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Abstract
Advanced oral squamous cell carcinomas (OSCC) have limited therapeutic options. Although immune therapies are emerg-
ing as a potentially effective alternative or adjunct to chemotherapies, the therapeutic efficacy of combination immune 
chemotherapies has yet to be determined. Using a 4-nitroquinolone-N-oxide (4NQO) orthotopic model of OSCC in immu-
nocompetent mice, we evaluated the therapeutic efficacy of single- and combined-agent treatment with a poly-epitope 
tumor peptide vaccine, cisplatin and/or an A2AR inhibitor, ZM241385. The monotherapies or their combinations resulted 
in a partial inhibition of tumor growth and, in some cases, a significant but transient upregulation of systemic anti-tumor 
CD8+ T cell responses. These responses eroded in the face of expanding immunoregulatory cell populations at later stages 
of tumor progression. Our findings support the need for the further development of combinatorial therapeutic approaches 
that could more effectively silence dominant immune inhibitory pathways operating in OSCC and provide novel, more 
beneficial treatment options for this tumor.
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Abbreviations
4NQO	� 4-Nitroquinoline-N-oxide
A2AR	� Adenosine 2A receptor
ADO	� Adenosine
ATCC​	� American Tissue Culture Collection

ATG​	� Antagonist
BRAF	� Proto-oncogene B-RAF
Ep2R	� Prostaglandin receptor for PGE2
EphA2	� Ephrin A2
ICIs	� Immune checkpoint inhibitors
NS	� Not significant
NSD	� No significant difference
OSCC	� Oral squamous cell carcinoma
PDGFR	� Platelet-derived growth factor receptor
PGE2	� Prostaglandin E2
RT	� Room temperature
UPMC	� University of Pittsburgh Medical Center
ZM	� ZM241385, A2AR antagonist

Introduction

Patients with advanced-stage oral squamous cell carcinoma 
(OSCC) have a poor clinical prognosis due to their common 
(intrinsic or acquired) resistance to conventional chemoradi-
otherapies and a highly immunosuppressive tumor microen-
vironment (TME) favoring disease progression [1, 2]. Five-
year survival has remained at < 50% and has not improved 
for decades, despite numerous advances in surgical as well 
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as oncological therapies [3]. Immunotherapy, in the form 
of immune checkpoint inhibitors (ICIs), has recently been 
introduced as a promising therapeutic option for patients 
with solid tumors, including OSCC [4–7]. However, only 
a small minority (< 15%) of patients with advanced-stage 
head and neck squamous cell carcinoma (HNSCC) have 
responded to ICIs, such as Nivolumab (anti-PDL1), as 
reported in a recent phase I clinical trial [8]. Since the major-
ity of HNSCC patients do not respond to monotherapy with 
ICIs, there is an urgent need to: (a) identify mechanisms 
underlying tumor resistance to interventional ICIs and (b) 
define alternate or adjunct immunotherapy strategies that 
might supersede or synergize with ICIs in the setting of 
OSCC. Because OSCC is characterized by a highly suppres-
sive TME, it is anticipated that successful immunotherapies 
against OSCC will need to subvert or eliminate active immu-
nosuppression mechanisms that go beyond those impacted 
by ICIs.

Numerous regulatory pathways appear to negatively 
impact protective anti-tumor immune responses in OSCC 
[4]. Among these, the adenosine (ADO) catabolism and 
COX-2/PGE2-synthesis pathways are considered to be domi-
nant contributors to immune dysfunction [9]. OSCC pro-
duces and releases large quantities of ADO and PGE2 into 
the TME [10, 11]. Both pathways operate via the downregu-
lation of cAMP levels in immune responder cells brought 
about by ADO ligation of adenosine 2A receptors (A2ARs) 
and/or by PGE2 binding to Ep2Rs on the immune cell sur-
face [12]. The resulting signaling leads to the suppression of 
effector T cell functions and to the upregulation of immuno-
suppressive activities mediated by Treg and/or MDSC [13]. 
Effective antagonism of the ADO- or PGE2-mediated sup-
pressive pathways is a logical next step in the evolution of 
cancer immunotherapy designs [9], and several inhibitors of 
these pathways are currently being evaluated for efficacy in 
pre-clinical and early-stage clinical trials [14–16].

