid 

differentiation primary response 88 (Myd88) dependent pathway, in which the adaptor protein 

Myd88 recruits interleukin-1 receptor-associated kinase (IRAK) which eventually leads to the 

production of IFN-α and the nuclear localization of the transcription factor nuclear factor 

kappa beta (NF-κβ), leading to the expression of cytokines32. 

Checkpoint Inhibition 

Although the immune system is important in maintaining the health of an individual, 

it can also lead to detrimental symptoms if it is active at too high of a level33. Excessive 

activation of immune cells and/or chemokine release can cause tissue damage, systemic shock, 

auto-immune diseases, and even lethality33. Thus, a negative feedback by checkpoints exists in 

the immune system and acts as a homeostatic mechanism to prevent an over-activation of the 

immune system34. Blocking these immune negative feedback systems could enhance tumor-

specific immunity and sustain effector T cell activation. Two main sources of immune 

checkpoints have been utilized for the development of cancer immunotherapy agents: the 

cytotoxic T lymphocyte-associated protein 4 (CTLA-4) system that acts mainly in the priming 

phase, where antigen presenting cells (APCs) activate effector immune cells, and the 

programmed death-1 (PD-1) system that acts mainly in the periphery phase, where activated 

effector immune cells target tumor cells35. The CLTA-4 receptor found on T cells can bind to 

either B7-1 or B7-2 ligands on APCs to inhibit the proliferation and activation of T cells36. 

The PD-1 on T cells can bind to PD-L1 in tumor cells or APCs and this interaction also 

inhibits the proliferation and activation of T cells35. In treating cancer, it is expected that by 

blocking the immune checkpoints via antibodies, the immune system will be elevated leading 

to antitumor properties.  In this experiment, an anti-PD-1 antibody is used to block anti-PD-1 
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from binding to its ligand, anti-PD-L1. In some cases, targeting of the PD-1 system is 

preferred over targeting of the CTLA-4 system because the CTLA-4 receptor acts early in the 

priming phase and if blocked, can lead to undesired autoimmune problems37.  

Preclinical Models of HNC 

There are different types of HNSCC induced tumors that require different treatment 

approaches. Thus, it is important to study different HNC models such as HPV- SCC-7 cells, 

HPV- MEER cells, and HPV+ MEER cells (Table 1). SCC-7 cells are poorly immunogenic 

squamous cells derived spontaneously from an abdominal wall tumor of a C3H mouse; they 

grow very rapidly in C3H mice38. MEER cells are modified forms of mouse tonsil epithelial 

cells (MTEC) derived from wild type C57BL/6 mice39. HPV- MEER cells are derived from H-

Ras transduced MTECs and grow at a moderate rate in C57BL/6 mice39. The additional Ras 

expression allows for immortality of the cells as the Ras protein normally functions to 

promote cell growth, differentiation, and survival. HPV+ MEER cells additionally include the 

expression of HPV E6/7 antigens from HPV16 which increases immunogenicity40. These cells 

grow slowly and exhibit strong anti-tumor immune responses. In this project, the HPV- SCC-7 

model is studied in C3H mice specifically. 

Table 1: Preclinical cell models in head and neck cancer study. The following table shows 

three different cell models that reflect head and neck cancer derived from the abdominal wall 

of C3H or the tonsils of C57BL/6 mice. The HPV- SCC-7 cell model is used in this project.  

Model SCC-7 HPV- MEER HPV+ MEER 

Background C3H(H-2Kk,1-Ak) C57BL/6 (H-2Kb, 1-

Ab) 

C57BL/6 (H-2Kb, 1-Ab) 

Cell type Abdominal wall 

squamous cells 

Tonsil epithelial cells Tonsil epithelial cells 

HPV status - - + (E6/7) 

Growth in vivo Fast Moderate Slow 
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Hypothesis and Experimental Approaches 

As a part of the cancer immunotherapy approach, systemic TLR treatments have been 

performed in several clinical trials. However, due to the systemic adverse effects such as 

cytokine storm, the repeated treatments were not well tolerated41. Local intratumoral (i.t.) 

treatments with TLR ligands have been widely accepted including topical applications with 

Imiquimod, which showed therapeutic efficacy13. We have previously published that i.t. 

administration of 1V270 reduced B16 melanoma growth and IL-2 treatment additively 

improved therapeutic effects of 1V270. Therefore, the hypothesis for this study is that i.t. 

treatment of 1V270 is able to suppress tumor growth of SCC-7 low immunogenic syngeneic 

cell line. Since the stimulation upregulated PD-L1 expression on APCs, anti-PD-1 agents were 

combined with i.t. treatment with 1V270 and therapeutic efficacy was monitored. Cisplatin is 

widely used for low dose immuno-chemotherapy so it was also used in combination with TLR 

activation to view effects on tumor size. Finally, tumor infiltrating cells were studied by FACS 

analysis to discover the mechanism of action. I hope to discover an optimal treatment and 

administration schedule that will provide for a better therapeutic method in treating HNC with 

an abscopal effect in a clinical setting.
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MATERIALS AND METHODS 

Animals  

Wild type female C3H/HeOuJ mice were obtained from the Jackson Laboratory (Bar 

harbor, MA). The UCSD Institutional Animal Care and Use Committee approved all 

procedures carried out in this study (Protocol numbers S00028 and S05016).  

Cell Lines and Reagents 

TLR7 ligand phospholipid conjugate, 1V270, was synthesized in our laboratory42. 

