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Abstract
Objective: To investigate the therapeutic resistance mechanism of oral squamous cell carcinoma (OSCC)
to the PARP inhibitor olaparib and explore the combination with the BET inhibitor JQ1 to enhance its
treatment effects.

Material and Methods: Cell proliferation, apoptosis and cell cycle distribution were evaluated. Levels of
relevant factors were determined by quantitative real-time PCR, western blot and immuno�uorescence.
The effect of the combination treatment on xenograft OSCC mouse model was examined.

Results: Cal27 cells were more sensitive to the PARP inhibitor olaparib than Scc25 cells. Functional
assays demonstrated that olaparib induced HR repair and upregulated PD-L1 expression, which results in
drug resistance of OSCC to olaparib. Variations of these factors in the two cell lines may explain different
sensitivity to olaparib. Moreover, the JQ1 BET inhibitor and olaparib synergistically exhibited anti-cancer
effects in OSCC in vitro and in vivo and inhibited essential HR repair factors RAD51, BRCA1, and TOPBP1
through the ATR/CHK1 pathway and immune suppression mediated by the PD-L1 pathway.

Conclusions: Elevated HR and PD-L1 are involved in resistance mechanisms of OSCC to olaparib,
attenuating its anti-tumor effects. Our results suggest that the strong synergistic anti-cancer effects of
the combination of olaparib with the JQ1 BET inhibitor in OSCC in vitro and in vivo may be via
suppression of the ATR/CHK1-mediated DNA damage response and PD-L1-related immune escape,
indicating this combination strategy as a possible therapeutic approach for OSCC.  

Introduction
OSCC is a usual cancer and affects nearly 500,000 patients annually worldwide [1]. Although recent
advances in treatment methods of OSCC have generated promising avenues for therapeutic intervention,
the average 5-year survival rate is still approximately 50% [2]. Therefore, more effective drugs are needed
for OSCC patients.

The PARP enzyme family in�uences speci�c target proteins and plays an important role in wide range of
cellular processes [3, 4]. Previous research demonstrated that PARP is correlated with the aggressiveness
of many cancers including OSCC [5, 6], indicating that PARP inhibitors tend to be effective in cancer
treatment. Although PARP inhibitors have shown promoting effects against some malignant tumors,
research has shown that they remains a clinical hurdle due to the emergence of intrinsic and acquired
resistance in some tumors [6-8]. Thus, preventing and overcoming PARPi resistance in patients would
de�nitely improve the outcome of the treatment. Our study enclosed that PARP inhibitor olaparib was
unable to inhibit proliferation at tolerated doses in OSCC cells and cell-derived xenografts when it was
used as a single agent, underscoring the requirement for combination approaches. To date, however, the
molecular mechanisms underlying tumor resistance to PARP inhibitors remain unclear.
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Homologous recombination (HR) is a kind of the most accurate DNA repair mechanisms which is not an
all-or-nothing phenomenon, but that HR competency comes on a spectrum that ranges from complete
de�ciency to pro�ciency [9, 10]. Previous studies showed that HR-de�cient cancer cells are relatively more
sensitive to the treatment of PARP inhibitors, which indicates that impairing the pro�ciency of HR in
OSCC is crucial for maximizing treatment effects. RAD51, BRCA1 and TOPBP1 are three critical tumor
suppressors crucial for DNA double strand break (DSB) repair and promoting the progression of
cancers [11, 12] [13, 14]. Therefore �nding strategies which could selectively suppress these factors in
tumors, sensitizing HR-pro�cient tumors to olaparib and bene�ting the patients. 

Current research has manifested that conventional anticancer therapies in�uence tumor-targeting
immune responses and indicated that the treatment of PARP inhibitors are associated with immune
escape, which has negative effects on drug responses in some tumors [15-17]. Thus, describing the
crosstalk regarding anticancer treatments and drug-related immunity precisely could result in better
combinatorial methods. Programmed death-1 (PD-1) and its ligand (PD-L1) take part in inhibiting
autoimmunity, and their overexpression causes poor prognosis in many kinds of cancers [18-20].Although
PD-1 and PD-L1 are particularly important in cancer progression, it is hard to regulate their expression as
the use of immune checkpoint therapies targeting them continue to show limited durable success in
clinical cases. Previous reports showed that there is an increase of PD1/PD-L1 as a reaction to DNA
damage in some tumors [21, 22], which suggests that PD-L1 mediated pathway may also be regulated by
DNA damage drugs including PARP inhibitors, but whether it plays a similar role in OSCC is still
unknown. 