Another strategy to bolster anti-tumor immunity in OSCC 
has been the use of therapeutic vaccines targeting tumor-spe-
cific T cells. Multiple pre-clinical and clinical vaccination 
studies have been performed attempting to restore/reinvig-
orate tumor-specific CD8+ and CD4+ T cells, with vari-
able degrees of success reported [17–19]. We have recently 
determined that effective therapy of solid tumors in mice 
and man can be achieved using a syngeneic/autologous DC-
based vaccine that targets antigens preferentially expressed 
by the tumor vasculature [20]. This vaccine overcomes local 
immune suppression based on its ability to reduce Treg and 
MDSC content in the TME [21].

With the aim of restricting/limiting tumor-induced 
immune suppression and enhancing protective immunity 
against OSCC, we investigated the comparative therapeu-
tic benefits of DC/peptide-based vaccines, cisplatin and an 
A2AR antagonist, ZM241385, which is currently in clinical 

trials as a potentially non-toxic addition to chemotherapy 
[22]. The drugs, delivered as monotherapies or in combi-
nation, are tested in the 4NQO-induced murine model of 
OSCC [23]. This is an immune-competent orthotopic model. 
Mice treated with 4NQO (a carcinogen) supplied in drinking 
water first develop pre-malignant lesions which then pro-
gress to oral tumors [24]. The tumor developmental pathway 
in 4NQO mice closely recapitulates that of human OSCC 
[25]. Here, we report that the monotherapies or their com-
binations resulted in a partial inhibition of tumor growth 
which was accompanied by only modest and transient devel-
opment of tumor-specific immunity. These results are not 
unexpected, and they indicate that in an immunocompetent 
mouse model, which closely mimics human OSCC, immune 
therapies that are effective in other mouse models show only 
limited therapeutic benefits.

Materials and methods

Mice

A carcinogen, 4-nitroquinoline-N-oxide (4-NQO; 100 μg/
ml, Sigma Aldrich) was administered to mice ad libidum 
in drinking water for 16 weeks, followed by provision of 
regular water for the remainder of the experimental period 
(Supplemental Fig. 1). At the 16-week time point, mice 
were randomly assigned to different treatment groups (5–7 
mice/group): (i) 1. vaccine only, 2. control; (ii) 1. cisplatin 
only, 2. vaccine only, 3. cisplatin + vaccine, 4. control; (iii) 
1. low dose A2AR antagonist, 2. control; (iv) 1. high-dose 
A2A antagonist, 2. high-dose A2A antagonist + vaccine, 3. 
control.

Throughout the experiment, mice were continuously 
monitored for signs of distress and weight loss. Mice were 
euthanized at the planned conclusion of the experiment (i.e., 
28 weeks after the experiment started) or when the weight 
loss exceeded 20% of the initial body mass. At the time of 
euthanasia, the tongue and esophagus were harvested and 
examined for the presence of tumors. The tumor volume 
was determined by caliper measurements using the formula: 
length × width × height × π/6 [26].

Tissue preparation and staining

Tissues were processed as described previously [27]. Briefly, 
tissues were fixed in 4% paraformaldehyde in PBS (Santa 
Cruz, San Juan, USA) at room temperature (RT) for 2 h and 
cryopreserved in 30% sucrose overnight (wt/vol in PBS, 
Sigma Aldrich) for 24 h at 4 °C. All tissues were embedded 
in Tissue Tek OCT compound (VWR) and frozen in liquid 
nitrogen. Six-micron cryosections were prepared, stained 
using a hematoxylin and eosin stain kit (Vector Labs, Cat 
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no: H-3502) and evaluated by a pathologist for the pres-
ence of OSCCs. Consecutive sections were then stained 
for CD4 (Alexa Fluor 488, Clone RM4-5, Biolegend Cat 
no:100529), CD8 (PE, Clone 53-6.7, BD Biosciences Cat 
no: 553033), FoxP3 (APC, Clone FJK16s, eBioscience 
Cat no: 17577382), CD31 (PE, Clone MEC 13.3, BD Bio-
sciences, Cat. No: 553373), Ki67 (FITC, Clone SolA15, 
Thermo Fisher, Cat. No: 11-5698-82), with appropriate iso-
type controls also tested in separate serial sections. Where 
indicated, sections were counterstained using DAPI to detect 
cell nuclei, as previously described [28]. Sections were then 
covered in Gelvatol (Monsanto, St. Louis, MO) and a cov-
erslip applied. Images of H&E and fluorescently stained 
sections were acquired on an Olympus Provis Inverted 
Fluorescence Microscope housed at the Center for Biologic 
Imaging at the University of Pittsburgh (Pittsburgh, PA). 
Acquired images were imported to Nikon NIS-Elements 
for quantification of TIL by the phenotype (CD4 + , CD8 + , 
CD4 + FoxP3 + and CD8 + FoxP3 +), vascular content 
(CD31) and proliferating cells (Ki67).