TLR9 ligand, SD-101, was provided by Dynavax Technologies Berkeley, CA43. RPMI 1640 

medium (Invitrogen, Carlsbad, CA) was supplemented with 10% fetal bovine serum (FBS) 

(Omega Scientific, Inc. Tarzana, CA) and penicillin-streptomycin (P/S) (Life Technologies, 

Grand Island, NY) (complete RPMI). HPV− SCC-7 cells were kindly gifted by Dr. John Lee 

(Sanford Research, SD). SCC-7 cells were cultured in RP10 medium. Endotoxin levels of 

these drugs were determined by Endosafe® (Charles River Laboratories, Wilmington, MA) 

and were less than 10 EU/µmol. 

Preclinical Models Using SCC-7 Treatment 

For the HPV− HNSCC model, 1X105 SCC-7 tumor cells were subcutaneously (s.c) 

inoculated in C3H/HeOuJ mice. Intratumoral (i.t.) treatment with 1V270 was initiated on day 

8 post inoculation when the diameter of the tumors reached 2-5 mm. Treatment with 1V270 

[100 µg (93 nmol/injection)] was administered daily for five consequent days unless otherwise 

noted. SD-101 (50 µg/injection) was administered on days 7, 11, 14, and 18 post inoculation. 

The monoclonal antibody (mAb) against murine PD-1 (RMP1-14 clone, BioXcell) (250 

µg/injection) was given through intraperitoneal (i.p.) routes. Cisplatin (5 mg/kg) was i.p. 

administered on days 8 and 12. Tumor lengths and widths were recorded over days post 
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inoculation and tumor volumes were calculated using the formula 
����� � ����� � �	
���

�
. 

Details of treatment schedules are stated in the figure legends. 

RNA Isolation and Nanostring Assay  

 To study upregulated genes in the tumor microenvironment, tumor tissues were 

harvested and RNA was isolated using the RNA Isolation Kit: RNeasy Mini Kit per the 

Qiagen® protocol. RNA samples were stored in -80oC and sent to Nanostring Technologies® 

to probe for RNA present in tumor cells following the nCounter® Gene Expression Assay 

protocol.  

Analysis of Tumor Infiltrating Lymphocytes 

Tumors were cut into small pieces and single cell suspensions were prepared 

according to the mouse Tumor Dissociation Kit (Miltenyi Biotec SD) using gentleMACS™ 

Octo Dissociator with Heaters according to the manufacture’s protocol (Miltenyi Biotec). 

Single cell suspensions of tumor cells were stained for 20 min at 4 °C with the following 

monoclonal antibodies (mAbs) (Table 2).  

Table 2: Antibodies chart for FACS staining to detect M1 macrophages, M2 macrophages, and 

CD8+ T cells in the tumor microenvironment.  

Antibody Cells Clone Color Company 

CD3ε T cell 145-2c11 APC eBioscience 

CD8α T cell  53-6.7 FITC BD Biosciences 

CD11b Macrophage M1/70 eFluor 450 eBioscience 

CD45 Hematopoietic cells 30-F11 PE/Cy7 BioLegend 

F4/80 Macrophage BM8 APC eBioscience 

Class II (I-Ek) M1 Macrophage 14-4-4S FITC eBioscience 

CD206 M2 Macrophage C068C2 PE BioLegend 

IFNγ T cell  XMG1.2 APC eBioscience 

 

After staining, cells were fixed in BD Cytofix/Cytoperm. Data were acquired on FACS 
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CantoII (Becton Dickinson) and analyzed using FlowJo 10 software (TreeStar Software, 

Ashland, Oregon).  

Graphing of Data and Statistical Significance Analysis 

Data were plotted on graphs using Prism software (version 6.0, GraphPad Software, 

Inc., San Diego, CA) and fitted by nonlinear regression. Analysis of variance (ANOVA) was 

used to test for the variance among data points. A two tailed student t test or one-way 

ANOVA with Bonferroni’s post hoc or Dunnett’s post hoc test was utilized. Survival curves 

of the mice followed the Kaplan-Meier model and were assessed by log rank tests for 

statistical significance. P values lower than 0.05 were considered statistically significant. 
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RESULTS 

Optimal dose of intratumoral 1V270 administration is 100μg per inoculated site 

Before different combination therapy methods were assessed, a preliminary study was 

conducted to test for a dose of 1V270 injection that can induce the suppression of SCC-7 

tumor growth. Groups of eight wild type (WT) female C3H/HeOuJ mice were s.c. inoculated 

with 1x105 SCC-7 on their right flanks on day 0 and treated with different doses of 1V270 

daily from days eight through twelve to determine the optimal dose (Figure 1a). In a previous 

study, it was discovered that 3μg of 1V270 was enough to inhibit tumor growth in a B16 

melanoma model28. Thus, low doses (8μg or 16μg) of 1V270 were first injected into mice 

models and tumor sizes were measured. A vehicle group of mice was treated with 9% DMSO 

in sterile saline i.t. The results show that the three groups of mice did not show a significant 

difference in tumor growth, indicating that a higher dosage of 1V270 was required to produce 

an anti-tumor effect (Figure 1b left panel). In a subsequent study, 35μg and 100μg of 1V270 

were tested against a vehicle group. Mice treated with 100μg of 1V270 i.t. after SCC-7 

inoculation exhibited significantly reduced tumor sizes when compared to the vehicle group 

(p<0.05) while mice treated with 35µg of 1V270 did not (Figure 1b right panel). Thus, 100μg 

of 1V270 dosage was used in all subsequent experiments.    