BET family proteins can associate with mitotic chromosomes and control some signi�cant genes
through attracting transcription factors [23], BET bromodomain inhibitors including JQ1, exhibiting
antitumor activities in a range of preclinical models of many tumors [24]. BRD4 have been implicated in
DNA replication and DNA damage responses in some tumors and it was also augmented by PARPi in our
study, which allowed us to hypothesize that, in OSCC, targeting BRD4 simultaneously could overcome
PARPi resistance by depleting relative genes expressions.

In our experiments, we detected the resistance mechanisms of PARP inhibitor olaparib in OSCC,
additionally, examining the potential bene�t and valid evidence of combination treatment with the BET
inhibitor such as JQ1. 

Materials And Methods
2.1 Cell culture

OSCC cells were provided by Shanghai Ninth People’s Hospital, culturing in high glucose DMEM (Hyclone,
Logan, UT, USA) supplemented with 10% fetal bovine serum at 37°C in a humidi�ed incubator containing
5% CO2.

2.2 Reagents and antibodies
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The BET inhibitor JQ1and PARP inhibitor olaparib were bought from Selleck Chemicals (Houston, TX,
USA).Relevant antibodies used in this study: primary antibodies against caspase 3 (#9662), cleaved
caspase 3 (#9664), BRCA1 (#9010), TOPBP1 (#14342), P-CHK1 (#2348), CHK1 (#2360), ATR (#13934),
PD-L1 (#13684), p53 (#32389), p-p53 (#211061) and secondary antibody (#7076) from Cell Signal
Technology (CST, Danvers, MA, USA); and anti-BRD4 (ab128874), anti-RAD51 (ab133534) and anti-
GAPDH antibodies (ab8226) from Abcam (St. Louis, MO, USA).

2.3 Colony formation assay
OSCC cells were cultured in 6-well plates at a density of 2000 cells/ well, and then treated Cal27 cells with
5 µM olaparib ± 0.2 µM JQ1, While dealing Scc25 cells with 20 µM olaparib ± 1 µM JQ1. After 48 h of
culture, cells were �xed, with staining, photographing and counting subsequently.

2.4 Cell viability assays
Cell proliferation was detected with CCK-8 (Dojindo, Japan). Cells were cultured and treated with olaparib
with or without JQ1 for 1–4 d. Next, adding CCK-8 solution and incubating for 0.5-1 h, after which
measuring densities, at 450 nm. The half maximal inhibitory concentration (IC50) was calculated by
GraphPad Prism software (GraphPad Software, La Jolla, CA, USA) and combination index (CI) was
acquired by CalcuSyn software. 

2.5 Apoptosis analysis
OSCC cells were cultured at 5 × 105 cells/well and treated with olaparib, JQ1 or the combination for 2 d.
After staining with PE (BD Biosciences, San Jose, CA, USA), the proportion of apoptotic Cal27 and Scc25
cells were examined by FACS (BD Biosciences, Franklin Lakes, NJ, USA). 

2.6 Cell cycle analysis
OSCC cells were seeded and treated by different inhibitors. After 48 h, staining cells with propidium iodide
(PI, BD Biosciences) and measuring cell cycle with a �ow cytometer.

2.7 Immuno�uorescence
OSCC cells were dealt with olaparib and JQ1 alone or in combination, and then cells were �xed with 4%
paraformaldehyde and 0.1% Triton X-100. Staining cells with rabbit anti-human RAD51 antibody (1:250)
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and PD-L1 antibody (1:250) overnight. After that cells were analyzed and images were obtained with a
Leica �uorescence microscope.

2.8 Flow cytometry
Cal27 and Scc25 cells were cultured for 48 h in different inhibitors. Cells were trypsinized, washed with
PBS solution, and blocked with PBS containing 10% FBS. 2×105 cells were incubated with anti-PD-L1 and
anti- RAD51 for 30 min at 4 °C. After repeated washing, cells were resuspended in 500 μl of PBS and
analyzed on a FACS �ow cytometer (BD Biosciences, Franklin Lakes, NJ, USA).

