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Abstract

The immune system plays a critical role in the establishment, development, and progression of head and neck squamous
cell carcinoma (HNSCC). As treatment with single-immune checkpoint agent results in a lower response rate in patients,
it is important to investigate new strategies to maintain favorable anti-tumor immune response. Herein, the combination
immunotherapeutic value of CTLA4 blockade and SFKs inhibition was assessed in transgenic HNSCC mouse model. Our
present work showed that tumor growth was not entirely controlled when HNSCC model mice were administered anti-
CTLA4 chemotherapeutic treatment. Moreover, it was observed that Src family kinases (SFKs) were hyper-activated and
lack of anti-tumor immune responses following anti-CTLA4 chemotherapeutic treatment. We hypothesized that activation
of SFKs is a mechanism of anti-CTLA4 immunotherapy resistance. We, therefore, carried out combined drug therapy using
anti-CTLA4 mAbs and an SFKs’ inhibitor, dasatinib. As expected, dasatinib and anti-CTLA4 synergistically inhibited tumor
growth in Tgfbri/Pten 2cKO mice. Furthermore, dasatinib and anti-CTLA4 combined to reduce the number of myeloid-
derived suppressor cells and Tregs, increasing the CD8* T cell-to-Tregs ratio. We also found that combining dasatinib with
anti-CTLA4 therapy significantly attenuated the expression of p-STAT3Y’% and Ki67 in tumoral environment. These results
suggest that combination therapy with SFKs inhibitors may be a useful therapeutic approach to increase the efficacy of anti-
CTLA4 immunotherapy in HNSCC.
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The immune system plays a critical role in the establish-
ment, development and progression of HNSCC [3]. The
exhaustion of tumor-infiltrating T lymphocytes has been
reported in many cancers, including HNSCC, and can affect
patients’ clinical prognosis [4]. In addition, myeloid-derived
suppressor cells (MDSCs) and suppressive regulatory T cells
(Tregs) have been associated with HNSCC progression [5].

HNSCC is believed to be associated with immunosup-
pression, characterized by lower counts of tumor-infiltrat-
ing T lymphocytes and poor antigen-presenting function
[6]. Immune checkpoint receptors are an important group
of molecules for immune escape mechanisms in the tumor
microenvironment [7]. A series of receptors have been con-
firmed to be expressed on the surface of dysfunctional T
cells, such as cytotoxic T-lymphocyte antigen 4 (CTLA4),
programmed death 1 (PD-1), and T-cell immunoglobulin
mucin protein 3 (TIM3) [8]. In our previous study, we found
that both T cells and certain myeloid cells express CTLA4
in HNSCC. Moreover, blockade of CTLA4 was shown to
significantly inhibit tumor growth in the chemopreventive
treatment of HNSCC [9].

SRC family kinases (SFKs) are a group of nine intracellu-
larly non-receptor tyrosine kinases, that include c-Src, Fyn,
Lyn, and Yes [10]. Activation of SFKs is critical for cancer
cells proliferation, migration, invasion, angiogenesis, and
metastasis [11]. Therefore, SFKs’ inhibitors are promising
therapeutics for the treatment of cancer. To date, several
SFKs inhibitors, including dasatinib, bosutinib, and sara-
catinib, have been tested in clinical trials [12, 13].

In this study, we found that effect of inhibiting tumor
growth with chemotherapeutic anti-mice CTLA4 is far
less than the chemopreventive effect in Tgfbri/Pten 2cKO
mice. Moreover, there was no obvious increase in T cells
in the tumor microenvironment. Western blotting suggested
the increased expression of SFKs after anti-mice CTLA4
chemotherapeutic treatment. In doing so, we hypothesized
that the inhibition of SRC family kinases could facilitate
chemotherapeutic anti-CTLA4 treatment in Tgfbri/Pten
2cKO mice. Indeed, combining dasatinib and anti-CTLA4
treatment significantly reduced tumor growth and decreased
the number of immunosuppressive cells and increased intra-
tumoral of CD4" and CD8" T cells in the tumor microenvi-
ronment of 7gfbri/Pten 2cKO mice.