Therapy groups

Cisplatin Cisplatin (Sigma-Aldrich, PHR1624) was sus-
pended in sterile PBS as per the manufacturer’s instruc-
tions. Following the initial 16-week 4-NQO treatment, 
mice randomized to the Cisplatin or Cisplatin + Vaccine 
treatment groups received a single i.p. injection of Cispl-
atin at a dose of 2.5 mg/kg. Vaccine For vaccine prepara-
tion, syngenic DCs were generated from the bone marrow 
of naïve C57BL/6 mice as previously described [28, 29]. 
Briefly, bone-marrow cells were cultured in RPMI medium 
(Life Technologies, Grand Island, NY) supplemented with 
rmGM-CSF and rmIL-4 (1000 U/ml each, both from Pep-
rotech, Rocky Hill, NJ) for 5 days at 37 °C in 5% CO2. 
CD11c+ DC was autoMACS-purified as per the manufac-
turer’s protocol (Miltenyi Biotec, Auburn, CA) and infected 

with recombinant adenovirus encoding mIL-12p70 for 48 h 
as previously described [30]. 107 harvested DCs were then 
pulsed with an equimolar mix (1 μM each) of the following 
known or predicted H-2b class I-presented synthetic peptide 
epitopes derived from the murine tumor- or tumor vascula-
ture-associated antigens: BRAF679–687 [31], EGFR1131–1139, 
EphA2671–679 [32], EphA2682–689 [32], p53158–166 [33], 
p53232–240 [34], PDGFRβ539–547, STAT3309–316, Survivin97–104 
[35] and VEGFR2615–625 [36]. Peptides were synthesized to 
a purity > 95% by the Hillman Cancer Center’s Peptide Syn-
thesis Facility (a shared resource) and analyzed for purity by 
the Hillman Cancer Center’s Protein Sequencing Facility (a 
shared resource). For vaccination, peptide-loaded DC was 
briefly washed in PBS and then injected (106 DC in a total 
volume of 50 μl PBS) subcutaneously into the right flank of 
tumor-bearing mice in weeks 18, 19, 20, 22 and 24.

A2AR antagonist

The A2AR antagonist, ZM241385 (ZM; Tocris Biosci-
ence, Bristol, UK), was prepared as previously described 
[37]. Briefly, it was dissolved in DMSO, Cremopher 
(EMD Millipore, Billerica, MA, USA) and ddH2O at a 
DMSO:Cremopher:ddH2O ratio of 1:1:4. Low-dose (0.2 μg 
ZM/mouse) or high-dose (0.4 μg ZM/mouse) injections were 
administered i.p. daily to mice, beginning in week 16 of the 
experiments.

Evaluation of specific CD8+ T cells, MDSC and Treg 
from treated mice

For the evaluation of vaccine-specific T cell responses 
from untreated versus treated mice, spleens were harvested 
from mice harboring median size lesions in weeks 21 and 
25 of the experiment, and CD8+ T cells isolated by MACS 
(Miltenyi) and then analyzed in IFN-γ ELISPOT assays 
(Mabtech) as previously described [38] using syngenic EL-4 

