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Abstract: This study examined the effect of combination treatment with the poly (ADP-ribose) poly-
merase inhibitor olaparib and metformin on homologous recombination (HR)-proficient epithelial
ovarian cancer (EOC). Ovarian cancer cell lines (OV-90 and SKOV-3) were treated with olaparib,
metformin, or a combination of both. Cell viability was assessed by MTT and colony formation assays.
The production of reactive oxygen species (ROS) and changes in mitochondrial membrane potential
were examined using the specific fluorescence probes, DCFH2-DA (2′,7′-dichloro-dihydrofluorescein
diacetate) and JC-1 (5,5′,6,6′-tetrachloro-1,1′,3,3′-tetraethylbenzimidazolcarbocyanine). Apoptotic
and necrotic changes were measured by double staining with Hoechst 33258 and propidium iodide,
orange acridine and ethidium bromide staining, phosphatidylserine externalization, TUNEL assay,
caspase 3/7 activity, and cytochrome c and p53 expression. Compared with single-drug treatment,
the combination of olaparib and metformin significantly inhibited cell proliferation and colony for-
mation in HR-proficient ovarian cancer cells. ROS production preceded a decrease in mitochondrial
membrane potential. The changes in ROS levels suggested their involvement in inducing apoptosis
in response to combination treatment. The present results indicate a shift towards synergism in cells
with mutant or null p53, treated with olaparib combined with metformin, providing a new approach
to the treatment of gynecologic cancers. Taken together, the results support the use of metformin to
sensitize EOC to olaparib therapy.
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1. Introduction

Ovarian cancer is one of the most lethal gynecologic malignancies worldwide [1,2]
with a five-year survival rate of <40% [3]. The majority of women with recurrent
ovarian cancer have BRCA wild-type tumors (BRCAWT), which are difficult to treat
and are associated with poor outcomes [4]. Most type II ovarian carcinomas (96%)
have the TP53 mutation [5,6]. Cytoreductive surgery and platinum–taxane combination
chemotherapy remains the primary treatment for epithelial ovarian cancer (EOC);
however, most patients with EOC develop platinum resistance [7].

Metformin, a biguanide derivative that is commonly used as a hypoglycemic agent,
inhibits cell proliferation in several human malignancies, including pancreatic, thyroid,
gastric, endometrial, and ovarian cancers [8,9]. It demonstrated significant synergy with
chemotherapeutic drugs in both in vitro and in vivo models, including cisplatin, gefi-
tinib [10], sorafenib [11], everolimus, or trastuzumab. Metformin induces apoptosis and
inhibits angiogenesis and the metastatic spread of ovarian cancer [12]. This drug activates
mitochondrial oxidase and increases the level of reactive oxygen species (ROS) within
the mitochondrial matrix by inhibiting complex 1 of the mitochondrial electron transport
chain [13]. Metformin treatment in women with type 2 diabetes prevents ovarian cancer
occurrence. Metformin-treated patients show increased five-year survival rates. In addition,
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metformin eliminates cancer stem cells, thus contributing to a better prognosis in ovarian
cancer patients [14].

Poly (ADP-ribose) polymerase (PARP) is a superfamily of enzymes with different
cellular functions, including cell-cycle regulation, inflammation, and DNA repair. PARP
inhibitors (PARPis) increase replication stress and genome instability, thereby leading
to cell death [15]. PARPs are key components of base excision repair, which involves
the recruitment of repair enzymes to the site of single-stranded DNA breaks [16]. The
first PARPi approved by the US Food and Drug Administration (FDA) was olaparib
(Lynparza). In 2018, the FDA approved olaparib for the maintenance treatment of patients
with BRCA mutated (BRCAMUT) advanced EOC who demonstrated complete or partial
response to first-line platinum-based chemotherapy [17]. Clinical trials show that when
PARPis are used to treat ovarian cancer with BRCA mutations, the risk of death or disease
progression decreases by 70–75%. Clinical trials #19 and SOLO evaluated the efficacy
of olaparib, ARIEL3 evaluated rucaparib, VELIA evaluated veliparib, and PRIMA and
ENGOT-OV16/NOVA focused on niraparib. Although some trials expanded the use of
PARPis beyond BRCA mutation status, the effectiveness of PARPis may be limited to certain
patient populations with BRCA 1/2 mutation [18–20]. PARPis may also benefit patients
who are sensitive to platinum-based chemotherapy or have homologous recombination
(HR) deficiency caused by mutations other than those in the BRCA 1/2 genes [21]. Acquired
resistance to platinum and PARPis in EOC is associated with reversion of mutated BRCA
genes and the restoration of homologous recombination repair functions [22–24].

Studies suggest that PARP is an effective target for synthetic lethality, a phenomenon
in which the inactivation of either of two genes is nonlethal, whereas the simultaneous
inactivation of both genes is lethal [25,26]. However, a high percentage of patients with
EOC do not respond to PARPis. The successful treatment of cancer depends on the type
of cell death, and the favorable form of death is apoptosis. Apoptosis is induced by an
imbalance between pro- and antiapoptotic protein regulators. We therefore focused our
investigation on the mechanism of induction of apoptosis after combined treatment with
metformin and PARPi in HR-proficient ovarian cancer cells [27–31].

In the current study, we tested whether the addition of metformin to olaparib could po-
tentiate the effects of the PARPi and increase cell death in BRCAWT EOC with mutated and
null p53. Searching for effective treatment strategies is critical to improve the therapeutic
outcomes and median overall survival of this patient population.