Optimal frequency of intratumoral 1V270 administration is daily  

After determining that the optimal dosage of 1V270 is 100μg per inoculation site, the 

next preliminary experiment was performed to determine the optimal schedule of 1V270 

administration. In a concept called TLR tolerance, cells may become unresponsive with 

repeated exposure to TLR activation due to physiological regulation purposes44. Thus, daily 

administration of 1V270 was tested against two injections per week to determine which 



13 

 

 

schedule produced a more anti-tumor effect. Two groups of mice were inoculated with 1x105 

SCC-7 s.c. on their right flanks on day 0: one group of fifteen mice was treated with 100μg 

1V270 i.t. on days 8, 9, 10, 11, and 12 while another group or fourteen mice was treated with 

100μg 1V270 i.t. on days 8, 11, 14, 17, and 20 (Figure 2a). Tumor sizes were assessed and it 

was seen that as expected, the vehicle group exhibited the largest tumor sizes (Figure 2b). 

Although mice injected twice a week showed significantly lower tumor sizes when compared 

to the vehicle group (p<0.05), mice injected daily showed an even more significant decrease in 

tumor sizes when compared to the vehicle group (p<0.0001) (Figure 2b). Mice treated with 

1V270 daily also exhibited significantly higher survival rates than the vehicle group while 

mice treated twice a week did not (p<0.05) (Figure 2c). Thus 1V270 was injected daily on 

days 8 through 12 in all subsequent experiments.       

Genes related to antigen presentation, PD-L1 and granzyme B are upregulated by 1V270  

To elucidate the molecular effects of 1V270 in the tumor cells and the 

microenvironment, the expression levels of inflammatory and cancer-related genes in the 

tumor tissue were determined using nCounter® PanCancer Immune Profiling Panel from the 

NanoString Technologies. Mice were s.c. inoculated with 1x105 SCC-7 on their right flanks on 

day 0 and treated with 100μg 1V270 i.t. on days 8, 9, 10, 11, and 12. On day 13, tumors were 

harvested and RNA was extracted using Qiagen Miniprep Kits per protocol (Qiagen). RNA 

samples were sent to NanoString Technologies and genes were hybridized to analyze gene 

expression. Many genes from various immune pathways were shown to be upregulated in 

response to 1V270 (Table 3). Because TLR7 activators are strong type 1 IFN inducers, IFN 

related genes were upregulated as expected. Genes related to the antigen presenting function, 

including CD86, and related to MHC and antigen presentation were also upregulated. It should 

be noted that granzyme B and CD274 (PD-L1) were significantly upregulated. The granzyme 
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B gene expresses a protease that is released by cytotoxic T lymphocytes (CTL) and NK cells 

to induce apoptosis in target cells45. This suggests that CTL and/or NK cells are activated upon 

1V270 treatment46.  Increased expression of PD-L1, expressed on macrophages, DCs, as well 

as tumor cells, is known to inhibit T cell activation and to induce apoptosis of effector T cells 

after ligation with PD-1 on T cells35. This finding served as the foundation for the hypothesis 

that blockage of PD-1 and PD-L1 ligation can produce anti-tumor effects. Therefore, the 

addition of anti-PD-1 mAb to block the PD-1/PD-L1 interaction was evaluated.  

Treatment of 1V270 with anti-PD-1 reduces local and distant tumor sizes 

After the preliminary experiments of single dose 1V270 therapy, 1V270 was tested in 

combination with anti-PD-1 mAb. Four groups of ten mice were inoculated with 1x105 SCC-7 

s.c. on their right flanks: one group of mice was treated with 100μg 1V270 i.t. on days 8, 9, 

10, 11, and 12, a second group was treated with anti-PD-1 mAb i.p. on days 6, 10, 14, and 18, 

a third group was treated with a combination of both, and a fourth vehicle group was treated 

with sterile saline i.t. on days 8, 9, 10, 11, and 12 and rat IgG2a i.p., the isotype for anti-PD-1, 

on days 6, 10, 14, and 18 (Figure 3a). Tumor sizes were recorded and tumor volumes were 

calculated and graphed. Figure 3b shows that the combination approach showed a significant 

reduction in tumor sizes when compared to the vehicle group (p<0.05) while 1V270 treated 

mice did not show significantly reduced tumor sizes when compared to the vehicle mice 

(Figure 3b). All treatment groups had significantly higher survival rates than the vehicle group 

(Figure 3c). The survival curve indicated that the combination approach led to about 40% of 

surviving mice on day 35 while for the other groups, almost all mice were deceased by day 35 

(Figure 3c) indicating that the combination approach is preferred over 1V270 alone or anti-

PD-1 antibody alone. To evaluate the abscopal effects on distant site tumors, the same 

protocol was adopted in a second study except both left and right flanks were inoculated with 
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SCC-7 and only the right tumors were treated with 1V270 (Figure 3a). Single agent treatment 

of 1V270 and anti-PD-1 agent showed modest reduction of tumor growth (Figure 3d) in the 

injected site. The combination therapy significantly improved the therapeutic effects compared 

to the single agent therapy (p<0.05) (Figure 3d). On the uninjected site, 1V270 showed almost 

no effect while tumor growth was significantly suppressed when combined with the anti-PD-1 

agent compared to the vehicle group (p<0.001) (Figure 3e).  

Treatment of SD-101 with anti-PD-1 reduces local and distant tumor sizes    

TLR7 and TLR9 are located on intracellular endosomal compartments in immune 

cells and recognize nucleic acids, signaling exclusively via the MyD88 dependent pathway47. 

