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Abstract: Objectives: Ovarian cancer is a gynecologic tumor with the highest mortality rate worldwide. Nonetheless, 
chemoresistance remains a significant obstacle in treating ovarian cancer. PARP inhibitors (PARPis) are effective 
drugs approved for maintenance therapy in ovarian cancer. However, the development of natural or acquired re-
sistance to PARPis poses a major challenge for ovarian cancer treatment. Methods: Public database analysis of 
cGAS expression in relation to PARPi resistance. cCK-8 assay was used to determine cell survival. qPCR assay with 
Western Blot was implemented to determine gene expression and protein activation status. Results: Analysis of 
public databases revealed significantly higher cGAS expression in Olaparib-resistant cells and in recurrent ovarian 
tumors. Furthermore, high cGAS expression significantly promoted Olaparib tolerance in ovarian cancer cells. Our 
findings demonstrate that Olaparib treatment induces activation of the TBK1-IRF3 signaling axis downstream of 
cGAS, leading to the production of type I interferon. This, in turn, activates NF-κB and IL-6-STAT3 signaling, contribut-
ing to inflammation and PARPi resistance. Consequently, targeting cGAS effectively counteracts Olaparib resistance 
and enhances its efficacy in suppressing cancer cell growth, ultimately leading to cell death. Conclusions: Our study 
highlights the crucial function of cGAS signaling in mediating PARPi resistance in ovarian cancer cells. These find-
ings provide valuable novel therapeutic strategies targeting cGAS to improve the efficacy of PARPi-based treatments 
for ovarian cancer.
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Introduction

Ovarian cancer is the third most common type 
of gynecological tumor, having the highest mor-
tality rate worldwide, with high-grade serous 
ovarian cancer (HGSOC) being the most preva-
lent subtype [1]. Regrettably, effective manage-
ment of HGSOC remains a significant challenge. 
Platinum-based chemotherapy constitutes the 
initial treatment modality for advanced ovarian 
cancer [2]. However, the efficacy of this treat-
ment remains limited, characterized by modest 
response rates. In the past, radiotherapy and 
chemotherapy aimed to eliminate cancer cells 
by targeting specific gene expression profiles. 
However, this approach can lead to collateral 
damage of healthy cells. Nearly, approximately 
50% of HGSOC patients, particularly those har-
boring BRCA1/2 mutations, exhibit a deficiency 

in homologous recombination (HR). PARP inhibi-
tors (PARPis), such as Olaparib, have demon-
strated promising therapeutic effects and have 
received regulatory approved for the mainte-
nance treatment of patients with ovarian can-
cer [3]. Poly(ADP-ribose) polymerases (PARPs) 
play an essential role in DNA damage repair, 
specifically in detecting and responding to sin-
gle-strand breaks (SSBs). They produce sub-
stantial quantities of poly(ADP-ribose) polymers 
(PARs) to recruit other DNA damage repair fac-
tors. Notably, the synthetic lethal mechanism 
observed between key HR genes, namely 
BRCA1/2 and PARP1, has been identified as 
the most promising therapeutic strategy to da- 
te [4, 5]. PARPi bind to the catalytic domain of 
PARP, inhibit its enzymatic activity, thereby 
blocking single-strand DNA repair. Unrepaired 
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SSBs are converted to double-strand breaks 
(DSBs) at replication forks in cells with HR  
deficiencies such as those lacking BRCA1. 
Consequently, BRCA2-deficient tumor cells can 
only undergo double-strand repair via non-
homologous end joining (NHEJ), ultimately le- 
ading to cell death. This phenomenon is known 
as the synthetic lethal process. The presence 
of inherent HR deficiency allows the addition  
of PARPis to inhibit single-strand repair. The 
absence of either of these two factors alone 
does not result in cell death. Consequently, the 
use of PARPis has been established as an anti-
tumor strategy termed synthetic lethality, par-
ticularly in BRCA-mutant tumor cells [6, 7]. 
Notably, PARP inhibitors have demonstrated 
therapeutic benefits for all ovarian cancer 
patients, regardless of their BRCA mutation or 
HR status [8, 9].