2.9 Quantitative RT-PCR (qRT-PCR)
OSCC cells were cultured and treated with olaparib, JQ1 or the combination for 48 h. Extracting RNA with
TRIzol reagent (TaKaRa Biotech, Shiga, Japan) and reversing transcribed into cDNA with Reverse
Transcriptase kit (TaKaRa Biotech). qRT-PCR reactions were performed using the SYBR® Premix Ex Taq
kit (TaKaRa Biotech) on a Roche 480 LightCycler (Basel, Switzerland). GAPDH mRNA served as the
reference. 

2.10 Western blotting analysis
After treating, cells were lysed in lysis buffer containing 1% PMSF (Beyotime, Shanghai, China) for 30
min. Equal amounts of proteins were separated, with transferring to a 0.45 µm membrane (GE HealthCare
Life Science, Germany) for 1 h at 100 V. Membranes were incubated in 3% nonfat milk for 1 h and then
were incubated overnight at 4°C with primary antibodies. Membranes were then incubated with
secondary antibodies for 1 h. Immunoreactive bands were visualized by ECL detection reagents. 

2.11 Xenograft OSCC mouse models
Six-week-old immunode�cient mice were purchased from Vital River Laboratories (Beijing, China). All
mice were handled according to protocols approved by the ethics committee of Shandong University and
Sichuan University. For experiments, 1 × 107 Cal27 and Scc25 cells were combined with Matrigel
(Corning, NY, USA) injecting at the right �anks of mice. Mice were randomized into four groups and
treated as follows when volume of tumors reached about 150–250 mm3, approximately one week later:
control with vehicle (10% captisol), JQ1 (20 mg/kg), olaparib (50 mg/kg) or the combination (n=4 per
group). The gap time was two days between every injections and injected for 3 times in total. At the end
of the experiments, dissecting tumors and analyzing.   
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2.12 Immunohistochemistry
Tumor samples from mice were dissected and prepared according to the following protocol for
immunohistochemical staining. Para�n sections were depara�nized in xylene, followed by 100, 95 and
70% ethanol. Antigen was unmasked by boiling in citric buffer. Endogenous peroxidase was removed
from the sections by addition of 3% H2O2 in distilled water. Sections were blocked with monoclonal
rabbit anti-human PD-L1 antibody (1:50; 13684T; Cell Signaling Technology) and RAD51 (1:200;
Ab133534; ABCOM). After washing with PBS, slides were incubated with horseradish peroxidase-
conjugated goat anti-rabbit IgG for 30 min, followed by reaction with diaminobenzidine and
counterstaining with Mayer’s haematoxylin. On light microscopy, positive PD-L1and RAD51
immunostaining was based on positive nucleus staining. The average integral optical density (IOD) of
�ve randomly selected �elds at ×400 magni�cation was quantitatively assessed by using one-way
ANOVA Immunostaining

Results

3.1 Elevated HR and PD-L1 expression is
responsible for PARPi resistance.
According to our test in Fig3a by GraphPad Prism software, the IC50 values of olaparib in Cal27 and
Scc25 cells were 36 µM and 98 µM at 48h, respectively, indicating that the sensitivity of Cal27 cells to
drug was relatively stronger than Scc25 cells. Then the CCK8 assays veri�ed that olaparib alone had no
signi�cance effect on OSCC cells’ survival. (Figure_1A) 

To search for potential resistance mechanism, treating cells with olaparib at various concentrations and
evaluated levels of RAD51, BRCA1 and TOPBP1, observing that the upregulation of these genes obviously
compromised the olaparib-mediated killing effects. In Cal27 cells, 5 µM olaparib treatment resulted in
increased RAD51, BRCA1 and TOPBP1 (Figure_1B, 1C), causing drug resistance to olaparib as shown in
Figure_1A. Similar results were observed in response to 10 µM, although to a lower degree compared with
5 µM olaparib, which can help explain why the treatment effect of 10 µM was better than 5 µM olaparib in
CCK8 assay. In Scc25 cells, olaparib at either 10 µM or 20 µM upregulated the expression of RAD51,
BRCA1 and TOPBP1 obviously, so the treatment effect of olaparib was worse than that in Cal27 cells.
(Figure_1B)