Fig. 1   Histopathology of 4NQO-induced OSCC. OSCC tumor-bear-
ing mice were killed in week 24 and tumors harvested. In a H&E 
staining of a representative tongue tumor. In b immunofluorescence 
staining for Ki67 (green: proliferating cells), DAPI (blue: cell nuclei) 

and CD31 (red: tumor vasculature) in a representative tongue tumor 
harvested on day 23. The panel insert indicates the locations of 
tumors on the tongue
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thymoma cells (H-2b; ATCC) pulsed with individual vac-
cine peptides (1 μM) as target cells. Untreated EL4 cells 
served as a negative control, while stimulation with anti-
CD3/CD28 antibodies served as a positive control in ELIS-
POT assays. ELISPOT assays were performed in triplicate 
wells for each peptide or control. MDSC (CD11b+Gr1+) and 
Treg (CD4+Foxp3+) content in total splenocytes was deter-
mined by flow cytometry as previously described [38], using 
fluorescently labeled antibodies reactive against the follow-
ing target molecules CD4 (PE/Dazzle 594, Clone OKT4, 
Biolegend, Cat. no: 317448), CD11b (APC, Clone M1/70, 
Thermo Fisher, Cat. no: 17-0112-81), FoxP3 (APC, Clone 
FJK-16 s, ThermoFisher, Cat. no: 17-5773-80) and Gr1 (PE, 
Clone 1A8, BD Biosciences, Cat. no: 551461). For intra-
cellular staining of FoxP3, the FoxP3/Transcription factor 
staining buffer set (eBioscience) was implemented.

Statistical analysis

Data were compared and visualized using unpaired t test 
or one-way ANOVA with post hoc analysis. Longitudi-
nal differences in the mice body weights were compared 
by repeated measures ANOVA using Graph Pad Prism 7 
software. p values < 0.05 were considered to be statistically 
significant.

Results

Mechanisms responsible for decreases in tumor 
progression and induced by monotherapy 
of 4NQO‑induced OSCC with a poly‑epitope peptide 
vaccine

Female C57BL/6 WT mice received 4-NQO (4-nitroquin-
oline-1-oxide) in drinking water for 16 consecutive weeks 
and reproducibly (100% take) developed oral tumors. Con-
trol mice receiving regular drinking water remained tumor 
free. The treatment period of 16 weeks was followed by an 
observation period of several weeks during which mice first 
developed pre-cancerous lesions (week 21–25) and then can-
cerous lesions (week 25–29) in the tongue and esophagus. 
Tumors of variable size were detected on the tongues of 
mice by weeks 23–24 based on histochemical (H&E) assess-
ments (Fig. 1a). Immunofluorescence analyses of tissue 
sections revealed an extensive CD31+ blood vessel network 
and the presence of Ki67+ proliferating cells in the TME 
(Fig. 1b). Notably, mice receiving 4-NQO displayed only 
small (NS) reduction of body weight over time after week 16 
(control/No therapy mice in Fig. 2a). In this 4-NQO ortho-
topic model, a loss of body weight may be a consequence 
of restriction in food uptake and may not directly relate to 
disease progression.

To determine the potential protective impact of a vac-
cine designed to elicit therapeutic CD8+ T cells, we treated 
4-NQO conditioned mice with syngeneic Type-1-polarized 
DCs loaded with an equimolar pool of H-2Kb- or H-2Db-
presented peptide epitopes derived from the tumor (BRAF 
wt, EGFR, p53, STAT3, Survivin) or tumor vasculature-
associated antigens (EphA2, PDGFRβ, VEGFR2). After first 
determining the optimal frequency for vaccine delivery in 
preliminary experiments (data not shown), we administered 
106 pooled peptide-pulsed DC s.c. in the right flank of mice 
on weeks 18, 19, 20, 22 and 24. This vaccination schedule 
did not result in the maintenance of higher average body 
weights in the vaccine cohort vs. the untreated control group 
(Fig. 2a: p > 0.05), although all vaccinated mice appeared 
healthier (shiny fur) for the duration of the experiment. 
However, animals treated with the vaccine did not exhibit 
a significant decrease in tumor burden when compared to 
control untreated mice (Fig. 2b, p > 0.05).