Despite demonstrating strong clinical efficacy, 
a significant proportion of ovarian cancer pa- 
tients treated with PARPis experience cancer 
recurrence due to primary or acquired drug 
resistance. To date, several mechanisms have 
been discovered that lead to resistance against 
PARP inhibitors. The restoration of HR function 
has been identified as a prominent mechanism 
underlying PARPi resistance. Secondary muta-
tions or epigenetic alterations in BRCA1/2, 
such as reversal of BRCA1 promoter methyla-
tion and re-expression of functional HR pro-
teins, can contribute to the development of 
PARPi resistance [10]. In addition to mutations 
in BRCA1/2, HR-associated secondary muta-
tions in RAD51C and PALB2 have been docu-
mented [11]. Beyond the reversal of mutations 
in key genes, HR restoration can also be 
achieved through compensatory mutations. For 
instance, cancer cells can restore HR repair 
capacity by downregulating 53BP1, thus by- 
passing the lethal consequences of DNA dam-
age accumulation [12, 13]. Moreover, increased 
drug efflux and disruptions in the cell cycle 
pathways represent significant factors contrib-
uting to PARPi resistance. It is noteworthy that 
over 50% of HGSOC patients with intact HR 
activity in tumor cells can still clinical benefit 
from PARPi therapy [14]. This observation sug-
gests the existence of additional pathways, 
beyond DNA damage repair, that contribute to 
resistance against PARPi treatment.

Prolonged PARPi administration induces inher-
ent DNA damage within tumors, leading to an 

accumulation of DNA errors and the release of 
DNA into the cytoplasm. Cyclic GMP-AMP syn-
thase (cGAS) is an intracellular DNA sensor 
[15]. Initially, cGAS was found to be located in 
the cytoplasm, where it directly binds to cyto-
plasmic double-stranded DNA (dsDNA). DNA 
binding promotes cGAS liquid-phase dissocia-
tion and aggregation, activating cGAS to pro-
duce cGAMP [16]. Subsequently, cGAMP is 
detected by a positioning adapter protein on 
the endoplasmic reticulum (ER), called stimula-
tor of interferon genes (STING) [17]. Upon rec-
ognizing cGAMP, STING translocates to the 
Golgi apparatus and recruits TANK-binding 
kinase 1 (TBK1) and the transcription factor 
IRF3 to promote their phosphorylation and acti-
vation [18]. Furthermore, the STING binding to 
IκB kinase can stimulate the transcriptional 
activity of NF-κB and proinflammatory signals, 
promoting the production of cytokines, includ-
ing IFN-α and IFN-β [19]. cGAS can also be 
located in the nucleus, where its activity is 
inhibited by chromatin anchoring and cell cycle-
dependent phosphorylation, potentially pro-
moting DNA damage [20, 21]. The cGAS-STING 
pathway plays a crucial role in the innate 
immune response and cancer immunity; how-
ever, its role in ovarian cancer and PARPi resis-
tance remains unexplored.

In this study, we elucidated the key role of cGAS 
in mediating Olaparib resistance in ovarian 
cancer cells. Our findings demonstrate a signifi-
cant increase in both cGAS expression and 
inflammatory response gene expression in 
Olaparib-resistant ovarian cancer cells. Elevat- 
ed cGAS further promotes tumor cell growth  
by stimulating interferon expression and acti-
vating STAT1 signaling, thus contributing to 
Olaparib resistance. Our findings suggest that 
combined inhibition of the cGAS-STING signal-
ing pathway and Olaparib treatment may over-
come PARPi resistance and enhance antitumor 
efficacy.

Materials and methods

Cell culture

Human OVCAR-8 cells and SK-OV-3 were pur-
chased from the Wuhan Pricella Biotechnology, 
Wuhan, China. OVCAR-8 cells were cultured in 
RPMI-1640 (Biological Industries) supplement-
ed with 10% FBS (Biological Industries), 100  
U/ml penicillin, and 100 μg/ml streptomycin. 
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SK-OV-3 cells were cultured in McCoy’s 5A 
(Biological Industries) supplemented with 10% 
FBS (Biological Industries), 100 U/ml penicillin, 
and 100 μg/ml streptomycin. All cells were cul-
tured at 37°C in a humid atmosphere (5% CO2-
95% air).