2. Results
2.1. Olaparib and Metformin Reduce the Viability of Ovarian Cancer Cells

The antiproliferative activity of the compounds was assessed using the MTT assay.
To discriminate between early and late effects of olaparib and metformin, cell lines were
exposed to increasing drug concentrations for 24–72 h. Olaparib did not markedly de-
crease cell survival rate after 24 h. A similar response was observed in both cell lines.
Metformin was more cytotoxic towards ovarian cancer cells than olaparib and caused a
dose-dependent decrease in cell viability; however, attention should be paid to the differ-
ences of an order of magnitude between the doses of the drugs used. Olaparib reduced
the viability of OV-90 cells to 86.8% and metformin to 47.2%. In SKOV-3 cells, olaparib
decreased viability to 82.64%, and metformin to 49.56%, as shown in Figure 1A,B. An
additional decrease in the viability of OV-90 cells by about 30% after olaparib treatment
was achieved by extending the incubation time to 48 h (Figure 1E,F). SKOV-3 cells showed
a 40% decrease in viability after olaparib and a 14% decrease after metformin treatment
for 24 h. The results indicate marked differences in the effects of olaparib and metformin
between 72 and 48 h. As shown in Figure 1E,F, olaparib reduced the viability of OV-90 cells
to 30% and metformin reduced viability to 9.8%. In SKOV-3 cells exposed to the indicated
concentrations of the investigated drugs, the viability was reduced to a lesser degree than
in OV-90 cells. The viability in SKOV-3 cells decreased after 72 h of incubation to 31.7%
and 15.4% for olaparib and metformin, respectively. A comparison of cell viability after
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24–72 h of treatment with olaparib and metformin revealed that the duration of treatment
is more important for the cytotoxic effects of olaparib than for those of metformin.

Figure 1. Metformin in combination with olaparib decreased cell viability more effectively than each single agent.
(A,B) Cell viability after treatment for 24–72 h with olaparib (10–80 µM) and metformin (10–80 mM) in OV-90 and SKOV-3
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cells assessed by the MTT assay. (C) The combination effect of olaparib (10–80 µM) and metformin (10–80 mM) was
evaluated by the MTT assay after treatment for 24 h. (D) Drug interaction analysis based on the MTT assay after treatment
for 24 h. In both cell lines, the combination of O (20 µM) + M (20 mM) showed a synergistic effect (SKOV-3, CDI = 0.74;
OV-90 CDI = 0.94). (E) The effect of combination treatment with olaparib (20 µM) and metformin (20 mM) evaluated by the
MTT assay after treatment for 48–72 h. (F) Drug interaction analysis based on the MTT assay CDI value for combination
of O (20 µM) + M (20 mM) after treatment for 48 h (SKOV-3, CDI = 0.82; OV-90, CDI = 0.95) and for 72 h (SKOV-3,
CDI = 0.69; OV-90, CDI = 0.81). Data represent the mean ± SD of three biologic assays. * p < 0.05 for olaparib, metformin, or
a combination of both drugs vs. control cells; # p < 0.05 for olaparib vs. combination (O + M); + p < 0.05 for metformin vs.
combination (O + M).

Combined treatment with olaparib and metformin for 24 h significantly decreased
viability at 20 µM olaparib and 20 mM metformin and at higher concentrations in both
cell lines (Figure 1C). Thus, for further experiments, the lowest effective concentra-
tion pair was selected. We distinguished between low (blue line, CDI < 1) and strong
(dark blue line, CDI < 0.7) synergism in Figure 1. In both cell lines, the combination
of O (20 µM) + M (20 mM) was synergistic (SKOV-3, coefficient of drug interaction
(CDI) = 0.74; OV-90, CDI = 0.94) (Figure 1D). The studies also confirmed benefi-
cial effect at the selected concentration after longer incubation times (48 h: SKOV-3,
CDI = 0.82; OV-90 CDI = 0.95; 72 h: SKOV-3, CDI = 0.69; OV-90 CDI = 0.81, Figure 1F).

The long-term effects of single-drug (olaparib, metformin) or combined-drug treat-
ment on ovarian cancer cell lines were evaluated in vitro by performing a colony-formation
assay (Figure 2A,B). The colony-forming ability after treatment with 20 µM PARPi and
20 mM metformin was comparable between the two cell lines. Combination treatment
with O+M decreased colony formation to 39.7% in SKOV-3 (CDI = 0.67) and to 9.01%
in OV-90 cells (CDI = 0.196) (Figure 2C). In contrast to the results of the viability assess-
ment after 24 h of incubation, the OV-90 line was more sensitive to the action of the
combined treatment.

2.2. Treatment with Olaparib and Metformin Leads to Increased Oxidative Stress

The effect of metformin or olaparib alone and in combination on the production of
ROS was examined. The results showed that ROS levels depended on the cell line and the
treatment duration.

The cellular DCF (2′,7′-dichlorofluorescein) fluorescence intensity was lower in cells
incubated with each drug alone than in cells treated with the drug combination. The
combination of olaparib and metformin had a stronger effect on ROS generation than each
drug alone. The greatest enhancement of ROS production was observed after 15 min of
combination treatment. The highest fluorescence intensity of the probes was 156% and
186% of starting value in SKOV-3 and OV-90 cells, respectively. After an initial sharp
increase in ROS level, a gradual decrease to almost control level occurred during the
next 90 min, as shown in Figure 3A. This suggests that intracellular antioxidant systems
neutralized ROS.

When both cell lines were treated with single drugs, the highest fluorescence intensity,
indicating the presence of ROS, was also observed after 15 min of incubation. Both met-
formin and olaparib alone induced similar (~35%) levels of ROS in SKOV-3 or OV-90 cancer
cells. However, the kinetics of this process was different and cell-dependent. In OV-90 cells,
the decrease in the level of ROS after incubation was slower and achieved 120% of starting
value after 60 min. In SKOV-3 cells, after 90 min of incubation, ROS levels decreased to
~98% for metformin and to ~86% for olaparib. In both cell lines, pre-incubation with NAC
protected cells from ROS, decreasing its amount to the control level (Figure 3A).

2.3. The Combination of Metformin and Olaparib Modulate the Release of Cytochrome c and
Causes loss of Mitochondrial Membrane Potential

The impact of metformin, olaparib, and combination treatment on the mitochondrial
membrane potential (∆Ψm) in OV-90 and SKOV-3 cells was assessed using fluorimetric
analysis after staining with the fluorescent dye 5,5′,6,6′-tetrachloro-1,1′,3,3′- tetraethyl-
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benzimidazolcarbocyanine (JC-1) (Figure 3B). The red fluorescence of JC-1 dimers (high
mitochondrial potential) was observed in control cells. Drug treatment dramatically in-
creased the green fluorescence of JC-1 monomers, indicating a decrease in mitochondrial
membrane potential. The highest green fluorescence intensity was observed in OV-90
cells treated with the drug combination. In SKOV-3 cells, strong green fluorescence of
JC-1 monomers was observed after treatment with metformin and drug combination. In
probes preincubated with the antioxidant NAC, the fluorescence was similar between
treated cells and control cells. All drugs induced time-dependent changes. The rate of JC-1
probe fluorescence in OV-90 cells decreased by 11% after 2 h of incubation with metformin,
whereas no changes were observed in response to olaparib. Drugs used in combination
caused the highest decrease in the ∆Ψm (26% after 2 h of treatment and 22% after 24 h).
SKOV-3 cells were more sensitive to metformin regarding ∆Ψm changes. However, the
effect did not differ between single and combination treatment regardless of the incubation
time. chlorophenylhydrazone (CCCP), an uncoupler of oxidative phosphorylation, was
used as a positive control for depolarization of the ∆Ψm and cells were treated for 30 min
before staining.