To determine whether active vaccination led to the activa-
tion of antigen-specific T cells, treated animals were culled 
from the vaccine vs. control groups at week 21, and splenic 
CD8+ T cells were analyzed using IFN-γ ELISPOT assays 
for their recognition of syngeneic (antigen-presenting) EL-4 
thymoma cells pulsed with individual peptides employed 
in the poly-epitope vaccine (Fig. 2c, d). While T cells iso-
lated from the non-treated control mice failed to recog-
nize any of the vaccine peptides based on IFN-γ secretion 
(Fig. 2c), CD8+ T cell responses against the BRAF679–687, 
EphA2671–679, EphA682–689, Survivin97–104, STAT3309–316 
and VEGFR2615–625 peptide epitopes were readily observed 
after specific vaccination (Fig. 2d, *p < 0.05, **p < 0.01). 
CD8+ T cell reactivity against the STAT3309–316 peptide 
epitope appeared to be most robust within the poly-specific 
CD8+ T cell repertoire of the vaccinated animals (Fig. 2d, 
****p < 0.0001). Despite the ability of the vaccine to elicit 
systemic antigen-specific CD8+ T cell responses in tumor-
bearing mice, the immune composition of the TME of vac-
cinated mice was slightly reduced in CD4+ T cell and CD8+ 
T cell content, with no significant difference in the ratio of 
Treg:CD8+ T cells (Fig. 2e, Supplemental Table 1).

During weeks 21 and 25 of the experiment, spleno-
cytes harvested from animals in the control versus vac-
cine cohorts were also evaluated for their levels of immu-
noregulatory cell populations, including Treg and MDSC 
(Supplemental Fig. 2). We observed that while the fre-
quency of CD4+Foxp3+ Treg was not impacted by thera-
peutic intervention at either time point, the frequency of 
CD11b+Gr1+ MDSC declined (p < 0.05) in the vaccinated 
mice on week 21 (Supplemental Fig. 2). However, this 
reduction in MDSC was completely eroded by week 25, 
with nearly half of all myeloid cells in the spleen exhibit-
ing an MDSC phenotype regardless of prior treatment. 
These experiments indicated that the poly-epitope vaccine 
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failed to provide extended therapeutic benefits to mice 
bearing established 4NQO tumors, most likely due to the 
overwhelming influence of regulatory immune cell popula-
tions (Treg, MDSC).

Monotherapy with cisplatin reduces tumor load 
but not the loss of body weight

We next investigated whether treatment of mice with cis-
platin inhibited disease progression and to what extent 
when compared with the poly-epitope vaccine. As shown 
in Fig. 3a, although monotherapy with cisplatin did not 
result in a significant improvement in body weight, it was 
associated with a reduction in total tumor load (Fig. 3b, 
p < 0.05). Interestingly, treatment with cisplatin only 
impacted the volume of 4NQO-induced tumors in the 
tongue but not the esophagus (Fig. 3c, d). When compar-
ing the monotherapies consisting of poly-epitope vaccine 
vs. cisplatin head-to-head, cisplatin exhibited greater salu-
tary effects on tumor progression, while the vaccine failed 
to significantly impact body mass or tumor load (Fig. 3, 
p > 0.05).

Monotherapy with the A2AR antagonist, ZM241385, 
decreases tumor volume, activates CD8+ T cells and reduces 
the frequency of splenic MDSC

Two cohorts of mice conditioned for 16 weeks with 4NQO 
were treated with either low-dose (0.2 μg/mouse) or high-
dose (0.4 μg/mouse) ZM241385. Treatment with low-dose 
ZM241385 did not preserve body weight (Fig. 4a, NS), 
while limiting progression of disease in the tongue (but 
not the esophagus), with minimal impact on total tumor 
volume (Fig. 4b–d). Higher dosing with ZM241385 also 
did not preserve average body weight (Fig. 4e, NS), but it 
promoted a reduction in total tumor volume (including the 
tongue and the esophagus) when compared to the control 
group (Fig. 4f–h, *p < 0.05 or **p < 0.01). Furthermore, 
at the higher dose, ZM242385 increased the frequency 
of splenic CD8+ T cells responding in the IFN-γ ELIS-
POT assay against the p53 and VEGFR2 peptide epitopes, 
although this degree of enhancement failed to reach sig-
nificance (Fig. 5f; p > 0.05). Therapy with the higher dose 
of ZM241385 also led to a decrease in the frequency of 
MDSC (but not Treg) in the spleen (Supplemental Fig. 3).