Immunoblot analysis

The cells were rinsed with chilled PBS and cell 
lysates were produced using SDS lysis buffer 
(Beyotime) that included a mixture of protease 
and phosphatase inhibitors. The quantification 
of proteins was performed using the BCA pro-
tein assay kit from Beyotime. All samples 
underwent normalization of total protein con-
centrations. Subsequently, the proteins were 
subjected to a temperature of 95°C for a dura-
tion of 5 minutes in the presence of the 5× SDS 
loading buffer (Beyotime). Gel electrophoresis 
using sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) was employed 
to segregate protein samples. Subsequently, 
the proteins were deposited onto a nitrocellu-
lose (NC) membrane (PALL) and then blocked 
using QuickBlock Western Blocking Buffer 
(Beyotime). Subsequently, the membranes we- 
re subjected to an overnight incubation at 4°C 
with primary antibodies. The membranes were 
rinsed three times with TBST and then exposed 
to a peroxidase-labeled secondary antibody for 
1 hour at room temperature. The Pico PLUS 
Chemiluminescent Substrate reagent (Thermo 
Scientific) was employed to visualize protein 
bands following the second round of wash. 
Antibodies for GAPDH (60004-1-Ig) and TBK1 
(28397-1-AP) were purchased from Proteintech. 
Antibodies for p-TBK1 (#54382), IRF3 (#4302), 
p-IRF3 (#29047), p-P65 NF-κB (#3033), 
p-STAT3 (#9145) were purchased from Cell 
Signaling Technology. Peroxidase-labeled Anti-
Mouse IgG (H+L) (No. 5220-0338) and peroxi-
dase-labeled Anti-Rabbit IgG (H+L) (No. 5220-
0335) were purchased from Seracare.

Cell viability assay

The cells were distributed onto a 96-well plate 
with a concentration of 5000 cells per well. The 
cells were subjected to drug treatment for a 
duration of 24 hours, followed by treatment 
with 10 μl of Cell Counting Kit-8 solution 
(Beyotime). Following a 1-hour incubation peri-
od at a temperature of 37°C, the absorbance 
was quantified at a wavelength of 450 nm 

using a microplate reader (Biotek). Olaparib 
was administered for drug therapy at dosages 
of 1.25 μM, 2.5 μM, 5 μM, and 10 μM. Olaparib 
(S1060), and RU.521 (S6841) were purchased 
from Selleck.

Cytokine detection

The supernatants of cultured cells treated with 
Olaparib were collected. The IFN-β concentra-
tions in the supernatants were analysed using 
a AuthentiKine Human IFN-beta ELISA Kit 
(Proteintech, KE00195) according to the manu-
facturer’s instructions. The IL-6 concentrations 
in the supernatants were analysed using an 
AuthentiKine Human IL-6 ELISA Kit (Proteinte- 
ch, KE00139). Signals were obtained using a 
microplate reader.

Plasmidand transfection and quantitative PCR 
(qPCR) assays

The human genes MB21D1 and TMEM173 
were inserted into the pcDNA3.1 expression 
vector and introduced into cells by transfection 
using jetPrime Transfection Reagent (Polyplus). 
The synthesis of cDNA for quantitative PCR 
(qPCR) experiments was performed using the 
ReverTra Ace qPCR RT Kit (TOYOBO). The qPCR 
analysis was conducted using SYBR Green and 
the ABI Q5 System (Thermo Fisher). The mRNA 
levels of desired genes were standardized by 
comparing them to the amount of β-actin 
(ACTB). The following are the primers utilized  
for amplifying the target genes: ACTB-F: 
5’-CATGTACGTTGCTATCCAGGC-3’, ACTB-R: 5’- 
CTCCTTAATGTCACGCACGAT-3’; IFNB1-F: 5’-AT- 
GACCAACAAGTGTCTCCTCC-3’, IFNB1-R: 5’-GG- 
AATCCAAGCAAGTTGTAGCTC-3’; CXCL10-F: 5’- 
GTGGCATTCAAGGAGTACCTC-3’, CXCL10-R: 5’- 
TGATGGCCTTCGATTCTGGATT-3’; IL6-F: 5’-GG- 
ATTCAATGAGGAGACTTGC-3’, IL6-R: 5’-GTTGG- 
GTCAGGGGTGGTTAT-3’.