Materials and methods

Tgfbri/Pten 2cKO mouse model

All the mice were maintained in specific pathogen-free
condition. All the experimental procedures were approved

by the guidelines of the Institutional Animal Care and Use
Committee of the Wuhan University (2014LUNSHENZI06
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and 2016LUNSHENZI62). Time inducible tissue-specific
Tgfbrl/Pten 2cKO mice (K14-CreER@m+/=, Tofpyjfiov/flox,
Pten /9%y were maintained and genotyped according to
the published protocols [14]. All of the mice were bred on a
FVBN/CD1/129/C57 mixed background.

In vivo mouse studies

Chemopreventive treatment: the mice that were assigned
to treatment group were treated intraperitoneally (i.p.) with
an anti-CTLA4 mAb (9D9; BioXcell: West Lebanon, NH,
USA; 10 mg/kg) on days 12, 15, 18, 21, and 24 (after tamox-
ifen gavage). PBS was used as a negative control for tumo-
rigenesis experiments.

Chemotherapeutic treatment: the treatment group mice
were treated i.p. with the anti-CTLA4 mAb (9D9; BioXcell:
West Lebanon, NH, USA; 10 mg/kg) on days 26, 33, 40, and
47 (after tamoxifen gavage). The control group was treated
with PBS.

Combination treatment: after tamoxifen gavage, all the
mice were randomly divided into four groups (n=35, per
group). For the combination treatment group, the anti-
CTLA4 mAb were i.p. injected at 10 mg/kg on days 26,
28, 35, 42, 49, and 54 (after tamoxifen gavage) and dasat-
inib (Selleckchem) was i.p. injected at 10 mg/kg on days
29-33, 36-40, 43-47, and 50-54 (after tamoxifen gavage).
For alone anti-CTLA4 mAb treatment group, the mice were
treated with the anti-CTLA4 mAD (i.p. at 10 mg/kg) on days
26, 33, 40, 47, and 54 (after tamoxifen gavage). For alone
dasatinib treatment group, the mice were injected on days
26-30, 33-37, 4044, 47-51, and 54 (after tamoxifen gav-
age). The mice of control group were treated with PBS.

For all of the mice, general inspection and monitoring
were carried out every day. The tumor volume was meas-
ured using a micrometer caliper and by taking photographs
every other day. The endpoint was determined according to
a systematic evaluation by the veterinarian. The mice were
euthanized at the end of the studies. For subsequent immu-
nostaining or Western blot, the tumor tissues were fixed in
formalin overnight or frozen at — 80 °C.

Flow cytometry

Single-cell suspensions were obtained from the tumor of
Tgfbrl/Pten 2cKO mice. To determine the numbers of
MDSCs, the cells were stained with FITC-conjugated anti-
CD11b and PE-conjugated anti-Gr-1 (Becton-Dickinson,
Mountain View, CA, USA) antibodies. For T-cell analysis,
cells were cultured with cell simulation cocktail (eBiosci-
ence, San Diego, CA, USA) for 5 h, and then, the cultures
were harvested, fixed and permeabilized with fixation
and permeabilization buffers (eBioscience, San Diego,
CA, USA). The cells were stained with FITC-conjugated
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anti-CD4 and anti-CD8 (Becton-Dickinson, Mountain View,
CA, USA) antibodies as well as a PE-conjugated anti-IFN-y
(eBioscience, San Diego, CA, USA) antibody. For Tregs
analysis, the cells were surface stained with FITC-conju-
gated anti-CD4 (Becton-Dickinson, Mountain View, CA,
USA) and then fixed and permeabilized using the Foxp3/
Transcription Factor Staining Buffer (eBioscience, San
Diego, CA, USA), and subsequently stained with Percp-
cyS.5-conjugated anti-Foxp3 (eBioscience, San Diego, CA,
USA). All isotype-matched IgG controls were purchased
from eBioscience. Death cells were excluded by staining
Fixable Viability Dye eFluor™ 506 (eBioscience, San
Diego, CA, USA). The data were analyzed using FlowJo
(Tree Star), and gated by the side scatter and forward scat-
ter filters.

Western blot

Tumor tissues from Tgfbri/Pten 2cKO were carefully dis-
sected. Protein concentrations were measured according to
a BCA assay (Thermo Scientific, USA) generated standard
curve. A total amount of 30 pg protein was denatured and
then subjected to 12% SDS-polyacrylamide gel electropho-
resis followed by transfer onto polyvinylidene fluoride mem-
branes (Millipore Corporation, Bil-lerica, MA, USA). The
membranes was incubated with primary antibodies, washed,
and then probed with secondary antibodies. Next, the blots
were stained using an enhanced chemiluminescence detec-
tion kit (West Pico, Thermo, USA). The following antibod-
ies were used for Western blot: SRC, p-SRCY416, FAK, and
p-FAKY76577 and STAT3, and p-STAT3Y7% (Cell signalling
Technology, USA). GAPDH (Cell signalling Technology,
USA) was used as a loading control.