TLR7 and TLR9 ligands induce similar cytokine profiles. However, notable differences are 

observed between the activation of TLR7 and TLR9 in the downstream signaling48. Therefore, 

we studied whether TLR9 activation by SD-101 would exhibit similar effects in the reduction 

of tumor sizes in comparison to TLR7 activation. Four groups of eight mice were inoculated 

with 1x105 SCC-7 s.c. on their right and left flanks: one group of mice was i.t. treated with 

50μg SD-101 on days 7, 11, 14, 18, and 20, a second group was treated with 250μg anti-PD-1 

mAb i.p. on days 4, 6, 11, 14, and 18, a third group was treated with both, and a fourth vehicle 

group was treated with saline i.t. and rat IgG2a i.p. (Figure 4a). SD-101 was administered on 

only the right tumors. In the right tumors, the single agent treatment with SD-101 as well as 

the combination treatment of SD-101 and anti-PD-1 agent showed a significant reduction in 

tumor sizes than the vehicle group (p<0.05) (Figure 4c). In the left untreated tumors, there 

were significantly smaller tumors only with the combination approach when compared to the 

vehicle group (p<0.0001) but not in the single agent treatment with SD-101 or anti-PD-1 agent 

(Figure 4c). Upon statistical analysis, all three treated groups of mice had significantly higher 

survival rates than the vehicle group (Figure 4d). However, mice treated with the combination 
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approach had the highest survival rate with 20% remaining alive by day 40 while mice in all 

other groups were deceased by day 30 (Figure 4d).  

Treatment of anti-PD-1 with1V270 or SD-101 reduces subsequent tumor sizes  

A challenge experiment was then conducted to evaluate if the combination therapy of 

anti-PD-1 agent with 1V270 or SD-101 can induce an adaptive immune response to lower the 

tumor sizes of a subsequently administered tumor. Two groups of fifteen mice was inoculated 

with 1x105 SCC-7 s.c. on their right flanks and treated with 100μg 1V270 i.t. on days 8, 9, 10, 

11, and 12 and anti-PD-1 mAb i.p. on days 6, 10, 14, and 18 or 50μg SD-101 on days 7, 11, 

14, 18, and anti-PD-1 mAb i.p. on days 4, 6, 11, 14, and 18 (Figure 5a). An age-matched 

group of naïve mice was used for a positive control to visualize the normal growth pattern of 

tumors without pre-exposure to SCC-7 or treatment (Figure 5a). All three groups were 

challenged with 1x105 SCC-7 s.c. on their left flanks. Tumor sizes were recorded and tumor 

volumes were calculated and graphed. Mice that were previously exposed to SCC-7 cells and 

1V270 or SD-101 and anti-PD-1 treatment grew significantly smaller tumors than the naïve 

mice (p<0.05) (Figure 5b). This data indicates that tumor bearing mice treated with the 

combination therapy developed a tumor-specific adaptive immune response.  

1V270, anti-PD-1, and a combination increase M1/M2 macrophage ratio in the tumor 

microenvironment and CD8+ T cell population in the spleen  

TLR stimulation promotes rapid macrophage maturation of monocytes49. Anti-PD-1 

agent is hypothesized to increase the M1 polarization of macrophages induced by TLR 

ligand56. To test how 1V270 and anti-PD-1 alter the macrophage phenotypes in the tumor 

microenvironment, tumor samples were harvested on day 21 to assess tumor infiltrating 

macrophages by FACS after following protocol in figure 3a with sample sizes of four. In the 
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macrophage population, M1 macrophages are MHC class IIhighCD206low and M2 macrophages 

are MHC class IIlow CD206high21. Macrophages were identified as CD45+CD11b+F4/80+ gated 

population. It appeared that treatment with the anti-PD-1 agent causes an increase in the M1 

macrophage population in the tumor infiltrating macrophage population (39.7%) when 

compared to the effects by 1V270 (29.4%) and even more so when compared to the effects in 

the vehicle group (14.3%) (Figure 6a). The population of M1 macrophage out of total 

macrophages in the tumor microenvironment was similar between anti-PD-1 alone treatment 

and the combination treatment of 1V270 and anti-PD-1 (38.3%) (Figure 6a). The M2 

macrophage population in the tumor infiltrating macrophage population decreases from the 

vehicle group (45%) to 1V270 treated group (19.1%) to the anti-PD-1 treated group (12.1%)  

(Figure 6a). The M2 population in the tumor microenvironment was similar between anti-PD-

1 and combination group (10.5%) (Figure 6a). Gene expression analysis by Nanostring Assay 

indicated that 1V270 treatment increases the gene expression related to the antigen presenting 

function of the tumor and the tumor microenvironment. We therefore hypothesized that anti-

PD-1 treatment with 1V270 could increase activated antigen specific CD8+ T cell population 

in the tumor microenvironment. Activated CD8+ T cells were identified by intracellular 

expression of IFNg by FACS. CD8+ T cells in the tumor infiltrating lymphocyte (TIL) 

significantly increased by treatment with anti-PD-1 agent in the untreated tumor, and modestly 

increased by the combination therapy in both side tumors (Figure 6b). CD4+ T cell population 

was significantly increased by the combination therapy in treated and untreated tumors (Figure 

6c). Significantly higher activated CD8+ T cell population was observed in the spleen from 

mice treated with the combination therapy (Figure 6d). These data suggests that the 

combination therapy increases systemic activation of CD8+ T cell responses. 