Bioinformation analysis

The data for the TCGA cohort of Ovarian  
cancer were obtained by downloading them 
from the website https://xenabrowser.net/. The 
RNA-sequencing (RNA-seq) data for Olaparib-
resistant and parental cells were acquired from 
GSE153867 and GSE117765. Gene expres-
sion across samples was assessed using tran-
scripts per million (TPM).
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Figure 1. High expression of cGAS promotes Olaparib resistance in Ovarian cancer cells. A, B. RNA-seq violin plot 
exhibiting the expression of cGAS in primary and recurrent tumors from ovarian cancer patients. The RNA-seq data 
was collected from Santa Cruz Xena platform using the TCGA datasets. C. Transcripts per million (TPM) values of 
MB21D1 genes in parental and Olaparib-resistant cells were shown. D. Transcripts per million (TPM) values of 
IFNB1 and CCL5 genes in parental and Olaparib-resistant cells were shown. E. qRT-PCR analysis of IFNB1 expres-
sion in SK-OV-3 (left) and OVCAR-8 (right) cells transfected with cGAS and STING plasmid (n=3). F. CCK-8 assay is 
used to detect the sensitivity of SK-OV-3 (left) and OVCAR-8 (right) cells overexpressing cGAS and STING. C-E. Data 
are the mean ± SD; Student’s t-test, *P < 0.05, **P < 0.01, ***P < 0.001 and nsP > 0.05. F. Data are the mean ± 
SD; one-way ANOVA with Dunnett’s multiple comparisons test; **P < 0.002, ***P < 0.001.

Statistical analysis

The data were reported as means ± standard 
error of the mean (SEM) and were analyzed 
using GraphPad Prism software version 8.0 
(GraphPad). The Student’s t-test was employed 
to compare the two groups, while a one-way 
ANOVA with Dunnett’s multiple comparisons 
test was utilized to compare several groups. 
Each experiment was conducted a minimum of 
three times, and statistical significance was 
indicated by P < 0.05 (*P < 0.05), P < 0.01 (**P 
< 0.01), while non-significance was designated 
by P > 0.05 (ns) in the figures.

Results

Upregulated cGAS contributes to Olaparib 
resistance

At first, we observed the presence of cGAS in 
ovarian cancer and observed that the level of 
cGAS expression in the tumor tissues of ovari-

an cancer patients was considerably higher 
compared to normal ovarian tissues (Figure 
1A). Moreover, cGAS expression was signifi-
cantly higher in recurrent ovarian tumors com-
pared to primary tumors, suggesting a potential 
role for cGAS in mediating drug resistance in 
recurrent ovarian cancer (Figure 1B). Further- 
more, cGAS was significantly elevated in PARPi 
drug-resistant cells compared to parental cells 
(Figure 1C). As cGAS plays a key role in the pro-
duction of type I interferons, we observed sig-
nificantly higher expression of IFNB1 and the 
expression of the interferon-stimulated gene 
CCL5 in PARPi-resistant cells compared to 
parental cells (Figure 1D). To further investi-
gate the role of cGAS in PARPi resistance, both 
cGAS and its downstream effector protein 
STING were overexpressed in SK-OV-3 and 
OVCAR-8 cells. This overexpression resulted in 
a significant upregulation of type I interferons in 
ovarian cancer cells (Figure 1E). Furthermore, 
high expression of cGAS and STING promot- 
ed Olaparib resistance in ovarian cancer cells 
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Figure 2. Olaparib treatment promotes TBK1-IRF3 signaling activation in ovarian cancer cells. A. Immunoblot analy-
sis of total and p-TBK1, total and p-IRF3 in OVCAR-8 cells, followed by treatment Olaparib. B. Densitometric analysis 
of p-TBK1 and p-IRF3 protein expression levels was quantitated by “ImageJ” software. C. qRT-PCR analysis of IFNB1 
and CXCL10 mRNA in OVCAR-8 cells treated with Olaparib. D. ELISA quantification of IFN-β secretion in OVCAR-8 
cells treated with Olaparib. E. Immunoblot analysis of total and p-NF-κB-p65 in OVCAR-8 cells, followed by treatment 
Olaparib. F. Densitometric analysis of p-NF-κB-p65 protein expression levels was quantitated by “ImageJ” software. 
Data are the mean ± SD. C and D. Data are the mean ± SD; Student’s t-test, *P < 0.05, **P < 0.01, ***P < 0.001 
and nsP > 0.05. B and F. One-way ANOVA with Dunnett’s multiple comparisons test; *Data are the mean ± SD; P < 
0.033, ***P < 0.001 and nsP > 0.033.