Immunofluorescence

Tumor sections were rehydrated in alcohol, washed three
times in PBS, retrieved using sodium citrate in a pressure
cooker, blocked with 2.5% bovine serum album in PBS
buffer for 1 h at 37 °C, and were incubated with primary
antibodies (anti-CD4, anti-CDS8, and CK-14) overnight at
4 °C, then with the secondary antibodies, and mounted in
Vectashield with 4', 6-diamidino-2-phenylindole (DAPI;
Vector Laboratories). Fluorescence images were captured
using laser scanning confocal microscope (Olympus, Japan).
We used the following antibodies: anti-CD4 (Bio-Rad),
anti-CD8 (BD Biosciences), CK-14 (PROGEN, Germany),
Alexa 488 anti-Guinea Pig IgG (H+L) (Jackson ImmunoRe-
search), and Alexa 594 anti-rabbit IgG (Invitrogen, USA).
Cell count from ten frames of invasion front was used to
calculate counts per square millimeter. The mean value of
the ten frames represents the cell count of the section. In

addition, the cell count was performed by two individual
laboratory technicians.

Immunohistochemistry

First, the 4-um-thick tumor sections were deparaffinized and
rehydrated. Then, for the purpose of antigen retrieval, the
sections were boiled in sodium citrate (pH 6.0) or 1-mM
ethylene diamine tetra acetic acid (EDTA). Next, the sec-
tions were incubated overnight at 4 °C with primary antibod-
ies: p-SRCY*1® p-STAT3Y’% (Cell signalling Technology,
USA), and Ki-67 (Dako, Denmark). The sections were then
incubated with a secondary biotinylated immunoglobulin G
antibody solution and an avidin—biotin—peroxidase reagent.
Finally, after three times washes with phosphate-buffered
saline, the sections were lightly counterstained with May-
er’s haematoxylin (Invitrogen, USA). All the sections were
scanned by Aperio Image Scope scanner (CA, USA) and
quantified by Aperio Quantification software (version 9.1)
for nuclear, membrane, or pixel quantification. Then, we
selected ten areas of interest in the tumor tissue section and
calculated the histoscores as previously described [15]. The
mean value of the ten areas represented the histoscores of
the section.

Statistical analysis

Data analyses were carried out using Graph Pad Prism ver-
sion 5.0 for Windows (Graph Pad Software Inc, La Jolla,
CA, USA). Differences between two groups were analyzed
by a two-tailed Student’s ¢ test. Differences between three
or more group were analyzed by one-way ANOVA fol-
lowed by the post-Tukey’s multiple comparison tests and
unpaired ¢ test was used to analyze significant difference.
Dates are represented as the mean+ SD. P values of <0.05
were considered statistically significant. All results shown in
the manuscript are representative of a repeated experiment
with similar results.

Results

Anti-CTLA4 treatment is far less effective in tumor
growth inhibition when used chemotherapeutically
than chemopreventively

Given our previous research finding showing that chemo-
preventive anti-CTLA4 treatment significantly inhibits
tumor growth and reverses the immunosuppression seen
in the microenvironment of 7gfbrl/Pten 2cKO mice [9],
we sought to study the effect of chemotherapeutic anti-
CTLAA4 for treatment of HNSCC in this model. In the cur-
rent study, we, therefore, carried out chemopreventive and
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chemotherapeutic anti-CTLA4 treatment in Tgfbri/Pten
2cKO mice model. The mice received anti-CTLA4 treat-
ment at 12 days after tamoxifen gavage consistent with our
previous study (Fig. 1a) [9]. Chemopreventive anti-CTLA4
treatment effectively inhibited tumor growth (Fig. 1b). In
chemotherapeutic treatment experiment, the mice were
injected anti-CTLA4 at 26 days after tamoxifen gavage
(Fig. 1c). Although chemotherapeutic treatment exhibited
some degree of inhibition of tumor growth, compared with
control group, the desired strong inhibition was not observed
(Fig. 1d), leading us to explore why lead to this situation.