Figure 2. Prolonged incubation with metformin in combination with olaparib decreased colony numbers (A,B). Colony formation
was evaluated following treatment with 20 µM olaparib, 20 mM metformin, or combination treatment with olaparib (20 µM) and
metformin (20 mM) in SKOV-3 and OV-90 cells. (C) Drug interaction analysis based on colony formation assay. Data represent
the mean ± SD of three biologic assays. * p < 0.05 for olaparib, metformin, or a combination of both drugs vs. control cells;
# p < 0.05 for olaparib vs. combination (O + M); + p < 0.05 for metformin vs. combination (O + M).
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Figure 3. Metformin combined with olaparib induced oxidative stress and decreased the mitochondrial membrane potential.
(A) The kinetics of ROS generation in OV-90 and SKOV-3 cells treated with O (20 µM), M (20 mM), or O (20 µM) + M
(20 mM) were measured for up to 90 min in the presence or absence of an antioxidant (NAC); C: control, CPT: Camptothecin.
(B) The fluorescence ratio of JC-1 dimers/JC-1 monomers in the control was assumed to be 100%. OV-90 and SKOV-3
cells were stained with the fluorescence probe JC-1 after 24 h of incubation with O (20 µM), M (20 mM), or O (20 µM) + M
(20 mM) or carbonyl cyanide m-chlorophenyl hydrazone (CCCP) (10 µM), or CPT (5 µM). (C) Cytochrome c and β-actin
expression was analyzed by western blotting. All data are from three biologic assays and are graphed as the mean ± SD.
* p < 0.05 for olaparib, metformin, or a combination of both drugs vs. control cells; # p < 0.05 for olaparib vs. com-bination
(O + M); + p < 0.05 for metformin vs. combination (O + M).
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The disruption of mitochondrial integrity is a key event in apoptosis. OV-90 and
SKOV-3 cells were treated with O (20 µM), M (20 mM,) O (20 µM) + M (20 mM), or CPT
(5 µM) for 24 h. The combination of metformin and olaparib upregulated cytochrome c
to a greater extent than single treatment with metformin or olaparib (Figure 3C), and this
effect was stronger in SKOV-3 cells. PARP inhibition led to a 1.2-fold increase in the level
of cytochrome c in SKOV-3 and a 3.8-fold increase in OV-90 cells. Metformin upregulated
cytochrome c by 1.2-fold in SKOV-3 and 4.3-fold in OV-90 cells, whereas combination
treatment upregulated cytochrome c by 3.8-fold, the same as olaparib, in OV-90 cells. In
SKOV-3 cells, combination of drugs caused a 2-fold increase compared with the control.
Histograms with a fold changes of cytochrome c expression are shown in Figure S1.

2.4. Metformin Increase the Sensitivity of Ovarian Cancer Cells to Olaparib—Assessment of
Apoptosis and Necrosis by Double Staining

To determine the type of cell death induced by metformin and olaparib in ovarian
cancer cells, the morphological changes of the cells were analyzed after double staining
with Hoechst 33258/propidium iodide and acridine orange/ethidium bromide. Generally,
apoptotic changes were greater in SKOV-3 cells. Combination treatment caused an almost
2-fold higher increase in the fraction of early apoptotic cells than each drug alone. Similarly,
the percentage of late apoptotic cells was also significantly higher after combination treat-
ment (28.4% for combination treatment vs. 5.1% for olaparib and 8.2% for metformin). In
the OV-90 cell line, the changes were not as pronounced as in the SKOV-3 cell line, and the
percentages of early and late apoptotic and necrotic cells of each investigated fraction after
the combined treatment were lower at 13.8%, 7.9%, and 14.2%, respectively. The results are
presented in Figure 4A.

Double staining with acridine orange and ethidium bromide allowed the detection
of the morphological features of apoptosis such as chromatin condensation and nuclear
fragmentation, as well as alterations in the size and the shape of the cells. Changes were
observed mainly after the combined treatment with olaparib and metformin (Figure 4B).
Swollen, red fluorescent cells, which are characteristic of necrotic cell death, were also
visible. The significant increase in the number of apoptotic and necrotic cells after combina-
tion treatment, compared with each drug alone implies that combination treatment had a
greater cytotoxic effect in both tested cell lines. The results are in accordance with those
obtained by double staining with Hoechst 33258 and propidium iodide.

2.5. Metformin in Combination with Olaparib Increases Caspase 3/7 Dependent DNA Damage and
Phosphatidylserine Externalization in Ovarian Cancer Cells

To evaluate the possible role of apoptosis features after olaparib or metformin treat-
ment as well as their combination, the mode of cell death triggered by these drugs was
investigated using Annexin V, TUNEL, and caspase3/7 assays. Measurement of phos-
phatidylserine (PS) externalization, revealed that OV-90 cells were more susceptible to
changes in the cell membrane than SKOV-3 cells. Generally, metformin monotherapy
increased Annexin fluorescence intensity to a greater extent than olaparib. In the SKOV-3
cell line, the intensity of Annexin fluorescence was >2-fold higher in the samples incubated
with the two drugs (7.67) than in those treated with olaparib (2.52), which showed signif-
icantly lower fluorescence than those treated with metformin (6.07). Similar differences
in Annexin fluorescence intensity between olaparib (11.45) and metformin monotherapy
(20.16) were observed in the OV-90 cell line. However, cotreatment strategies resulted
in a significant increase in PS externalization (21.01) only when compared with olaparib
treatment, and these changes were not statistically significant compared with metformin
monotherapy (20.15).
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Figure 4. Combination treatment caused a greater cell death in both tested cell lines compared with each drug alone.
Representative images of the apoptotic and necrotic changes caused by the compounds; C: control. The cells were visualized
under a fluorescence microscope (Olympus IX70). (A) Apoptotic and necrotic changes visualized after double staining
with Hoechst 33258/propidium iodide. (B) Apoptotic and necrotic changes visualized with acridine orange and ethidium
bromide staining. Data are from three biologic assays and are graphed as the mean ± SD. * p < 0.05 for olaparib, metformin,
or a combination of both drugs vs. control cells; # p < 0.05 for olaparib vs. combination (O + M); and + p < 0.05 for metformin
vs. combination (O + M).