To further explore the mechanism of olaparib resistance in OSCC, we examined the PD-L1 expression and
it was consistent with HR-related proteins. (Figure_1B) We also examined the mRNA expressions of
RAD51 and CD274 (PD-L1), which had the same trend of proteins in both cell lines. (**P < 0.01, *P < 0.05,
Figure_1C) 
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Moreover, BRD4 expression was also upregulated by olaparib, which indicated the opportunity that we
might use BET inhibitor to augment treatment effect of olaparib in OSCC. (Figure_1B)

Together these results indicated that the PARP inhibitor olaparib induced enriched HR-mediated DNA
damage response as well as high PD-L1 expression, counteracting drug’s killing effects and resulting in
acquired resistance.

3.2 BET inhibition impairs HR-mediated DNA
damage repair and PD-L1-medicated immune
escape
To evaluate the HR e�ciency and PD-L1 level in OSCC cells after treating by BETi, a dual experiments
including Immuno�uorescence and Western-blot were performed. The results showed that BRD4
pharmacological inhibition using JQ1 induced a dose-dependent reduction in RAD51, BRCA1 and
TOPBP1 levels and was able to hinder homologous recombination-mediated DNA damage repair in OSCC
cell lines, generating massive cell death and better treatment results. Moreover, the expression of PD-L1
was also prohibited by using JQ1 in a dose-dependent manner, which had similar reaction with HR-
relevant factors, verifying that JQ1 could trigger immune inhibition in OSCC cells due to absence of
BRD4. (Figure_2)

3.3 BET inhibitor and PARP inhibitor synergistically
suppress cell proliferation 
We next examined the effects of treating cells with olaparib, the BET inhibitor JQ1, or combining both
inhibitors. The IC50 values of olaparib were calculated and they were robustly reduced after combination
treatment (**P < 0.01) (Figure_3A), indicating that OSCC cells became more sensitive to olaparib. CI
calculations con�rmed that the combination JQ1 and olaparib treatment exhibited a synergistic effect
(Table 1). 

The JQ1 and olaparib treatment simultaneously also caused colony formation inhibition compared with
other groups. (Figure_3B) The action of the combined treatment on proliferation was tested using CCK8
assays. The results showed that combination of two drugs cause a remarkable decline in cells’
proliferation, comparing with individual inhibitors (**P < 0.01, Figure_3C).  

These results demonstrated that both olaparib and JQ1 at low concentrations had moderate impact on
decreasing cell proliferation and viability of Cal27 and Scc25 cells when they were used alone, whereas
simultaneously treated with JQ1 greatly triggered cell death and sensitized the OSCC cells to the drug.



Page 8/25

3.4 BET inhibitor and PARP inhibitor synergistically
induce apoptosis, which correlates with higher p53
levels 
We next examined whether the combination treatment affected the apoptosis of OSCC cells. Western blot
analysis uncovered that the cleaved caspase-3 which act as an important apoptosis marker was
activated at a dramatically higher level in Cal27 and Scc25 cells after treating with JQ1 and olaparib. (**P
< 0.01, Figure_4A, 4B) Our research also evaluated cell apoptosis by Annexin V-PE staining followed by
�ow cytometry in OSCC cells treated with variable inhibitors for 2 days. Apoptotic cells accounted for
higher proportions in response to the combination treatment than treatment by either inhibitor alone. (**P
< 0.01, Figure_4C, 4D)

P53 signaling is a key pathway that induces apoptosis. We thus next examined whether apoptosis was
mediated by the p53 pathway. The combination treatment led to prominently increased p53 and
phosphorylated p53 expressions compared with single treatments. (*P < 0.05, **P < 0.01, Figure_4A, 4B)

Together our �ndings suggest that the combination of BET inhibitor and PARP inhibitor triggered a strong
synergism in OSCC cells represented by a marked increase in cell apoptosis, which correlated with
activation of the p53 pathway.

3.5 BET inhibitor and PARP inhibitor co-treatment
results in cell cycle arrest
Then we focused on the effects of the combination treatment on cell cycle in OSCC cells. The results are
displayed in Figure. 5A and quantitative analysis is shown in Figure. 5B. JQ1 and olaparib alone resulted
in G1 or G2/M phase cell cycle arrest, respectively, while the combination treatment caused G1 and G2/M
phase arrest as well as a signi�cant decline in S phase cells. 