Patterns of intratumoral immune cell populations
after therapeutic anti-CTLA4 treatment

Our previous study has indicated that CTLA4 blockade
reduced MDSCs as well as Tregs and increased CD8% T
cells in the tumor microenvironment after chemopreventive
treatment [9]. In the current study, the number of MDSCs
also decreased after chemotherapeutic anti-CTLA4

treatment in 7gfbrl/Pten 2cKO mice (Fig. 2a, b). In addi-
tion, serial tumor biopsies, which were taken at the end-
point of the treatment, were stained for CD4 and CD8 by
immunofluorescence (Fig. 2e; see Additional file 1: Figure
S1). We found that chemotherapeutic anti-CTLA4 treat-
ment does not lead to a strong increase in infiltrating CD4™*
and CD8™ T cells in the tumor microenvironment (Fig. 2f,
g). The number of CD8" T cells was similarly confirmed
by flow cytometry (Fig. 2a). Meanwhile, we analyzed the
levels of IFN-y from CD8* T cell and CD4*FoxP3™" Tregs,
finding that chemotherapeutic anti-CTLA4 treatment did
not significantly increased the levels of IFN-y from CD8"
T cells (Fig. 2a, c). Furthermore, we assessed the ratio of
CDS8* T cell to CD4*tFoxP3™ Tregs in the tumor (Fig. 2d),
finding no significant difference between the ratio in the
treatment group and control group. These results demon-
strated that chemotherapeutic anti-CTLA4 could improve
the anti-tumor immunity, but to an insufficient degree to
control the tumor.

a Chemopreventive b Chemopreventive
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Fig. 1 Therapeutic effects of chemopreventive and chemotherapeu-
tic anti-CTLA4 treatments. a Chemopreventive therapy schematic
illustration. Tgfbri/Pten 2cKO mice were administered tamoxifen
for 5 consecutive days. Anti-mice CTLA4 mAb or PBS were admin-
istered i.p. on days 12, 15, 18, 21, and 24 after tamoxifen gavage.
Tumor growth was monitored for up to 5 weeks. b Tumor growth
curves of anti-mice CTLA4 and PBS group. The data are represented
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as mean=+SD, n=5 (¥**p<0.001; *p<0.05). ¢ Chemotherapeutic
treatment schematic illustration. Tgfbril/Pten 2cKO mice were admin-
istered tamoxifen for 5 consecutive days. Anti-mice CTLA4 mAb
or PBS were administered intraperitoneally on days 26, 33, 40, and
47 after tamoxifen gavage. Tumor growth was monitored for up to
6 weeks. d Tumor growth curves of anti-mice CTLA4 and PBS. The
data are represented as mean+SD, n=5 (¥p <0.05)
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Fig. 2 Influence of chemo-
therapeutic anti-CTLA4 on

the tumor microenvironment.

a Representative flow cytom-
etry staining of CD11b*Gr-1*
MDSCs and CD8™ T cells.

Also shown are the number

of IFN-y producing CD8* T
cells and CD4*FOXP3* Treg

in the tumor. b Percentages of
CD11b*Gr-1" MDSCs in the
gated population from tumor.
The data are represented as
mean+SD, n=5 (**p<0.01). ¢
Percentages of number of IFN-y
producing CD8" T cells in the
tumor. The data are represented
as mean +SD, n=5 (ns not sta-
tistically significant). d Ratio of
CD8* T cell-to-CD4*"FOXP3™*
Treg in the tumor. The data are
represented as mean+SD, n=5
(ns not statistically significant).
e Representative immuno-
fluorescence image for CD4™*
and CD8™ T cell in the tumor
microenvironment after anti-
mice CTLA4 or PBS treatment.
Scale bar 50 um. f Quantifica-
tion of CD4™ cells in tumor
from anti-mice CTLA4 or PBS
treatment groups. The data are
represented as mean+SD, n=5
(ns not statistically significant).
g Quantification of CD8" cells
in tumor from anti-mice CTLA4
or PBS treatment groups.