(Figure 1F). These findings suggest that cGAS 
and its downstream signaling pathways may 
contribute to ovarian cancer tolerance to PARPi.

Olaparib treatment promotes TBK1-IRF3 sig-
naling activation in ovarian cancer cells

cGAS-STING signaling plays a crucial role in 
triggering innate immunity by activating the 
TBK1-IRF3 signaling axis, which promotes the 
expression of inflammatory cytokines. Elevated 
levels of these cytokines are a significant factor 
contributing to drug resistance in ovarian can-
cer. Previous findings demonstrated a signifi-
cant increase in cGAS in PARPi-resistant cells. 
To investigate whether PARPi activates innate 
immune signals and contributes to PARPi toler-
ance through feedback in ovarian cancer cells, 

we conducted further studies. Treatment of 
OVCAR-8 cells with Olaparib resulted in a dose-
dependent increase in the levels of phosphory-
lated TBK1 and phosphorylated IRF3 (Figure 
2A and 2B). These findings suggest that Ola- 
parib induces the activation of IRF3 signaling. 
As IRF3 is a key transcription factor that pro-
motes the production of type I interferons, 
Olaparib treatment of OVCAR-8 cells led to a 
significant increase in IFNB1 expression and 
substantial rise in the secretion of IFN-β (Figure 
2C and 2D). Furthermore, the interferon-sti- 
mulated gene CXCL10 was also upregulated 
(Figure 2C). These findings demonstrate that 
Olaparib activates the TBK1-IRF3 signaling 
pathway, leading to increased type I interferon 
production in ovarian cancer cells.
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Figure 3. Olaparib promotes activation of IL-6-STAT3 pathway in ovarian cancer cells. A. Transcripts per million 
(TPM) values of IL6 gene in parental and Olaparib-resistant cells. B. qRT-PCR analysis of IL6 mRNA in OVCAR-8 cells 
treated with Olaparib. C. ELISA quantification of IL-6 secretion in OVCAR-8 cells treated with Olaparib. D. Immunob-
lot analysis of total and p-STAT3 OVCAR-8 cells, followed by treatment with Olaparib. E. Densitometric analysis of 
p-STAT3 protein expression levels was quantitated by “ImageJ” software. Data are the mean ± SD. A-C. Student’s 
t-test, **P < 0.01 and ***P < 0.001. E. One-way ANOVA with Dunnett’s multiple comparisons test; **P < 0.002.

Olaparib triggers the IL-6-STAT3 pathway

Inflammation is a key mechanism of ovarian 
cancer cell resistance to PRAPi, and NF-κB, a 
core transcription factor involved in inflamma-
tion, is a critical downstream signaling mole-
cule of type I interferons. Therefore, we further 
studied whether Olaparib promotes activation 
of NF-κB in ovarian cancer cells. We found th- 
at treatment of OVCAR-8 cells with Olaparib 
resulted in a significant increase the phosphor-
ylation level of NF-κB p65 (Figure 2E and 2F). 
These findings suggest that Olaparib promotes 
the activation of NF-κB. IL-6, a key inflammatory 
cytokine downstream of NF-κB, can promote 
tumor proliferation and drug resistance. RNA-