Fig. 2   Treatment of OSCC tumor-bearing mice with a poly-peptide 
vaccine results in the induction of specific CD8+ T cells but fails to 
impact disease progression. Mice bearing 16  week pre-malignant 
lesions were treated s.c. with a poly-epitope vaccine on weeks 18, 19, 
20, 22 and 24. In a the average body weights of the vaccine-treated 
mice did not change vs. those of untreated control mice from week 19 
onward (p > 0.05). In b, total tumor volumes (tongue and esophageal 
tumors) were equal in the vaccinated vs. control mice (p > 0.05). In c, 
d IFN-γ ELISPOT data are shown for splenic CD8+ T cells isolated 
from control (c) or vaccinated (d) mice after stimulation with EL4 

thymoma cells presenting individual vaccine peptides or anti-CD3/
anti-CD28 (positive control). The presented data are from one of the 
two independent experiments; *p < 0.05, **p < 0.01, ****p < 0.0001. 
In e OSCC tumors from vaccinated vs. control untreated mice were 
H&E stained [upper panels; tumor is marked by dotted boundary] 
Lower panels show results of fluorescence imaging of immune cell 
infiltrates using directly labeled antibody probes for CD4, CD8 and 
FoxP3. Quantitation of the e fluorescence images is reported in Sup-
plemental Table 1
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Lack of therapeutic benefit for combinatorial therapy 
with high‑dose A2aR ATG plus vaccine

Combination treatment of OSCC-bearing mice with the 
poly-epitope vaccine plus high-dose ZM241385 failed 
to provide statistically superior maintenance of body 
weight over time (Fig. 5a; NS) or to control tumor volume 
(Fig. 5b; NS) when compared to control untreated animals. 
Combining the poly-epitope vaccine with high-dose A2A 
ATG treatment did, however, mildly up-regulate CD8+ T 
cell functionality in ELISPOT assays (data not shown) 
and decrease the frequency of MDSC (but not Treg) in the 
spleen (Supplemental Fig. 3).

Moderate therapeutic effects of combinational therapy 
with cisplatin plus vaccine

The combination of cisplatin and the poly-epitope vaccine 
did not lead to significant recovery of body weight over time 
compared to the control group (Supplemental Fig. 4a; NS) but 
it did significantly reduce total tumor volume and esophageal 
tumor volume (Supplemental Fig. 4b, d; *p < 0.05).

Fig. 3   Modest, but superior impact of treating OSCC tumor-bearing 
mice with cisplatin vs. poly-peptide vaccine monotherapy. In a, the 
average body weight of mice treated with cisplatin did not change 
relative to that in untreated mice, and it was not statistically different 
vs. mice treated with the vaccine (p > 0.05). Treatment with cisplatin 

but not vaccine was associated with significantly reduced total tumor 
volume (b) and the tongue tumor volume (c), but not the esophageal 
tumor volume (d) versus control untreated mice. NS not significant; 
*p > 0.05
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Discussion

Traditional therapeutic modalities have yielded only 
modest clinical benefits and/or unacceptable toxicities 
in the setting of advanced-stage OSCC. The identifi-
cation of novel, more effective intervention strategies 
remains a major unmet clinical need [4]. Over the past 
decade, immunotherapies, including administration of 
ICIs, have provided promising results in patients with 
advanced/metastatic HNSCC [8], supporting a paradigm 

for treatment-induced restoration of anti-tumor immune 
function capable of mediating disease resolution. How-
ever, overwhelming immune suppression in the TME of 
OSCC driven by suppressor cells (Treg, MDSC), suppres-
sive factors produced by the tumor, inhibitory receptor/
ligand interactions and tumor-derived extracellular vesi-
cles (EVs) [39] provides a broad range of therapeutic tar-
gets that may be difficult to address in simplistic therapy 
designs. In view of this overwhelming immunosuppressive 
landscape of OSCC, more effective strategies able to coor-
dinately block a range of inhibitory pathways operational 