Based on our data above, the simultaneous impairment of both HR and PD-L1 pathways is able to induce
substantial cell cycle arrest in OSCC cells as shown by the co-treatment with JQ1 and ola.

3.6 Combined JQ1/olaparib inhibition is effective in
vivo
Cal27 and Scc25 cells were injected into Six-week-old female mice and after the tumor volume reached
approximately 150–250 mm3 after one week, mice were randomized into groups and treated with
different inhibitors for 3 times. By the end of the 20 day treatment period, JQ1 and olaparib resulted in
modest inhibition of tumor growth for both OSCC cell lines, and this was accompanied by minimal
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change in PD-L1 and RAD51 levels showed by immunohistochemical staining. The dual treatment was
superior to any of the single treatments and resulted in signi�cant tumor shrinkage, which also led to a
marked reduction in the expression of RAD51 and PD-L1. (**P < 0.01, Figure_6, 7) The differences were
unlikely to be a result of generalized toxicity of drug treatment, since mouse weights were stable over the
treatment period for all treatment groups. 

The results demonstrated that combined treatment exhibits better antitumor effects in OSCC in vivo by
inhibiting HR and PD-L1 pathway, compared with JQ1 or olaparib treatment alone.  

3.7 BET inhibitor and PARP inhibitor combination
suppresses HR mediated by ATR/CHK1 pathway
To explore the potential mechanism of the enhanced e�cacy with combined treatment in OSCC, we
examined several key DNA damage response factors involved in HR. Western blot showed that these HR-
related molecules were highly downregulated by the combination treatment compared with olaparib
alone, although the expressions were slightly higher than in response to JQ1 alone. (Figure_8A) To better
quantitate the cumulative expression of RAD51, we performed Flow cytometry and Immuno�uorescence
assays in Cal27 and Scc25 cells, respectively. Under �uorescence microscope and FACS �ow cytometer,
OSCC cells displayed the same level of the factor as seen in the Western blot. (Figure_8B, 8C) We also
observed decreased RAD51 mRNA level in Cal27 and Scc25 cells treated with the combination therapy
compared with olaparib monotherapy (**P < 0.01, Figure_8D), which veri�ed that JQ1 combined with
olaparib can act by suppressing HR.  

ATR/CHK1 plays a critical role in the regulation of replication and is essential in HR, and thus we
subsequently examined the ATR/CHK1 pathway. Consistent with our above results, the ATR/CHK1
pathway was increased in response to olaparib compared with controls, while the combination treatment
reversely blocked this pathway compared with olaparib alone (**P < 0.01, Figure_8A, 8D), further
indicating that JQ1 maximized olaparib’s treatment effect through impairing HR mediated by ATR/CHK1
pathway inhibition. 

These results indicate that the added BET inhibitor JQ1 disrupted HR via depleting ATR/CHK1
expressions, thus mitigating olaporib resistance and sensitizing the OSCC cell to the PARP inhibitor.  

3.8 BET inhibitor and PARP inhibitor combination
attenuated expression levels of BRD4 and PD-L1
We continued to explore the mechanism behind the combinatorial synergism of JQ1 and olaparib in
OSCC cells. The use of JQ1 and olaparib synchronously reduced BRD4 expression to a greater extent
compared with JQ1 monotherapy in Cal27 and Scc25 cells, which demonstrated that the sensitivity of
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OSCC to the BET inhibitor was also enhanced by the combination treatment. (*P < 0.05, **P < 0.01)
(Figure_9A, 9D) 

We next determined whether BRD4 correlates with PD-L1 expression in OSCC by examining a panel of
OSCC cell lines. We observed a trend towards a positive relationship between BRD4 and PD-L1
expression. (Figure_9A) We then examined whether BRD4 and CD274 expression was also positively
correlated in OSCC cells. Indeed, there was a signi�cant positive mRNA correlation between BRD4 and
CD274 in Cal27 and Scc25 cells treated with JQ1, olaparib or the combination. (Figure_9D) Notably,
decreasing PD-L1 expression may be a strategy to optimize the antitumor effects of PARP inhibitors by
adding BET inhibition. (Figure_9B, 9C)

Our results showed that the PARP inhibitor upregulated PD-L1 and BRD4 in OSCC cells, while BET
blockade mitigated PD-L1-mediated immunosuppression activity, resulting in better treatment effect in
OSCC cells. These results veri�ed that the sensitivity of OSCC to the BET inhibitor was enhanced by the
combination treatment with the PARP inhibitor. 