seq data revealed significantly higher levels of 
IL6 expression in PARPi drug-resistant cells 
compared to parental cells (Figure 3A). We fur-
ther detected whether Olaparib could promote 
IL6 expression. The results showed that treat-
ment of OVCAR-8 cells with Olaparib resulted  
in a significant increase in IL-6 transcription 
and protein secretion (Figure 3B and 3C). 
Furthermore, the phosphorylation of down-
stream signaling molecule STAT3, which is  
activated by IL-6, was significantly increased 
(Figure 3D and 3E). These data demonstrated 
that Olaparib promotes IL-6 expression, provid-
ing a feedback mechanism in ovarian cancer 
cells.
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Figure 4. Combination of PARPi with cGAS inhibition exhibits synergetic effects to overcome PARPi resistance. A. 
qRT-PCR analysis of IFNB1 and CXCL10 mRNA in OVCAR-8 cells treated with Olaparib or/and cGAS inhibitor RU.521. 
B. ELISA quantification of IFN-β secretion in OVCAR-8 cells treated with Olaparib or/and RU.521. C. Immunoblot 
analysis of total and p-TBK1, total and p-IRF3 in OVCAR-8 cells, followed by treatment Olaparib or/and RU.521. 
D. Densitometric analysis of p-TBK1 and p-IRF3 protein expression levels was quantitated by “ImageJ” software. 
E. qRT-PCR analysis of IL6 mRNA in OVCAR-8 cells treated with Olaparib or/and cGAS inhibitor RU.521. F. CCK-8 
detection of Olaparib sensitivity in OVCAR-8 or SK-OV-3 cells treated with DMSO or cGAS inhibitor RU.521. A, B, D-G. 
Data are the mean ± SD; one-way ANOVA with Dunnett’s multiple comparisons test; *P < 0.033, **P < 0.002 and 
***P < 0.001.

cGAS inhibition synergizes with Olaparib to 
suppress tumor cell proliferation

Our previous findings demonstrated that Ola- 
parib activates cGAS-STING signaling, leading 
to promote the expression of type I interferon 
signaling and IL-6, which subsequently mediate 
feedback resistance to Olaparib in ovarian can-
cer cells. To investigate whether inhibiting cGAS 
could enhance the sensitivity of ovarian cancer 
cells to Olaparib, we conducted further studies. 
We first treated OVCAR-8 cells with the cGAS 
inhibitor Ru.521 and Olaparib. Ru.521 signifi-
cantly inhibited Olaparib-induced IFNB1 ex- 
pression and IFN-β secretion (Figure 4A and 
4B). Ru.521 rescued Olaparib-induced phos-
phorylation of TBK1 and IRF3 in OVCAR-8 cells 
(Figure 4C and 4D). Furthermore, Ru.521 in- 
hibited the Olaparib-induced increases in IL6 

expression (Figure 4E). Our findings demon-
strate that Ru.521 enhanced the sensitivity of 
the ovarian cancer cell lines OVCAR-8 and 
SK-OV-3 to Olaparib (Figure 4F and 4G). These 
findings suggest that Olaparib promotes the 
expression of inflammatory factors in ovarian 
cancer cells, and that Olaparib tolerance is 
dependent on cGAS.

Discussion

Olaparib, the first FDA-approved PARP inhibitor, 
is widely used to treat ovarian cancer. However, 
the development of drug resistance and subse-
quent relapse are common occurrences after 
PARPi treatment, including with Olaparib. Un- 
derstanding the mechanisms underlying Ola- 
parib resistance in ovarian cancer cells is cru-
cial. In this study, we elucidate the key role of 
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cGAS in mediating resistance to Olaparib. Our 
findings demonstrate that Olaparib treatment 
induces upregulation of cGAS expression in 
ovarian cancer cells. Upregulated cGAS acti-
vates STAT1 signaling through the induction of 
type I interferons and promotes the down-
stream expression of IL-6 to contributing to cell 
growth, and migration, thereby leading to can-
cer cell resistance to Olaparib. Therefore, inhib-
iting of cGAS signaling could synergize with 
Olaparib to suppress tumor growth, offering 
potential for the developing of novel anticancer 
therapies.