An important feature of apoptotic cells used for the detection of programmed cell
death is DNA fragmentation into sections equal to the multiples of the length of nucle-
osomes (180–200 bp) [32]. TUNEL-positive cells with the 3′-hydroxyl termini of DNA
strand breaks were observed in the SKOV-3 and OV-90 cell lines after drug treatment. Drug
combination caused the most pronounced increase in apoptotic cells (approximately 30%)
in the SKOV-3 cell line after the 24 h of incubation. At the same time point, a considerably
lower number of TUNEL-positive events was detected in cells treated with olaparib or
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metformin alone at approximately 22% and 18%, respectively (Figure 5). The OV-90 cell
line was significantly more resistant to apoptosis induction by the drugs than the SKOV-3
cell line. The percentage of cells with 3′-hydroxyl termini of damaged DNA after met-
formin treatment (7.9%) did not differ markedly from that in olaparib-treated cells (8.2%).
The drug combination also induced significant changes in the OV-90 cells (about 17.4%).
Comparison of the viability and the apoptotic, necrotic and total cells death in SKOV-3 and
OV-90 cell lines after 24 h treatment with metformin (20 mM), olaparib (20 µM) and their
combination (20 mM + 20 µM) is shown in Table S1.

Caspases are key mediators of DNA fragmentation. Caspase 3/7 activation, indepen-
dently of the type of drug, achieved the maximal level after 24 h of treatment in both cell
lines. Generally, the increase in caspase 3/7 activity was higher in samples exposed to the
drug combination than in those treated with metformin or olaparib alone. The greatest
increase in caspase activation was observed with metformin treatment and did not exceed
60% in OV-90 cells and 50% in SKOV-3 cells. A slight increase in caspase activity (by 26%
in OV-90 and 40% in SKOV-3) was observed in cells treated with olaparib alone. Activation
of cysteine proteases after treatment with the drug combination was considerably greater
in SKOV-3 cells than in OV-90 cells (82% vs. 70%) after 24 h of treatment. Taken together,
these findings suggest that SKOV-3 cells were more susceptible to apoptosis induced by the
drug combination than OV-90 cells (Figure 5D). Changes in caspase 3/7 activity in SKOV-3
and OV-90 cells treated with metformin or olaparib and their combination for 24 h in the
presence of the caspase inhibitor, Z-FA-FMK are shown in Figure S2.

Cells were treated with a caspase-3/-7 activity inhibitor to confirm that the enzymes
activated by the compounds were cysteine proteases. The inhibitors caused a decrease in
the activity to a level observed in the control samples, indicating that the reactions were
specific and resulted from the activity of the tested compounds (data not shown).

The effect of the treatment on a key tumor suppressor protein, p53, was measured by
western blotting, as shown in Figure 5A. The cells were treated with O (20 µM), M (20 mM),
O (20 µM) + M (20 mM) or CPT (5 µM) and lysates were collected at 24 h. In the OV-90 cell
line, which carries a p53 mutation, combination treatment led to a 3.3-fold decrease in the
level of p53, whereas olaparib and metformin alone caused a 1.3-fold and 2-fold decrease,
respectively, compared with the control. SKOV-3 has no p53 activity, as it lacks a TP53
functional gene. Histograms with a fold changes of p53 expression are shown in Figure S1.
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Figure 5. DNA damage and the rate of apoptosis induced by olaparib, metformin, and their combination
in OV-90 and SKOV-3 cells. (A) The cells were treated with O (20 µM), M (20 mM), or O (20 µM) + M
(20 mM) with or without CPT (5 µM) and lysates were collected at 24 h. p53 and β-actin expression was
analyzed by western blotting. SKOV-3 has no p53 activity. (B) After 24 h of drug treatment, the intensity
of Annexin fluorescence was measured in cells with exposed PS. The results are presented as relative
fluorescence units [RFU]. (C) Representative histograms obtained for samples treated with metformin
or olaparib and its combination. The position of the marker representing TUNEL-positive cells (with
fragmented DNA) was adjusted according to the negative control. (D) Changes in the activity of caspase
3/7 after exposure of SKOV-3 and OV-90 cell lines to metformin or olaparib and their combination for
24 h. The results are presented as a percentage activity of caspase 3/7, where the fluorescence value of the
un-treated control was taken as 100%. (E) The effect of metformin, olaparib, and their combination on the
induction of DNA damage in the SKOV-3 and OV-90 cancer cell lines, as estimated by the TUNEL assay.
All data are from the three biologic assays and are graphed as the mean ± SD. * p < 0.05 for olaparib,
metformin, or a combination of both drugs vs. control cells; # p < 0.05 for olaparib vs. combination
(O + M); + p < 0.05 for metformin vs. combination (O + M).
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3. Discussion

Targeted therapies have achieved good results in many types of cancer, although their
efficacy is limited by problems such as toxicity and resistance. To address these limitations,
the combined use of known drugs has drawn considerable attention. Olaparib (PARPi)
was approved as a first-line maintenance therapy for BRCAMUT advanced ovarian cancer;
however, only a small percentage of EOC (~15%) cases are BRCA-mutated, and resistance
to olaparib is common. Most patients with high-grade serous EOC exhibit the phenotype
of defective HR without BRCA mutations known as “BRCAness” [33]. Metformin is a
low-toxicity therapeutic approach that targets various key pathways and is crucial for
cancer treatment [34]. Metformin has been used for over 60 years, whereas olaparib is a
relatively new drug that has been used as part of chemotherapy since the beginning of 2015.
Metformin and olaparib have high antineoplastic activity against advanced and metastatic
ovarian cancer types resistant to anthracyclines, which has opened new possibilities for
the treatment of these tumors. In clinical trials, PARPis significantly increased the efficacy
of standard therapies through combination treatment with carboplatin (NCT01033292),
cediranib (NCT02681237), or nivolumab (NCT03522246). In breast cancer cells, metformin
induces cell death via PARP activation and apoptosis [33], and in ovarian cancer, it induces
cell death in combination with other drugs such as cisplatin [34–36].