The data are represented as
mean+ SD, n=>5 (ns not statisti-
cally significant)
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tyrosine kinases, are involved in tumor progression, such
as the epithelial-to-mesenchymal transition and cancer stem
cells. Using the STRING database, we generated in silico
prediction for the protein—protein interactions for SRC and
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LYN. Interestingly, both SRC and LYN are the first neigh-
bor protein—protein interaction with CTLA4 (see Additional
file 2: Figure S2). Taken together with the literature and data
supporting the combined effect of SFKs inhibitor and other
chemotherapeutic agent and the bioinformatics evidence for
the relationship between SFKs and CTLA4, we tested the

Fig.3 Difference in SRC family
protein levels after chemopre-
ventive and chemotherapeutic
anti-mice CTLA4 treatments.

a

Control

Chemopreventive

aCTLA4

phosphorylation level of SFKs after chemopreventive and
chemotherapeutic antiCTLA4 treatment. Chemopreventive
treatment resulted in decreases in the expression level of
p-SRCY* (Fig. 3a). In contrast, chemotherapeutic treatment
promoted the expression of p-SRCY*!6 (Fig. 3b). Further-
more, after chemotherapeutic anti-mice CTLA4 treatment
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in the tumor tissue, we found that SFKs expression level
was increased, but the Ki67 was not decreased (Fig. 3c—e).
We, therefore, speculated that inhibition of SFKs promotes
anti-CTLA4 immunotherapy for HNSCC.

Dasatinib has combinatorial activity
with anti-CTLA4 in the Tgfbr1/Pten 2cKO mouse
model

We next assessed the combination of dasatinib and CTLA4
inhibition in our 7gfbri/Pten 2cKO mice. Anti-CTLA4 treat-
ment began on day 26 after tamoxifen gavage. The specific
drug delivery strategies are shown in Fig. 4a. While dasatinib
and anti-CTLA4 alone exhibited anti-tumor effects in this
mouse model, the combination of dasatinib and anti-CTLA4
resulted in significantly greater tumor growth inhibition
(Fig. 4b, c¢). Tumor growth in each mouse in the combination

Fig.4 Combination therapeutic a Yhedy
effect of dasatinib and anti-
mice CTLA4 mAb in Tgfbrl/ Days: 0 5
Pten 2cKO HNSCC mouse

model. a Schema of treatment.

The mice received gavage of
tamoxifen for 5 consecutive b
days. Anti-CTLA4 mAb were

treatment group was strongly inhibited (Fig. 4d). In addi-
tion, mice tolerated the combination treatment well, with no
apparent weight loss (see Additional file 3: Figure S3).

Combining dasatinib and anti-CTLA4 reduced
immunosuppressive cells and increased
intratumoral CD4* and CD8" T cells in the tumor
microenvironment

To study the effects of dasatinib alone, anti-CTLA4 alone
or a combination treatment, we compared MDSCs, Tregs,
CD4%, and CD8" T-cell counts in the tumor microenviron-
ment. Using flow cytometry, we detected that the immu-
nosuppressive MDSCs were significantly decreased in
each treatment group (Fig. 5a, b). In combination group,
there was a notable increase in the number of CD8" T
cells, compared with either treatment alone (Fig. 5a, b).
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b Representative images of a
tumor from 7gfbri/Pten 2cKO
HNSCC mice treated with PBS,
alone anti-mice CTLA4 mAb,
alone dasatinib, combining
anti-CTLA4 mAb and dasatinib
treatment at days 21 and days
48 after tamoxifen gavage. ¢
Tumor volume of mice in the
four different groups (n=>5 each
group, The data are represented
as mean + SD, ***p <0.001).
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Fig.5 Patterns of intratumoral
immune cell populations after
combination therapy with
dasatinib and anti-CTLA4
mAb. a Single-cell suspen-
sions from tumors were stained
for CD11b*Gr-1* MDSCs;
CDS8* T cell after single or
combination treatment. In
addition, the numbers of IFN-y
producing CD8* T cells and
CD4"FOXP3* Tregs were
determined. b The percent-
ages of CD11b*Gr-1T MDSCs
in the gated population from
tumor (left); the percentages

of number of IFN-y produc-
ing CD8* T cells in the tumor
(middle); and the ratio of CD8"*
T-cell-to-CD4tFOXP3* Tregs
in the tumor (right) (the data
are represented as mean + SEM,
n=>5. *p<0.05; **p<0.01;
*#*#%p <0.001). ¢ Representa-
tive immunofluorescence image
of CD4* and CD8* T cells in
tumor microenvironment after
PBS, alone anti-CTLA4 mAD,
alone dasatinib, or combination
treatment. Scale bar 50 um. d
Quantification of CD4" cells

in tumor from PBS, alone anti-
CTLA4 mAD, alone dasatinib,
or combination treatment
groups. The data are represented
as mean+SD, n=5 (**p<0.01;
*#*%p <0.001). e Quantification
of CD8" cells in tumor from
PBS, alone anti-CTLA4 mAb,
alone dasatinib, or combination
treatment groups. The data are
represented as mean+SD, n=5
(*p<0.05; ***p <0.001)