Treatment of 1V270 with cisplatin reduces local tumor sizes 
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With the success of TLR activation and checkpoint inhibition used in combination 

with each other, the next step was to determine the effects of TLR activation and a standard 

treatment method, chemotherapy. Four groups of seven mice were inoculated with 1x105 SCC-

7 s.c. on their right flanks: one group of mice was treated with 100μg of 1V270 i.t. on days 8, 

9, 10, 11, and 12, a second group of mice was treated with the 5mg/kg of cisplatin i.p. on days 

8 and 12, a third group of mice was treated with both, and a fourth group of vehicle treated 

mice received DMSO i.t. and sterile saline i.p. (Figure 7a). All three treatments showed 

significantly reduced tumor sizes compared to vehicle tumors (p<0.05) while the combination 

approach showed the smallest tumor size (Figure 7b). Survival rates were highest for the 

combination approach as 40% of mice survived on day 35 while mice from the other groups 

were deceased by day 35 (Figure 7c). Mice treated with 1V270 alone had significantly higher 

survival rates than vehicle group (p<0.05) while mice treated with 1V270 and cisplatin had 

even significantly higher survival rates than vehicle group (p<0.001). 

Treatment of 1V270 with cisplatin reduces subsequent tumor sizes 

To evaluate whether the TLR activation and chemotherapy induces a tumor-specific 

adaptive immune responses, a new group of mice treated with 1V270 and cisplatin were 

challenged with freshly prepared SCC-7 cells. Mice were inoculated with 1x105 SCC-7 s.c. on 

their right flanks and then treated with 100μg of 1V270 i.t. on days 8, 9, 10, 11, and 12 and 

5mg/kg of cisplatin i.p on days 8 and 12. (Figure 8a). Age-matched naïve mice that were not 

pre-exposed to SCC-7 and treatment were used for a positive control to visualize the normal 

growth pattern of tumors. On day 28, both groups of mice were inoculated with 1x105 SCC-7 

s.c. on their left flanks (Figure 8a). Tumor size analysis showed that mice previously 

inoculated with SCC-7 and treated showed significantly reduced subsequent tumor growth 

compared to the naïve mice (p<0.05) (Figure 8b).   
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1V270, cisplatin, and a combination increase M1/M2 macrophage ratio and CD8+ T cell 

population in the tumor microenvironment  

To evaluate the mechanism of action by which 1V270 and cisplatin reduces tumor 

growth, the impact of 1V270 and/or cisplatin treatment in the TIL was studied by FACS. 

Tumor samples were harvested for a FACS plot of tumor infiltrating immune cells. 

Macrophages were identified as CD45+CD11b+F4/80+ gated population21. In the macrophage 

population, M1 macrophages are MHC class IIhighCD206low and M2 macrophages are 

identified as MHC class IIlow CD206high21. It appeared that in the vehicle treated group, there 

was a prevalence of 88.8% M2 macrophages and only 0.44% M1 macrophages (Figure 9a). In 

the cisplatin treated group, there was an increase to 4.65% M1 macrophage and a decrease to 

47.4% M2 macrophages. In the 1V270 treated group, the same trend is seen with 3.19% M1 

macrophages and 58.2% M2 macrophages. With the combined 1V270 and cisplatin treatment, 

an additive effect is seen with 7.81% M1 macrophages and 21.8% M2 macrophages (Figure 

9a). However, when analyzing for significance, the M1 cell population in the tumor 

infiltrating macrophage population was not significantly different amongst the treatment 

groups (Figure 9b). The M2 cell population was significantly lower in the combination 

treatment group tumor microenvironment when compared to the vehicle group (p<0.05) 

(Figure 9c). Finally, the frequency of CD8+ T cells was analyzed in the tumor 

microenvironment and it was seen that mice treated with the combination of 1V270 and 

cisplatin showed significantly enhanced CD8+ T cell frequency (p<0.05) while 1V270 alone 

showed a slight but not significant increase in the CD8+ T cell frequency (Figure 9d). Cisplatin 

alone did not affect CD8+ T cell frequency.   
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DISCUSSION 

In the preliminary experiments, it was shown that daily i.t. injections of 1V270 

improved the outcome of tumor suppression when compared to 1V270 injections twice a 

week. Daily administration of TLR ligand is known to induce refractoriness against 

subsequent TLR challenges in TLR tolerance44. The reason why we did not see this could be 

the fact that the injections were local. Thus, new immune cells were being recruited to the 

tumor microenvironment and stimulated instead of the same immune cells being stimulated 

repeatedly.  

From the results, it seems that as a single agent therapy, SD-101 is able to produce a 

stronger anti-tumor effect than 1V270 alone in a local tumor. This may be due to the fact that 

although TLR7 and TLR9 are located in the same region in the cell and produce similar 

cytokines, the downstream mechanisms between the two are different48. Puig and colleagues 

showed that while TLR7 agonists produce a more rapid and temporary induction of IFN 

transcripts, TLR9 agonists produce a more sustained and longer induction of IFN transcripts, 

which may be the reason why TLR9 activation is more effective as cytokine production lasts 

longer48.  

The combination therapies with TLR ligands, both TLR7 and TLR9, and the 

checkpoint inhibitor showed significantly reduced tumor growth in untreated sites, indicating 

that this combination therapy was able to establish a tumor-specific adaptive immune response 

that had abscopal effects. This finding was further supported by the inhibition of tumor growth 

of the mice that were previously treated with the combination therapy with 1V270 or SD-101 

plus anti-PD-1 agents (Figure 5b). This trend was also seen in the challenge experiment using 

1V270 and cisplatin (Figure 8b). In HNC patients, although the incidences of distant 

metastases are relatively small compared to other malignancies, the distant metastases impair 
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the survival of patients50.  This induction of a tumor-specific adaptive immune response 

provides the potential to further improve patient prognosis by preventing metastasis and 

recurrence.  