Discussion
Combination of targeted therapies to augment treatment results is an effective therapeutic strategy for
various cancers, including OSCC. PARP inhibitors have been the focus of intense investigation in cancer
treatment, particularly as monotherapies or combining with conventional chemotherapeutics regarding
DNA damage [25, 26], our results showed that the effects of PARP inhibitor olaparib in OSCC was
moderate both in vitro and in vivo, which inspired us that identi�cation of the mechanisms underlying
resistance to olaparib and development of combination treatments that can produce potent responses in
a preclinical setting of OSCC is required.

The DNA damage response exists in resistance mechanisms to anticancer treatment in many tumors.
DNA damage response can be divided into two major pathways: the HR pathway for DSB repair and the
nucleotide excision repair pathway for single-strand break repair [27, 28]. The ATR-CHK1 pathway is a
central signal transduction processes that facilitates DNA repair and promotes cell proliferation.
Activation of the ATR-CHK1 pathway can cause cell cycle arrest to allow cellular repair when the damage
is irreparable [29] . In our study, the PARP inhibitor olaparib induced levels of several important HR-related
factors in Cal27 and Scc25 cells, indicating that HR is induced in response to olaparib. We further found
that olaparib upregulates the expression of the ATR/CHK1 pathway, which may contribute to HR repair in
OSCC cells. Thus, we propose that olaparib activates the ATR/CHK1 pathway to induce HR in OSCC.

In recent years, accumulating evidence has highlighted the role of immunity in patient response to
anticancer agents [30, 31]. Our results demonstrated that the PARP inhibitor exhibited low levels of tumor
inhibition effects on OSCC, which may be due to the induction of HR-mediated DNA damage response.
However, the role of PARP inhibition in cancer-associated immunity has been largely unknown. Our
�ndings showed that treatment with the PARP inhibitor olaparib alone upregulated PD-L1 expression in
OSCC cells, which may contribute to the reduced e�cacy of PARP inhibitor through inducing immune
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escape. Thus, strategies that can block the PD-L1 pathway to restore anti-tumor immunity may help
potentiate the effects of PARP inhibitors in tumor suppression. We also found that Cal27 OSCC cells were
more sensitive to olaparib than Scc25 cells, which may be partly due to different levels of HR repair and
PD-L1 expressions, as olaparib induced higher activation of these factors in Scc25 cells.

A number of BET inhibitors have been developed and are entering clinical trials. After wide range of drug
screening in preliminary analyses, selecting the JQ1 small molecule inhibitor of BRD4 because JQ1
treatment alone can decrease the DNA damage response and PD-L1 expression. Tumor cell viability fell
down dramatically via the addition of JQ1 to olaparib, manifesting that JQ1 play a role in sensitizing
Cal27 and Scc25 cells to the PARP inhibitor. We also veri�ed that the synergistic effects of the
combination treatment are partly attributable to the promotion of apoptosis mediated by p38 pathway.
Notably, while the olaparib-induced G2/M arrest was reduced in Scc25 cells upon co-treatment with JQ1
treatment, the S phase population also decreased as a result of JQ1-induced G1 phase arrest. Taken
together, our data suggested that OSCC are sensitive to the BET and PARP inhibitor synergistic treatment
both in cells and in mouse model. Our research is the �rst study to demonstrate the combination effect of
BET suppression with PARP inhibition in OSCC.

We continued to explore the mechanism underlying the synergistic treatment in OSCC. We found that JQ1
and olaparib exhibited anti-cancer activities in OSCC both in vitro and in vivo via inhibiting HR repair
induced by the ATR/CHK1 pathway and immune escape mediated by PD-L1 pathway. Moreover, olaparib
alone upregulated BRD4 expression, which may help clarify the possibility of synergism of BET and PARP
inhibitors. Further studies of the molecular consequences of the combination treatment of BET and PARP
inhibitors in OSCC will be necessary to develop effective combinations with optimal therapeutic potential.