Meanwhile, the IFN-y secretion of CD8* T cells was also
enhanced in the combination treatment group (Fig. 5a, b).
Another immunosuppressive cell type (Tregs, measured
by Foxp3™ and CD4%) were changed less than 1.8-fold for
control group, 1.4- and 1.4-fold, respectively, compared
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with dasatinib treatment group and anti-CTLA4 treatment
group (Fig. 5a). Moreover, the ratio of CD8:Tregs has been
observably improved in the combination treatment group
(Fig. 5b). These data suggested that anti-tumor immunity has
been enhanced after combining dasatinib and anti-CTLA4
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treatment. Indeed, we observed infiltration of CD4% and
CDS8* T cells in the tumor microenvironment (Fig. 5c—e;
see Additional file 4: Figure S4).

The combination of dasatinib and anti-CTLA4 leads
to down-regulation of STAT3 phosphorylation

and reduced proliferation of tumor cell in this
mouse model

We next tested the relative protein expression in each group
by western blot. As expected, SFKs signalling protein of

p-SRCY*1® and p-FAKY>"%577 showed notable decrease in
the combination treatment group (Fig. 6a). An unexpected
finding was pronounced that STAT3 phosphorylation was
gradually inhibited by dasatinib alone, anti-CTLA4 alone, or
the combination treatment (Fig. 6a). The expression of these
proteins was quantified (Fig. 6b), and changes in p-SRCY*!6
and p-STAT3Y"% expression were also assessed via immu-
nohistochemistry (Fig. 6¢, d). In addition, we observed syn-
ergistic inhibition of tumor proliferation in the combination
treatment group (Fig. 6c, d).
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Discussion

Here, we report that the activation of SRC family protein
can probably limit anti-CTLA4 chemotherapeutic efficacy
in Tgfbri/Pten 2cKO mice. Using this model, we found
that combinational treatment with SRC inhibitor and anti-
CTLA4 monoclonal antibody could effectively inhibit tumor
growth in Tgfbri/Pten 2cKO mice. Dasatinib effectively
blocked the activation of SRC family proteins. We observed
the increase in p-SRCY*!® protein level after anti-CTLA4
chemotherapeutic treatment, and this effect was prevented
by dasatinib. In addition, we were surprised to observe the
down-regulation of p-STAT3Y"% protein level. Cell popula-
tion analysis suggested combining anti-CTLA4 and dasat-
inib treatment enhanced anti-tumor immunity by decreasing
the number of MDSCs and Tregs, and increasing CD4" and
CDS8* T cells in the tumor microenvironment. Meanwhile,
the combination of anti-CTLA4 and dasatinib improved the
IFN-y secretion of CD8* T cells.

CTLAA4 is primarily expressed on the surface of T cells
and plays a negative role in T-cell activation [16]. Inhibit-
ing CTLA4 using anti-CTLA4 monoclonal antibody is a
promising therapeutic strategy for improving the anti-tumor
immune response. Up to now, several anti-CTLA4 monoclo-
nal antibodies have been approved to treat certain malignant
tumors, such as melanoma, prostate cancer, and non-small-
cell lung cancer [17-19]. Unfortunately, the patient response
rate for CTLA4 inhibitors in clinical practice is not very
high. For example, approximately only 20% of patients with
metastatic melanoma who accepted ipilimumab treatment
have a greater than 5-year survival time [20]. Therefore,
the mechanism of resistance to cancer immunotherapy is
an urgent problem that requires a solution to improve clini-
cal outcomes. On-going studies suggest that both tumor
cell intrinsic and extrinsic factors contribute to the resist-
ance of cancer immunotherapy. Tumor cell intrinsic factors
that inhibit the anti-tumor immune response include over-
expression or down-regulation of certain genes and signal-
ling pathways in tumor cells [21]. A number of tumor cell
intrinsic mechanisms have recently been confirmed, such
as activation of the PI3K signalling pathway and down-
regulation of the IFN-y signalling pathway [22, 23]. In the
current study, we observed the over-activation of SFKs after
anti-CTLA4 chemotherapy in our HNSCC mouse model.
SFKs can promote tumor cell survival and invasion, and
can exert a profound effect on the tumor immune microen-
vironment [24, 25]. Dasatinib is a small molecule tyrosine
kinase inhibitor that exerts a dual inhibition on BCR-ABL
and SFKs signalling [11]. Dasatinib has been reported to
inhibit tumor cell duplication and to promote tumor cell
death in multiple cancer types [26, 27]. Our work and other
study have consistently found that dasatinib significantly