It should be noted that cell-culture conditions may be an important determinant
of metformin resistance in the treatment of some cancers. Cancer cells having different
metabolic phenotypes, show clear differential response to metformin treatment based
on glucose concentration [37]. Recent data showed that low glucose (2.5mM) in culture
medium enhances sensitivity of SKOV-3 cells to metformin. These results suggested that
low glucose and metformin induce cell apoptosis through triggering ER stress, which is
associated with the ROS/ASK1/JNK pathway. Moreover, ASK1 activation was involved
in the loss of mitochondrial membrane potential, caspase 3 cleavage and the subsequent
release of cytochrome c [38]. As a rule, cell culture media contain up to 55 mM glucose,
while typical plasma levels are ranged from 5 to 7 mM. Higher than 10 mM represents
a “diabetic” concentration. In our work, both cell lines were cultured in media with
glucose levels above 10 mM, representing more metformin resistance conditions. The aim
of this study was to determine the effectiveness of combination treatment with olaparib
and metformin in a research model representing an oncological ovarian disease. There
is an urgent need for basic molecular research to provide key answers regarding the
molecular mechanism underlying olaparib function. In this study, we evaluated how
treatment with metformin would affect the anti-tumor efficacy of olaparib and whether it
was possible to achieve synthetic lethality in wild-type BRCA ovarian cancer cells [39,40].
The results demonstrate that olaparib 20 µM-metformin 20 mM combination treatment
for 24 h significantly decreased the viability of SKOV-3 cells to 56% and that of OV-90
cells to 80%. Cell lines with a mutated p53 gene (OV-90) might be more sensitive to
therapy if exposed to compounds for a prolonged period (Figure 1D,E). The “BRCAness”
phenotype may be the result of homologous recombination deficiency due to dysfunction
of genes other than BRCA1/2, such as TP53. The high frequency of deletions and insertions
in the TP53 gene observed in these tumors may be the result of a deficient DNA-repair
pathway, which makes the tumor more sensitive to cell death [41]. It is difficult to determine
the percentage of ovarian cancer cases associated with disturbances in the HR process
(resulting from mutations in genes other than BRCA 1/2). Disturbances in expression,
regulation, or mutation of the HR genes are observed in almost half of the patients with
advanced ovarian cancer. Although they mainly affect the BRCA1 and BRCA2 genes, they
have been detected in other genes such as RAD51C hypermethylation (RAD51 paralog C),
ATM (ataxia telangiectasia mutated serine-protein kinase gene), or ATR mutations, and
mutations of the HR interacting Fanconi anemia gene [42–44].

Cancer cells have a higher output level of ROS than healthy cells, which makes them
susceptible to changes in the intracellular antioxidant systems responsible for maintaining
redox balance [35]. Unrepaired single-strand breaks (SSBs) resulting from oxidative damage
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are directed to HR and contribute significantly to PARPi toxicity. PARP1 is involved in the
regulation of mitochondrial function and oxidative metabolism [36,45]. Thus, the repair
of oxidative damage may contribute to changes in the toxicity of PARPis [46,47]. In this
study, both drugs induced ROS production, and it was one of the earliest signs of the
activity of the tested compounds in EOC. Metformin can oppose the Warburg effect in
favor of oxidative phosphorylation as a result of 5’ AMP-activated protein kinase (AMPK)
activation, and thus acts as a metabolic tumor suppressor [48]. This biguanide derivative is
a partial inhibitor of complex 1 of the mitochondrial electron transport chain. Metformin
increases the level of ROS in OVCAR3, CAOV3, and SKOV3 ovarian cancer cells [13].
An AMPK-independent upstream pathway for metformin can lead to the genesis of ROS
and damage to the mitochondria in cancer cells and thus lead to their death [49,50]. The
inhibition of PARP activity by olaparib increases the levels of NADPH oxidases 1 and 4,
leading to ROS production [36]. Lahiguera et al. showed that incubation with metformin
increases mitochondrial ROS to a greater level in Trp53/BRCA2-deleted cells than in
Trp53-deleted cells [51].

P53, a key tumor-suppressor protein involved in apoptosis, DNA repair, cell cycle,
and senescence, is encoded by the TP53 gene, which is the most frequently mutated gene
in tumors [52,53]. In response to different forms of cellular stress, p53 activates the DNA
damage response and causes cell-cycle arrest. Different protein–protein interactions and
posttranslational modifications regulate its functions and stability [54,55]. High-grade
serous carcinomas often involve p53 mutations [56] and such mutations are associated
with tumor progression, metastasis, adverse clinical outcome, and the development of
chemoresistance in ovarian cancer [57]. Mutations in p53 can be categorized as gain of
function, which are caused by single amino acid alterations, typically in the DNA binding
domain, or loss of function (p53 null) [58]. The OV-90 cell line carries a S215R p53 mutation,
whereas SKOV-3 lacks a TP53 functional gene because of a single nucleotide deletion at
position 267 (codon 90) [30,59–61]. The present results indicate that the combination of
metformin and olaparib may significantly downregulate p53 expression in p53MUT ovarian
cancer cells. Consistent with the studies by Park et al. and Patel et al., SKOV-3 cells
did not show p53 expression [61–63]. Tumor-associated p53 mutations may also alter
metabolic pathways including glycolysis and stimulate the Warburg effect [64]. Several
studies have shown that p53 is involved in the anti-tumor activity of metformin. At high
doses, metformin inhibits the mitochondrial respiratory chain complex I and activates
AMPK, which can further induce p53 phosphorylation and activation in melanoma [65].
Metformin inhibits MdmX (Mdm4, a p53 binding protein with structural similarity to
Mdm2) expression, leading to p53 activation and cell death [66]. Thus, metformin inhibits
cancer cell growth and survival in both p53-dependent and p53-independent ways. Smeby
et al. showed that talazoparib, another PARPi, increases the number of TP53-positive
nuclei in p53WT cells, suggesting that the response to PARPis may provide a link between
wild-type TP53 and HR deficiency, connected with RAD51 [67]. However, long-term (five
days) treatment with 5 µM olaparib downregulates p53 in the p53MUT ovarian cancer cell
line OVCAR-3, whereas in the p53WT cell line A2780, it upregulates p53 expression [68].
Ishiguro et al. reported p53 accumulation after triapine treatment in OV-90 cells, and
suggested that this particular cell line may contain both wild-type and mutated TP53
genes [63].