Conclusions
Above all, our research veri�ed that HR repair and upregulated PD-L1 expression in Cal27 and Scc25 cells
resulted in adaptive cellular response to the PARP inhibitor olaparib. Adding BET inhibitor effectively
attenuates the ATR/CHK1-mediated DNA damage response and PD-L1-related immune escape,
increasing sensitivity of OSCC to PARP inhibitors in vitro and in vivo. Our results provide evidence for
using BET inhibitors to enhance therapeutic e�cacy of PARP inhibitors to HR-pro�cient and PD-L1-
pro�cient tumor cells. (Figure_10) The relationships between PARP inhibitors, HR and PD-L1 is timely and
provides strong rational to explore more effective method consisting of PARP and BET inhibitors.

Cumulatively, this work provides valuable insights on the mechanisms of acquired resistance to olaparib
and explores combinatorial therapeutic approaches involving bromodomain inhibitors rather than
monotherapy, in order to augment the therapeutic strategies of PARP inhibitors. These results suggest a
potential clinical bene�t of the combination strategy for OSCC patients and may have far-reaching
implications for OSCC patients in the future.   
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Abbreviations
OSCC   Oral squamous cell carcinoma

HR      Homologous recombination

DSB    DNA double strand break

PD1     Programmed cell death-1

ATR    Rad3-related kinase

CHKI   Checkpoint kinase 1

BET    Bromodomain and extra-terminal domain
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PARP   Poly ADP-ribose polymerase
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Figure 1

PARP inhibitor olaparib upregulates HR and PD-L1 in OSCC cells Cal27 and Scc25 cells were cultured for
24 h and then treated with olaparib at the concentrations of 0, 5, 10, and 20 µM for 2 d. (A), CCK8 assay
revealed that Cal27 cells are more sensitive to olaparib than Scc25 cells. (B), Relative protein expressions
of RAD51, BRCA1, TOPBP1, PD-L1 and BRD4. GAPDH was used as a loading control. (C), Relative mRNA
expressions of CD274 and RAD51 in Cal27 and Scc25 cells. Bars represent the mean ± SD of each group
(n=6). Signi�cant differences between groups are marked with asterisks. *P<0.05 ** P<0.01 vs. control
(the DMSO group).
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Figure 2

BET inhibition impairs DNA damage repair and PD-L1 expression Cal27 and Scc25 cells were cultured for
24 h and then treated with JQ1 at the concentrations of 0, 0.2, 1, and 5 µM. (A), Relative protein
expressions of RAD51, TOPBP1, BRCA1 and PD-L1. GAPDH was used as a loading control. (B),
Immuno�uorescent staining showed that JQ1 suppresses the expression of RAD51 in a dose-dependent
manner.
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Figure 3

BET inhibitor and PARP inhibitor synergistically suppress cell proliferation Cal27 and SCC25 cells were
cultured and then treated with JQ1, olaparib or the combination at different concentrations according to
the CI values. (A), The IC50 values of olaparib were signi�cantly reduced after combination treatment in
Cal27 and Scc25 cells. (B), Colony formation assay of Cal27 and SCC25 cell lines after treating for 2
days. (C), CCK8 assay revealed that combination treatment with JQ1 and olaparib inhibited Cal27 and
SCC25 cell proliferation after treating for 1 d to 4 d. Bars represent the mean ± SD of each group (n=6).
Signi�cant differences between groups are marked with asterisks. (** P<0.01)
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Figure 4

. BET inhibitor and PARP inhibitor synergistically induce apoptosis, which correlates with higher p53
levels Cal27 and SCC25 cells were cultured and then treated with JQ1, olaparib or the combination at
different concentrations according to the CI values for 2 d. (A), Relative expressions of pro-apoptotic
proteins including cleaved caspase-3, p53 and p-p53 upregulated while caspase-3 kept steady after
combination treatment in Cal27 and Scc25 cells. GAPDH was used as a loading control. (B), Quantitative
analysis of protein expressions of cleaved caspase-3, p-p53 and p53. (C), Cells then detected by flow
cytometry assays using Annexin V-FITC/PE staining. Combination treatment by JQ1 and olaparib
increased the apoptosis rate. (D), Sums of percentages of early apoptosis and late apoptosis were
calculated as the total apoptosis ratios, which were graphically represented in the bar graphs. Bars
represent the mean ± SD of each group (n=6). Signi�cant differences between groups are marked with
asterisks. (*P<0.05 ** P<0.01)
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Figure 5