Tumor infiltrating macrophages exhibit high plasticity and are divided into a 

simplified M1-type and M2-type phenotype adapted from Th1 and Th2 paradigms51. M1-type 

macrophages are considered as anti-tumor macrophages and secrete factors inhibiting tumor 

growth, such as high levels of proinflammatory cytokines (TNF-α, IL-1, IL-6, and IL-12) and 

increased levels of superoxide anions, oxygen radicals, and nitrogen radicals52. Furthermore, 

M1 macrophages can express high levels of MHC class I and II antigens and secrete 

complement factors that facilitate complement-mediated phagocytosis53. Conversely, M2 

macrophages mainly participate in parasite clearance, tissue remodeling, immune modulation, 

and tumor progression54. It was expected that i.t. administration of 1V270 promotes M1 

polarization because the activation of TLR signaling pathway is well known to promote 

monocyte differentiation into the M1 phenotype55. Systemic administration with a sub-

therapeutic dose of cisplatin (5 mg/kg) may cause tumor cell death in which the DAMPs 

released could initiate an innate immune activation that potentiates M1 polarization. Previous 

data suggests that anti-PD-1 therapy is also a main driver that increases M1/M2 ratio. Chen 

and colleagues found that a deficiency of PD-1/PD-L1 ligation resulted in M1 polarization 

rather than M2 polarization of macrophages56. On the bases of this information, it was 

believed that the combination therapy with 1V270 and anti-PD-1 agent or 1V270 and cisplatin 

would further increase the M1 population in the tumor microenvironment. However, the 

FACS data indicated similar M1 populations in the tumor microenvironment of mice treated 

with anti-PD-1 therapy alone and 1V270 with anti-PD-1 agent (Figure 6a). The M1 population 

in the tumor microenvironment of mice treated with 1V270, cisplatin, or both were also not 

significantly different (Figure 9b). The lack of the difference in the TIL by different treatments 



22 

 

 

might be due to the timing of the sample collection. In fact, the activated CD8+ T cells were 

significantly increased in the combination therapy (Figures 6d, 9d). Furthermore, tumor 

bearing mice treated with combination therapy were refractory to the subsequent SCC-7 

challenge (Figures 5b, 8b), strongly suggesting that the combination therapy provided tumor-

specific immune protection.  

To our best knowledge, there is no report showing that anti-PD-1 agent promotes M1 

macrophage polarization. Our data shows that systemic anti-PD-1 agent increased M1/M2 

ratio in macrophage population when compared to the vehicle group (Figure 6a).  

Furthermore, anti-PD-1 treatment primarily increased CD8+ T cell population (Figure 6b). 

One possible explanation for why anti-PD-1 agent increased M1-type macrophage population 

may be that activated tumor-specific CD8+ T cells can promote M1 polarization by IFNγ 

release57. The MDSC population was not studied in my project. Because this cell type was 

presented as a significant negative contribution towards the activation of tumor-specific T 

cells, contribution of the checkpoint inhibitors TLR ligands or cytotoxic treatment should be 

studied further.  

In the tumor challenge study in this project, naïve age-matched non-tumor bearing 

mice were used as a positive control. The adaptive immune responses are widely accepted as 

important players to prevent metastasis or recurrence of solid tumors58. The cell types that 

activate innate lymphoid cells, such as NK cells, have been implicated as contributors to the 

promotion, maintenance, or elimination of tumors59. Currently, an experiment is conducted to 

include a group of mice without bearing tumors that are treated with 1V270 and anti-PD-1 

agents to see if the treatments alone can reduce the growth of a subsequently introduced 

tumor.  
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Figure 10 exhibits the current working hypothesis of the mechanism of action by 

which the combination therapy effectively induces a tumor-specific adaptive immune 

response.  Our data suggests that anti-PD-1 agent works on both the activation of innate 

immune cells and T cells whereas TLR ligands and cisplatin contribute mainly to innate 

immune cells. With these effects, the next steps would be to determine the details of the 

mechanism of action by which CD8+ T cells are studied because these effector cells are 

previously found to be in high numbers in patients who survive cancer treatment60. Similar to 

the other cancer immune therapy, it is highly possible that the tumor-specific adaptive immune 

responses are mediated by cytotoxic T cells. Currently, the depletion of CD8+ T cells is tested 

to see the effects of these immune cells in relation to resistance to subsequent tumor challenge.  

In summary, the study revealed that 1) daily intratumoral treatment with 100µg 

1V270 significantly suppressed tumor growth of the HPV- HNC model, 2) combination 

therapy with the checkpoint inhibitor anti-PD-1 agent additively reduced tumor growth on 

both treated and untreated tumors, 3) combination therapy with 1V270 and anti-PD-1 agent 

increased M1-type macrophages and reduced M2-type macrophages, and 4) the challenged 

tumor growth was slowed in mice treated with the combination therapy.  The combination 

therapy with the ligands for TLR7 or TLR9 with checkpoint inhibitor or chemotherapy will be 

a promising therapeutic approach to prevent recurrent and distant metastasis in HNC. 
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FIGURES 

 

 

Figure 1: Optimal dose of intratumoral 1V270 administration is 100ug per inoculated site. (A) 

Treatment protocol.  Wild type female C3H/HeOuJ mice (n=8) were inoculated with 1x105 

SCC-7 s.c. on right flanks on day 0. 1V270 (8ug or 16ug (left panel), or 35ug or 100ug (right 

panel)) was administered on days 8, 9, 10, 11, and 12. (B) Tumor lengths and widths were 

recorded over days post inoculation and tumor volumes were calculated using the formula 
����� � ����� � �	
���

�
 and graphed using Prism software (version 6.0, GraphPad Software, Inc., 

San Diego, CA) and fitted by nonlinear regression. p value was calculated using a one-way 

Anova. p value < 0.05 was considered statistically significant. 
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Figure 2: Optimal frequency of intratumoral 1V270 administration is daily. (A) Treatment 

protocol. Wild type female C3H/HeOuJ mice were inoculated with 1x105 SCC-7 s.c. on right 

flanks on day 0. 1V270 (100ug) was administered i.t. on days 8, 9, 10, 11, and 12 (n=15) or 

days 8, 11, 14, 17, and 20 (n=14) to test for optimal administration schedule. A vehicle group 

was injected with sterile saline i.t. on days 8, 9, 10, 11, and 12 (n=15). (B) Tumor lengths and 

widths were recorded over days post inoculation and tumor volumes were calculated using the 

formula 
����� � ����� � �	
���

�
 and graphed using Prism software (version 6.0, GraphPad 

Software, Inc., San Diego, CA) and fitted by nonlinear regression. p value was calculated 

using one-way Anova. (C) Survival curve was graphed using Kaplan-Meier model. p value 

was calculated using log rank test. p value < 0.05 was considered statistically significant.   
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Table 3: Genes related to antigen presentation, PD-L1, and granzyme B are upregulated by 

1V270. Wild type female C3H/HeOuJ mice were inoculated with 1x105 SCC-7 s.c. on right 

flanks on day 0. 1V270 (100ug) was administered i.t. on days 8, 9, 10, 11, and 12 or sterline 

saline was administered i.t. as vehicle. Tumors were collected on day 13 and RNA was 

extracted and sent to NanoString Technologies for analysis. NanoString data showing key 

upregulated genes in indicated immune pathways upon 1V270 treatment. p values and 

adjusted FDR q-values are shown. The p values and FDR q-values were obtained from GSEA 

software analysis.    

Pathway  

(total # genes)  

# significantly 

upregulated 

genes1)  

Nominal 

p-value2)  

FDR   

q-value3)  

Key upregulated genes in 

pathway  

MHC (29)  19  0.012  0.06  H2-M3, H2-Ob, H2-K1, Ciita  

Antigen 

processing (30)  
18  0.078  0.24  Tap1/2, Psmb8, Psmb9, Cd1d2,  

IFN (38)  20  0.06  0.19  
Ifna1, Irf7, Irgm2, Ifitm1, 

Ifi35,Ifi44  

T cell functions 

(183)  
103  0.008  0.16  

Cd3e, Gzmb, CD274, Cd40lg, 

CCL3  

B cell functions 

(81)  
48  0.007  0.2  

CD86, CD69, CD19, 

Ctla4,Ptprc,Syk  
1) Number of significantly upregulated genes. 2) Nominal p-value for gene set. 3) FDR q value 

for pathway  
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Figure 3: Treatment of 1V270 with anti-PD-1 reduces local and distant tumor sizes. (A) 

Treatment protocol. Wild type female C3H/HeOuJ mice were inoculated with 1x105 SCC-7 

s.c. on right flanks on day 0. 1V270 (100ug) was administered i.t. on days 8, 9, 10, 11, and 12 

and anti-PD-1 antibody (250ug) was administered i.p. on days 6, 10, 14, and 18. (B) Tumor 

lengths and widths were recorded over days post inoculation and tumor volumes were 

calculated using the formula 
����� � ����� � �	
���

�
 and graphed using Prism software (version 

6.0, GraphPad Software, Inc., San Diego, CA) and fitted by nonlinear regression. p value was 

calculated using one-way Anova. (C) Survival curve was graphed using Kaplan-Meier model. 

p value was calculated using log rank test. (D) Treated right tumor volumes recorded over 

days post inoculation of a second group of mice treated as in figure 4a but with SCC-7 

inoculation on both flanks. (E) Untreated left tumor volumes recorded over days post 

inoculation. p value < 0.05 was considered statistically significant.  
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Figure 4: Treatment of SD-101 with anti-PD-1 reduces local and distant tumor sizes. (A) 

Treatment protocol. Wild type female C3H/HeOuJ mice were inoculated with 1x105 SCC-7 

s.c. on their right flanks on day 0. SD-101 (50ug) was administered i.t. on days 7, 11, 14, and 

18 and anti-PD-1 antibody (250ug) was administered i.p. on days 4, 6, 11, 14, and 18. (B) 

Right treated tumor lengths and widths were recorded over days post inoculation and tumor 

volumes were calculated using the formula 
����� � ����� � �	
���

�
 and graphed using Prism 

software (version 6.0, GraphPad Software, Inc., San Diego, CA) and fitted by nonlinear 

regression. p value was calculated using one-way Anova. (C) Left untreated tumor volumes 

were calculated using the same formula. (D) Survival curve was graphed using Kaplan-Meier 

model. p value was calculated using log rank test. p value < 0.05 was considered statistically 

significant.  
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Figure 5: Treatment of anti-PD-1 with1V270 or SD-101 reduces subsequent tumor sizes. (A) 

Treatment protocol. Wild type female C3H/HeOuJ mice were inoculated with 1x105 SCC-7 

s.c. on right flanks on day 0. Two groups of mice (n=15) were treated with either 1V270 