The inhibition of mitochondrial complex I by metformin induces metabolic stress [69].
On the other hand, PARPis induce DNA replication stress via nucleotide exhaustion
and PARP trapping [70]. The simultaneous occurrence of both types of cellular stress
may transmit signals to the mitochondria, as suggested by the decreased mitochondrial
membrane potential due to increased ROS production (Figure 3B). Such mitochondrial
stress is triggered by DNA damage, which also induces apoptosis by phosphorylating
mitochondrial proteins involved in the release of cytochrome c [71]. Metformin combined
with 2.5 mM glucose upregulates cytosolic cytochrome c in SKOV3 cells and decreases
mitochondrial membrane potential, suggesting that low glucose and metformin trigger
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cell apoptosis through the mitochondria-associated pathway [38]. Metformin (20 mM) and
fingolimod (20 µM) synergistically affect the levels of cytochome c and loss of mitochondrial
membrane potential [72]. Metformin induces apoptosis by upregulating cytochrome
c expression in SKOV-3 cells; however, cell death is enhanced by the combination of
carboplatin and/or paclitaxel [73]. Combined inhibition of PARP by olaparib and XIAP
(X-linked inhibitor of apoptosis protein) by embelin synergistically cause the release of
cytochrome c from mitochondria into the cytosol in breast cancer cells [74]. Another
study indicated that olaparib treatment only slightly increases basal cytochrome c release
in thyroid carcinoma [75]. In this study, olaparib combined with metformin increased
ROS production, probably leading to mitochondrial damage and ultimately abolishing
the protective effect of PARPi on mitochondria. Previously, it was confirmed that PARP1
regulates Pol γ repair activity in a NAD-dependent manner in mitochondrial base excision
repair, and olaparib increases mtDNA mutations [76]. A similar study showed that the
PARPi PJ34 protects mitochondria, but also induces DNA-damage mediated apoptosis in
combination with cisplatin or temozolomide [77].

Gene mutations confer cancer cells immortality and thus resistance to programmed
cell death, thereby achieving the ability of unlimited proliferation [78]. We showed that
metformin and olaparib could induce apoptosis. The present results contribute to a better
understanding of the molecular basis of the apoptotic properties of the investigated drugs in
ovarian cancer cells. Metformin may promote apoptosis in A2780, ES2, and SKOV-3 ovarian
cancer cell lines [79]. Similar results were reported in other epithelial ovarian cancer cell
lines, such as PA-1 and OVCAR-3 [80]. However, a study reported that apoptosis of SKOV-
3, OVCAR-3, and HO8910 ovarian cancer cell lines was weakly induced by metformin
alone and only under low glucose cell culture conditions [38]. Cell death of lymphocyte-
derived cell lines induced by olaparib varies between cell types; Reh and Granta-519 cells
die by apoptosis, whereas U698 and JVM-2 cells undergo necrosis [81]. PARPis inhibit cell
proliferation and promote apoptosis in the human breast cancer cell line Bcap37, and this
effect is enhanced by paclitaxel [82].

In this study, detection of DNA fragmentation during apoptosis, as well as measure-
ment of caspase 3/7 activation, clearly revealed that combination therapy resulted in a
higher level of apoptosis hallmarks than monotherapy in both investigated cell lines. How-
ever, SKOV-3 cells were more susceptible to apoptosis induced by the combination of the
drugs than OV-90 cells. These observations are consistent with previous studies. Olaparib
increases the metformin-induced activation of AMPK. Metformin at 20 mM increases the
level of cleaved caspase-3 in SKOV-3 and Hey cell lines [83]. Olaparib at 5 µM slightly
increased the cleavage of caspase-3 in high-grade serous ovarian carcinoma cells [84].
However, reports also show that the combination of metformin and olaparib does not
induce marked apoptosis in BRCA1-intact ovarian cancer cells, although cell-cycle analysis
revealed a significant S-phase arrest. Combination therapy also significantly inhibited
SKOV3-generated ovarian tumor xenografts [85]. The cell death mechanisms induced by
metformin and olaparib are pleiotropic and depend on the type of cell line. The sensitivity
of tumors to olaparib depends on the metabolic profile. Thus, by increasing the glycolysis
rate, metformin may alter the capacity of olaparib to induce apoptosis [51].

The effectiveness of the metformin and olaparib combination was confirmed in other
studies. This treatment strategy is currently being investigated in the ENDOLA phase I/II
study [86]. Data show that metformin can reverse PARPi-induced epithelial-mesenchymal
transition and PD-L1 upregulation in triple-negative breast cancer by sensitizing PARPi-
resistant cells to cytotoxic T cells [87]. Another study demonstrated that biguanides
in combination with PARPis synergistically reduce epithelial–mesenchymal transition,
proliferation, and survival of ovarian drug-resistant cancer cells [78]. Biguanides alone
(phenformin, metformin) or in combination with low doses of olaparib inhibit the survival
of A2780PAR cells and their resistant clone, A2780CR [78]. Despite the emergence of
promising new clinical trials, a large group of patients with ovarian cancer is still excluded.
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This study provides a basis for further preclinical tests expanding the target group to
patients with BRCAWT ovarian cancer.