BET inhibitor and PARP inhibitor co-treatment causes cell cycle arrest Cal27 and SCC25 cells were
cultured and then treated with JQ1, olaparib or t BET inhibitor and PARP inhibitor co-treatment causes cell
cycle arrest he combination for 2 d. (A), Cells stained with PI and examined with flow cytometry assays to
analyze cell cycle distribution. (B), Bar graphs showed the percentage of Cal27 and SCC25 cells in each
cell cycle phase after treatment with JQ1 and/or olaparib. JQ1 and olaparib alone caused G1 and G2/M
phase cell cycle arrest, respectively, while the combination treatment resulted in G1 and G2/M phase
arrest and a profound reduction in S phase cells. Bars represent the mean ± SD of each group (n=6).
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Figure 6

BET inhibitor and PARP inhibitor synergistically suppress the growth of tumors in vivo 1 × 107 Cal27 and
Scc25 cells were mixed with equal volume of Matrigel and injected subcutaneously at the right �anks of
mice, then mice were injected with JQ1, olaparib or the combination for 3 times. (A), Tumor growth curve
of Cal27 xenograft in each group two weeks after exposure to JQ1, olaparib or the combination. (B),
Weights of tumor from mice described above at sacrifice. (** P<0.01)
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Figure 7

The effect of combination treatments in vivo is achieved by inhibiting PD-L1 and RAD51 (A), Image of
representative tumors from Cal27 and Scc25 xenograft in each group. Bars represent the mean ± SD of
each group (n=4). (B), Proteins were extracted from the tumors, then PD-L1 and RAD51 expression levels
were analyzed by immunohistochemical staining.
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Figure 8

BET inhibitor and PARP inhibitor combination suppresses HR mediated by ATR/CHK1 pathway Cal27 and
SCC25 cells were cultured and then treated with JQ1, olaparib or the combination for 2 d. (A), Relative
protein expressions of RAD51, BRCA1, TOPBP1, ATR, CHK1 and p-CHK1 in Cal27 and SCC25 cells.
GAPDH was used as a loading control. (B), Under FACS �ow cytometer, the expression of RAD51 was
markedly inhibited after treating by JQ1 and Olaparib. (C), Immuno�uorescent staining showed that
combination treatment suppresses the expression of RAD51, compared with JQ1 or olaparib were used
alone. (D), Relative mRNA expressions of RAD51 and ATR in Cal27 and Scc25 cells. Bars represent the
mean ± SD of each group (n=6). Signi�cant differences between groups are marked with asterisks.
(*P<0.05 ** P<0.01)
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Figure 9

BET inhibitor and PARP inhibitor combination attenuated expression levels of BRD4 and PD-L1 Cal27 and
SCC25 cells were cultured and then treated with JQ1, olaparib or the combination for 2 d. (A), Relative
protein expressions of BRD4 and PD-L1 in Cal27 and SCC25 cells. GAPDH was used as a loading control.
(B), Immuno�uorescent staining showed that combination treatment suppresses the expression of PD-L1,
compared with JQ1 or olaparib were used alone. (C), Under FACS �ow cytometer, the expression of PD-L1
was markedly inhibited after treating by JQ1 and Olaparib. (D), Relative mRNA expressions of BRD4 and
CD274 after treating by different inhibitors. Bars represent the mean ± SD of each group (n=6).
Signi�cant differences between groups are marked with asterisks. (*P<0.05 ** P<0.01)
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Figure 10

The mechanism �gure of BET inhibitor augments treatment effects of PARP inhibitor in OSCC. Though
PARP inhibitor has positive effect on p53-medicated cell death or cell cycle arrest, it also upregulates HR-
related DNA damage response and PD-L1-medicated immune escape which weaken treatment results in
OSCC. Otherwise, BET inhibitor not only increases cell cycle arrest and induces cell death through p53
pathway, it also suppresses the expressions of HR and PD-L1, and so it provides scienti�c evidence to
enhance the therapeutic potential of PARP inhibitor.“ ” active “ ” inhibit.