Fig. 4   Modest but superior impact of monotherapy with high- vs. 
low-dose A2AR antagonist ZM241385 on OSCC tumor growth. 
OSCC-bearing mice received therapy consisting of low- (0.2  μg/
mouse; a) or high- (0.4 μg/mouse; e) dose A2AR antagonist did not 

change the average body weight vs. untreated control mice (A2AR 
low: NS; A2AR high: NS). In b–d, f–h only therapy with high-dose 
A2AR antagonist lead to significant inhibition of the total tumor vol-
ume of both tongue and esophageal tumors; *p < 0.05, **p < 0.01

Fig. 5   Minimal therapeutic impact for combination treatment using 
poly-peptide vaccination plus high-dose A2AR antagonist (ATG). In 
a, changes over time in average body weights are compared for mice 
receiving the combined therapy vs. untreated controls (p < 0.01 for 

week 26 only; indicated by an asterisk; NS for other time points). In 
b–d while the tumor volumes appear to be smaller in mice receiv-
ing the combined therapy vs. control untreated mice, these differences 
failed to reach significance (NS for all)
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within the TME are necessary. At the same time, these 
strategies must support protective anti-tumor effector 
cell viability and functions. This approach to overcoming 
tumor-induced immune suppression has been previously 
discussed in the literature [40–46].

The current studies were performed to assess the anti-
tumor impact of single- and combined-agent therapies (vac-
cines, cisplatin, A2AR antagonist) on the growth of 4NQO 
carcinogen-induced OSCC in mice. Our study differs from 
other in vivo reports on OSCC immunotherapy [47, 48]. We 
have used an orthotopic mouse tumor model that is immu-
nocompetent and that closely approximates the development 
and histological as well as immunological features of human 
OSCC. Thus, the TME of 4NQO mice appears to be com-
parable to its human counterpart [23]. Further, the model 
affords the benefit of delivering therapeutic intervention at 
the early/pre-malignant stage when lesions are more respon-
sive to therapy than well-established tumors. The advan-
tages offered by the 4NQO model are counterbalanced by 
the extended time span needed for the tumor development, 
although this again is reminiscent of the development of 
human OSCC.

Somewhat disappointingly, the monotherapies that we 
investigated in 4NQO models yielded only modest anti-
tumor benefits that were transient in nature. A comparison 
of the poly-epitope vaccine, cisplatin and A2AR antagonist 
ZM241385 monotherapies did not identify a therapy that had 
superior therapeutic effects. The poly-epitope vaccine was 
competent in promoting activation of antigen-specific CD8+ 
T effector cells (in the spleen), but these T cells appeared to 
be insufficient in numbers or functional activity to overcome 
the immunosuppressive effects of the TME in our OSCC 
model. Only treatment with high-dose ZM241385 led to a 
significant, but transient, reduction in tumor load. This result 
was not unexpected, as the adenosine axis is recognized as 
a major suppressive mechanism in OSCC [49] and is being 
targeted in ongoing phase I clinical trials for head and neck 
cancer [16]. The results of this study serve to remind us that 
in advanced or progressing disease, immune therapies might 
lead to transient “rejuvenation” of anti-tumor immunity; 
however, in the presence of overwhelming tumor-induced 
immune dysfunction, this rejuvenation is unlikely to result 
in effective therapeutic responses to monotherapy or even 
combinatorial therapies.

Surprisingly, combined treatment of OSCC-bearing mice 
with the poly-epitope vaccine + ZM241385 was not thera-
peutically superior to monotherapy with either component. 
It is possible that further optimization of the administered 
drug concentrations or further modification of the schedule 
for delivery of the drug would provide superior anti-tumor 
activity in vivo. For example, future studies could test the 
vaccine in combination with reagents known to target Treg/
MDSC prevalence (i.e., low-dose cyclophosphamide/Ontak/

anti-Gr-1). Nevertheless, given the perception that tumor-
induced immunosuppressive mechanisms are numerous, 
varied and likely to be highly active in progressing tumors, 
combination chemoimmunotherapies will invariably emerge 
as preferred future treatment options for patients with 
OSCC. With this in mind, the 4NQO model should be con-
sidered as a relevant platform for the pre-clinical evaluations 
of prospective therapy designs.
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