4. Materials and Methods
4.1. Reagents

Culture media (RPMI 1640, cat. 72400054 and DMEM, cat. 32430100) were obtained
from Gibco (Thermo Fisher Scientific, Waltham, MA, USA). Fetal bovine serum (FBS) was
from Capricorn Scientific GmbH (Ebsdorfergrund, Germany). Trypsin-EDTA, penicillin,
streptomycin, metformin, MTT, Hoechst 33258, PI and JC-1 were from Sigma-Aldrich
(St. Louis, MO, USA). Apo-ONE® Homogeneous Caspase 3/7 Assay was from Promega
Corporation (Madison, WI, USA). PARPi (AZD2281; O) was purchased from Selleckchem.
Apo-BrdU In Situ DNA Fragmentation Assay Kit and Annexin V-FITC were supplied by
BioVision Inc. (Milpitas, CA, USA). Other chemicals and solvents were of high analytical
grade and were obtained from Sigma-Aldrich or Avantor Performance Materials Poland
S.A. (Gliwice, Poland).

4.2. Cell Culture and Drug Administration

OV-90 [human malignant papillary serous carcinoma, American Type Culture Col-
lection (ATCC) CRL-11732™], SKOV-3 (human ovarian adenocarcinoma, ATCC HTB-77)
cell lines were purchased from the ATCC (Rockville, MD, USA). During this study, cells
were thawed and passaged within two months in each experiment. SKOV-3 and OV-90
cells were cultured in RPMI 1640 (11.11 mM D-glucose) and DMEM (25 mM D-glucose),
respectively. Both media were supplemented with 10% FBS, penicillin (10 U/mL) and
streptomycin (50 µg/mL). Investigated cell lines were regularly checked for mycoplasma
contamination, as described previously [88]. The cells were cultured under an atmosphere
of 5% CO2 and 95% air at 37 ◦C.

4.3. MTT Assay

Drug cytotoxicity against SKOV-3 and OV-90 ovarian cancer cells was estimated
using the standard microplate MTT colorimetric method. Logarithmically growing cells
(1 × 104 SKOV-3 and OV-90 cells/well) were seeded on 96-well plates, and 24 h later
were treated with different concentrations (10–80 µM) of PARPi (AZD2281) and metformin
(10–80 mM) and incubated for another 24–72 h. At the end of the incubation period, the
medium was removed and 50 µL of MTT (at a final concentration of 0.5 mg/mL) was
added to each well after two washes with phosphate buffered saline (PBS). Subsequently,
microplates were incubated for 4 h. Then the violet formazan crystals were dissolved in
100 µL DMSO per well. Absorbance was measured at 570 nm with a microplate reader
(Awareness Technology Inc., Palm City, FL, USA) [89].

To select the most effective ratio of olaparib: metformin, several concentration ratios
of the compounds (1:1000) were tested. To analyze the drug interactions between olaparib
combined with metformin, the CDI was calculated [90]. CDI is defined by the following
formula: CDI = AB/(A × B). According to the absorbance of each group, AB is the ratio of
the two-drug combination group to the untreated control group, and A or B is the ratio
of the single-drug group to the control group. CDI < 1 indicates synergism, CDI < 0.7
significant synergism, CDI = 1 additivity, and CDI >1 antagonism.

4.4. Clonogenic Assay

The effect of olaparib and metformin on cell growth was assessed using a clonogenic
assay. For this analysis, 200 cells were plated onto 6-well plates in complete growth medium,
and after overnight attachment, the cells were exposed to the indicated compounds for
24 h. The cells were then washed with medium and allowed to grow for 10–14 days under
drug-free conditions. After that, the cell colonies were fixed with a methanol/acetic acid
(7:1) solution for 10 min and stained with 0.5% crystal violet for 20 min. The plates were
rinsed with water, air-dried, photographed, and evaluated for colony estimation. Colonies
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containing more than 50 cells were counted as described previously [91]. For each sample,
the results from three replicates were averaged. To analyze the drug interaction between
olaparib and metformin, the CDI was calculated [90].

4.5. Measurement of ROS Production

Production of ROS was measured using the 2′,7′-dichloro - dihydrofluorescein di-
acetate (DCFH2-DA) probe as described previously [91]. Intracellular ROS levels were
determined directly in cell monolayers in 96-well microplates using a Fluoroskan As-
cent FL microplate reader (Labsystems, Stockholm, Sweden). Cells were preincubated
with DCFH2-DA in the culture medium at a final concentration of 5 µM for 30 min at
37 ◦C [20]. The kinetics of ROS generation in OV-90 and SKOV-3 cells after treat-
ment with 20 µM olaparib and/or 20 mM metformin were measured for up to 90 min
in the presence or absence of an antioxidant (1 mM NAC, N-acetylcysteine). In our
experiments, we used 400 µM of H2O2 as a positive control (data not shown). The
fluorescence of DCF was measured at 530 nm after excitation at 485 nm (DCFH2-
DA, after deacetylation to DCFH2, is oxidized intracellularly to its fluorescent deriva-
tive, DCF). Assays were performed in modified Hank’s buffered salt solution (HBSS;
140 mM NaCl, 5 mM KCl, 0.8 mM MgCl2, 1.8 mM CaCl2, 1 mM Na2HPO4, 10 mM
HEPES. and 1% glucose, pH 7.0, without phenol red).

4.6. Mitochondrial Membrane Potential (∆Ψm)

Cells were seeded into 96-well microplates. After 24 h, cells were incubated with the
drugs or CCCP, an uncoupling mitochondrial agent (10 µM) for 24 h. In the experiments
with the antioxidant the cells were preincubated with 1 mM NAC for 1 h and then treated
with drugs for 24 h. Additional positive controls were cells treated with 5 µM CPT for
24 h. At the end of treatment, the medium was removed, and the cells were incubated in
total darkness with 5 µM JC-1 in HBSS for 30 min at 37 ◦C. The fluorescence of both JC-1
monomers and dimers was measured on a Fluoroskan Ascent FL microplate reader using
filter pairs of 530/590 nm (dimers) and 485/538 nm (monomers). Prior to fluorescence
measurements and photography, cells were washed twice with HBSS to remove the dye,
which otherwise could have adsorbed on the microplate well plastic and distorted mea-
surements. The results shown in the figures are expressed as a ratio of dimer to monomer
fluorescence in relation to the control fluorescence ratio, taken as 100%. The cells presented
in the images were incubated with drugs for 48 h. JC-1 fluorescence was photographed
immediately after drug treatment with an inverted Olympus IX70 fluorescence microscope
(Olympus, Tokyo, Japan).