Prior research has primarily focused on investi-
gating alternative strategies of DNA damage 
repair when studying the mechanisms of PARPi 
resistance. However, PARPis have also shown 
effectiveness in people who have an intact abil-
ity to repair DNA damage [22]. Furthermore, 
prolonged PARP inhibition in HR-proficient tu- 
mor cells can induce DNA damage, leading to 
the activation of the type I interferon response 
and inflammation associated DNA recognition. 
Therefore, beyond the natural repair of DNA 
damage, alternative mechanisms of resistance 
to PARP inhibitors may exist, potentially linked 
to the generation of new DNA damage and sub-
sequent inflammation [23]. Our findings high-
light a significant increase in the inflammatory 
response in Olaparib-resistant cells following 
prolonged treatment with PARPi. This increase 
can be attributed to substantial upregulation of 
the innate immune adaptor molecule cGAS in 
Olaparib-resistant cells. Furthermore, Olaparib 
further stimulated the expression of cGAS. 
During tumor treatment, the accumulation of 
DNA in the plasma of cells can trigger the acti-
vation of cGAS, resulting in an increase in 
inflammatory levels [24].

The activation of cGAS-STING in cancer cells 
induced by targeted or conventional chemo-
therapeutic drugs, enables these cells to coun-
ter drug challenge through adaptive and auton-
omous responses. Drug pressure directly or 
indirectly damages DNA, leading to its leakage 
into the cytoplasm. DNA accumulated in the 
cytoplasm is sensed and triggers the cGAS-
STING signaling pathway. Cancer cells utilize 
this pathway to resist drug stress and acquire 
resistance to these drugs through the down-
stream TBK1-IRF3/NF-κB signaling pathway 
[25]. Our analysis revealed significantly in- 
creased cGAS expression in tumor tissues from 

patients with ovarian cancer, correlating with 
tumor recurrence. Furthermore, our findings 
show that Olaparib activates the downstream 
signaling molecules TBK1 and IRF3, leading to 
the production of type I interferons. Type I inter-
ferons are potent inflammatory cytokines with a 
wide range of effects. NF-κB signaling is a cru-
cial downstream signaling pathway. Our find-
ings demonstrate that Olaparib enhances the 
production of IL-6, leading to the activation of 
STAT3. The cGAS-type I IFN-IL-6-STAT3 signal-
ing plays a crucial role in mediating Olaparib 
resistance. Inhibiting this pathway may offer 
advantages for enhancing the anticancer activ-
ity of Olaparib. In our study, the cGAS inhibitor 
Ru.521 demonstrated a stronger antitumor 
effect in combination with Olaparib.

In conclusion, our study highlights the critical 
role of cGAS and type I interferon signaling  
in mediating Olaparib-resistant ovarian cancer 
cells through the activation of inflammatory sig-
naling pathways. Our findings emphasize the 
importance of targeting cGAS to overcome 
Olaparib resistance. This finding holds signifi-
cance for better understanding cGAS-STING 
function and cancer treatment. The clinical 
development of cGAS and STING inhibitors  
suggests that combining these agents with 
PARP inhibitors could potentially enhance the 
efficacy of ovarian cancer treatment.

Limitations

This study has a few limitations. We explored 
the role of the cGAS pathway in mediating 
PARPi drug resistance. cGAS is a critical intrin-
sic immune signaling molecule, and its activa-
tion typically promotes anti-tumor immunity. 
Consequently, cGAS activation may exhibit a 
dual role, promoting immune cell infiltration 
while simultaneously contributing to drug resis-
tance through chronic inflammation. A signifi-
cant limitation of this study lies in its focus on 
intrinsic immune-inflammatory factors generat-
ed by cGAS activation in promoting ovarian can-
cer cell survival. The study did not investigate 
the potential contribution of acquired immunity 
to PARPi resistance. Further research is war-
ranted to elucidate the role of cGAS in PARPi 
treatment and its interplay with the immune 
microenvironment. Furthermore, this study pri-
marily investigated the role of the cGAS path-
way in mediating PARPi drug resistance at the 
cellular level. It lacked in vivo experimental vali-
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dation. Future research should prioritize vali-
dating these findings in vivo and in clinical 
settings.
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