(100ug) i.t. on days 8, 9, 10, 11, and 12 and anti-PD-1 antibody (250ug) i.p. on days 6, 10, 14, 

and 18 or treated with SD-101 (50ug) i.t. on days 7, 11, 14, 18 and anti-PD-1 antibody (250 

ug) i.p. on days 4, 6, 11, 14, and 18. An age-matched naïve group (n=15) served as a positive 

control. (B) Tumor lengths and widths were recorded over days post inoculation and tumor 

volumes were calculated using the formula 
����� � ����� � �	
���

�
 and graphed using Prism 

software (version 6.0, GraphPad Software, Inc., San Diego, CA) and fitted by nonlinear 

regression. p value was calculated using one-way Anova. p value < 0.05 was considered 

statistically significant.  
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Figure 6: 1V270, anti-PD-1, and a combination increase M1/M2 macrophage ratio in the 

tumor microenvironment and CD8+ T cell population in the spleen. Tumor samples were 

collected day 21, 9 days after the last injection of 1V270 following protocol in figure 3a (n=4). 

(A) FACS analysis of tumor infiltrating immune cells taken after treatment with vehicle, 

1V270, anti-PD-1, and a combination. CD45+CD11b+F4/80+ identifies macrophage 

population. M1-type and M2-type macrophages were identified as CD206low MHC class IIhigh 

and CD206high MHC class IIlow respectively. Each number indicates % population in the gated 

parent population. (B) Levels of CD8+ and CD4+ T cells were graphed and compared between 

different treatments in injected tumor site versus uninjected tumor site. (C) The CD8+ T cell 

population was graphed between different treatment groups in the spleen. p value was 

calculated using one-way Anova. p value < 0.05 was considered statistically significant.  

aPD-1 1V270+aPD-1 1V270 

SCC SCC SCC 

Vehicle 

91%

74%

45

29.8 14.3

10.9

99%91%
74%

MHC classII

C
D

2
0

6

F
4

/8
0

C
D

1
1

b

C
D

4
5

CD8

0

5

10

15
p<0.05

%
 i
n
 C

D
4
5
+

 c
e

ll
s

Veh 1V270 1V270
+

aPD-1

Injected site

aPD-1 Veh 1V270 1V270
+

aPD-1

Uninjected site

aPD-1

p<0.01

CD4

0

5

10

15
p<0.05

p<0.05

%
 i
n
 C

D
4
5
+

 c
e

ll
s

Veh 1V270 1V270
+

aPD-1

Injected site

aPD-1 Veh 1V270 1V270
+

aPD-1

Uninjected site

aPD-1

A

B tumor  C tumor 

D spleen 



31 

 

 

 

  

 

Figure 7: Treatment of 1V270 with cisplatin reduces local tumor sizes. (A) Treatment 

protocol. Wild type female C3H/HeOuJ mice were inoculated with 1x105 SCC-7 s.c. on their 

right flanks on day 0. 1V270 (100ug) was administered i.t. on days 8, 9, 10, 11, and 12 and 

cisplatin (5mg/kg) was administered i.p. on days 8 and 12. (B) Tumor lengths and widths were 

recorded over days post inoculation and tumor volumes were calculated using the formula 
����� � ����� � �	
���

�
 and graphed using Prism software (version 6.0, GraphPad Software, Inc., 

San Diego, CA) and fitted by nonlinear regression. p value was calculated using one-way 

Anova. C) Survival curve was graphed using Kaplan-Meier model. p value was calculated 

using log rank test. p value < 0.05 was considered statistically significant.  
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Figure 8: Treatment of 1V270 with cisplatin reduces subsequent tumor sizes. (A) Treatment 

protocol. Wild type female C3H/HeOuJ mice were inoculated with 1x105 SCC-7 s.c. on their 

right flanks on day 0. 1V270 (100ug) was administered i.t. on days 8, 9, 10, 11, and 12 and 

cisplatin (5mg/kg) was administered i.p. on days 8 and 12. Mice were challenged with 1x105 

SCC-7 s.c. on left flanks on day 28 along with a naïve group of mice that served as a positive 

control. (B) Tumor lengths and widths were recorded over days post inoculation and tumor 

volumes were calculated using the formula 
����� � ����� � �	
���

�
 and graphed using Prism 

software (version 6.0, GraphPad Software, Inc., San Diego, CA) and fitted by nonlinear 

regression. p value was calculated by two tailed student t test. p value < 0.05 was considered 

statistically significant.  
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Figure 9: 1V270, cisplatin, and a combination increase M1/M2 macrophage ratio and CD8+ T 

cell population in the tumor microenvironment. Protocol was the same as figure 7a. (A) FACS 

analysis of tumor infiltrating immune cells taken after treatment with vehicle, cisplatin, 

1V270, or 1V270 and cisplatin. CD45+CD11b+ F4/80+ identifies macrophage population. M1-

type and M2-type macrophages were identified as CD206low MHC class II high and CD206high 

MHC classIIlow respectively. Each number indicates % population in the gated parent 

population. (B) M1 macrophage frequencies between different treatment groups. (C) M2 

macrophage frequencies between different treatment groups. (D) CD8+ T cell frequencies in 

TIL between different treatment groups. p value was calculated using one-way Anova. p value 

< 0.05 was considered statistically significant.  
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Figure 10: Proposed immuno-chemotherapy mechanism of action. In the proposed 

mechanism, chemotherapy is administered with TLR7 and TLR9 ligand treatment causing 

immune cells to infiltrate the tumors and M1 differentiation. anti-PD-1 antibody is 

administered and can prevent anti-PD-1 from binding to anti-PD-1 ligand in the periphery 

phase. Thus, the negative feedback of the immune system is inhibited leading to anti-tumor 

effects.  
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