@ Springer

inhibits tumor growth in HNSCC in vitro and in vivo [28,
29]. These results indicate that the activation of SFKs may
be a mechanism for anti-CTLA4 immunotherapy resistance.
Interestingly, anti-CTLA4 treatment showed different effects
on SFKs signalling in prophylactic setting and chemothera-
peutic setting. According to recent in vivo studies, it has
shown that SFKs may have the possibility to regulate tumor
progression more than to initiate neoplasia [30-32]. These
may indicate that anti-CTLA4 treatment may effectively
inhibit tumor initiation in the prophylactic setting, which
lead to the inhibitory effects on SFKs pathway. However,
in the chemotherapeutic treatment, anti-CTLA4 mAb was
administrated after tumor initiation as well as the activation
of SFKs. Under these circumstances, the molecular interac-
tion network is complex. It remains further investigations to
explain the potential mechanisms.

Meanwhile, MDSCs, Tregs, and other immune suppres-
sive cells, which can act as tumor cell extrinsic factors,
play another considerable role in cancer immunotherapy
resistance [33]. In our tumor-bearing mice, we found that
a significant number of MDSCs and Tregs infiltrate in the
tumor microenvironment [14, 34]. A number of studies have
shown that the depletion of MDSCs or Tregs from the tumor
microenvironment can improve or rescue anti-tumor immu-
nity [35, 36]. However, after anti-CTLA4 chemotherapeutic
treatment, the number of Tregs was not dramatically reduced
in our HNSCC mice model, and nor did tumor size decrease.
The existing research shows that the result of anti-CTLA4
therapy was shown to increase the ratio of CD8* T cells to
Tregs [37]. If immunotherapy is unable to increase this ratio,
the tumor is likely to be resistant to treatment. In the current
study, single anti-CTLA4 treatment alone was insufficient
to increase the ratio of CD8* T cells to Tregs in our mouse
model. Based on our group previous study [29], in which
dasatinib was found to successfully inhibit tumor growth by
reducing MDSCs and Tregs counts, we carried co-treated
mice with anti-CTLA4 mAbs and dasatinib. As expected,
dasatinib rescued the anti-CTLA4 immunotherapy resist-
ance and significantly inhibited tumor growth in mice model.

Cell proliferation plays a central role in tumor survival
and growth [38]. In this study, single anti-CTLA4 mAbs
or dasatinib treatment did not significantly reduced the
expression of Ki-67. In addition, we found that the change
of p-STAT3Y"% expression correlated with the expression of
Ki-67. The JAK/STAT?3 signalling pathway regulates many
tumor biological processes, such as proliferation, angiogen-
esis, and invasion [39]. We speculated that the expression of
Ki-67 was regulated by STAT3 activation. Notably, combi-
nation therapy with anti-CTLA4 mAbs and dasatinib treat-
ment effectively reduced the expression of p-STAT3Y’% and
Ki-67 in our mice model.

The drug resistance of tumor is an urgent clinical prob-
lem and combination drug therapy is one of the strategies to
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address this issue. Overcoming resistance to immunotherapy
is currently being studied. Specifically, there are many com-
bination treatment strategies is being tested in clinical tri-
als, such as combination checkpoint blockade, checkpoint
blockade plus immune-stimulatory agent and checkpoint
blockade plus targeted therapies [21]. The elucidation of
immunotherapy resistance mechanism will bring new hope
for patients with malignant tumor.

In summary, we validated that a combination of anti-
CTLA4 mAbs and dasatinib therapy is an efficacious thera-
peutic in 7gfbri1/Pten 2cKO mouse model. Further studies on
changes in the tumor microenvironment and the mechanism
of protein regulation may provide important clues for future
clinical application in humans.
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