4.7. Morphological Assessment of Apoptosis and Necrosis—Double staining with Hoechst 3325
and Propidium Iodide and Double Staining with Orange Acridine and Ethidium Bromide

To determine the ratio between live, apoptotic, and necrotic cell fractions, simultane-
ous cell staining with Hoechst 33258 and PI was performed as described previously [92].
These fluorescent dyes vary in their spectral characteristics and ability to penetrate cells.
The analysis was performed with the Olympus IX70 fluorescence microscope. Cells
were cultured with the drugs for 24 h. Then, the cells were removed from the culture
dishes by trypsinization, centrifuged, and suspended in PBS to a final concentration of
1× 106 cells/mL. One microliter of Hoechst 33258 (0.13 mM) and 1 µL of PI (0.23 mM) were
added to 100 µL of the cell suspension. At least 100 cells were counted under a microscope
on each slide and each experiment was done in triplicate. Cells were classified as live,
apoptotic or necrotic on the basis of their morphological and staining characteristics and
the percentages of particular cell types were determined from the total number of cells.
Cells were classified as live (bright blue fluorescence), early apoptotic cells (cells showing
intensive blue fluorescence), late apoptotic cells (blue–violet stained cells with concomitant
apoptotic morphology), and necrotic cells (red fluorescence). Additional positive controls
were cells treated with 5 µM CPT, for 24 h.
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4.8. Caspase 3/7 Assay

The activity of caspase-3 and -7 was estimated with the Apo-ONE® Homogeneous
Caspase 3/7 Assay (Promega Corporation, Madison, WI, USA) according to the manu-
facturer’s protocols, as described in our previous article [93]. Measurement of caspase
activation in the control and treated cells seeded in 96 black well plates was recorded by
monitoring changes in fluorescence after 24 h of incubation with the investigated com-
pounds. The intensity of fluorescence was measured using a Fluoroskan Ascent FL plate
reader (Labsystems, Helsinki, Finland). Cysteine protease activity was expressed as the
ratio of fluorescence of the treated samples relative to the corresponding untreated controls,
the latter taken as 100%. Z-FA-FMK (R&D Systems, Minneapolis, MN, USA), a caspase-3
inhibitor, was used in the control experiments to confirm that the observed fluorescence in
both the control and the drug-treated cells was due to the presence of caspases-3/7 in the
samples. As additional positive controls, cells treated with 5 µM CPT for 24 h were used to
independently induce apoptosis and confirm that the observed fluorescence was due to
the presence of cysteine proteases in the samples.

4.9. Measurements of DNA Damage during Apoptosis—TUNEL Assay

The Apo-BrdU DNA Fragmentation Assay Kit (BioVision, Milpitas, CA, USA) was
used to examine DNA damage during apoptosis according to the protocol described in our
previous articles [94,95]. This method enables the detection of the early stage of apoptosis
by labeling the 3′ OH ends of single- and double-stranded DNA fragments with Br-dUTP
(bromolated deoxyuridine triphosphate nucleotides). The Br-dUTP fragments are detected
by the fluorescein labeled anti-BrdU monoclonal antibody, which produces a brighter
signal. The control and drug-treated cells were fixed in 4% paraformaldehyde freshly
prepared in PBS and incubated for 1 h at 37 ◦C in DNA Labeling Solution containing a
terminal deoxynucleotidyl transferase (TdT) Reaction Buffer, Tdt, and Br-dUTP. Next, the
cells were resuspended in an antibody solution containing an anti-BrdU-FITC antibody
(in total darkness for 30 min at room temperature) and incubated with the propidium
iodide/RNase A solution. The cell fluorescence was measured by flow-cytometry (LSR
II, Becton Dickinson). The green fluorescence of FITC at 520 nm and the red fluorescence
of propidium iodide at 623 nm were detected. The number of TUNEL-positive cells was
expressed as a percentage of the total number of cells in the sample. As additional, positive
controls, cells treated with 5 µM CPT for 24 h were used to independently induce apoptosis
(data not shown).

4.10. Phosphatidylserine Externalization Measurement

After 24 h of treatment with olaparib or metformin alone and in combination, SKOV-3
and OV-90 cells were collected from 60 mm Petri dishes, centrifuged (200× g, 5 min),
and washed with HBSS. Control and drug-treated cells (5 × 105) were resuspended in
500 µL binding buffer containing 5 µL of Annexin V FITC and stained for 15 min at room
temperature. Next, control and treated cells were transferred (100 µL, 1 × 105 cells/well)
to 96-well black plates, centrifuged to remove unbound Annexin V (200× g, 5 min), and
resuspended in 100 µL fresh binding buffer. Then, the fluorescence intensity was analyzed
on a Fluoroskan Ascent FL microplate reader (Labsystems) using 485 nm excitation and
525 nm emission wavelengths.

4.11. Western Blot Analysis

The cells were treated and lysed in cell extraction buffer (Invitrogen™, Waltham, MA,
USA) containing a protease inhibitor cocktail and PMSF (Sigma-Aldrich) in accordance
with the manufacturer’s protocol. The protein concentration was determined using the
Bradford method. Proteins (35 µg per lane) were separated by SDS polyacrylamide gel
electrophoresis and transferred onto 0.45 µm PVDF membranes using semi-dry transfer
with the Trans-Blot Turbo Transfer System (Bio-Rad, Hercules, CA, USA). After block-
ing nonspecific sites with 5% non-fat dry milk, membranes were incubated with rabbit
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monoclonal antibody at a dilution of 1/1000 against p53 (cat. # 2527) and cytochrome
c (cat. # 11940) from Cell Signaling Technology, Inc. (Danvers, MA, USA), and mouse
monoclonal anti-β-actin antibody (cat. A1878, Sigma-Aldrich). Membranes were then
exposed to anti-rabbit IgG horseradish peroxidase-conjugated secondary antibody (cat.
#7074, Cell Signaling Technology) or anti-mouse IgG HRP-conjugated secondary antibody
(# A28177, Invitrogen, Thermo Fisher Scientific, Waltham, MA, USA), followed by detec-
tion using a chemiluminescent substrate (Thermo Fisher Scientific, Waltham, MA, USA).
Immunoreactive bands were visualized using a DNR MicroChemi system. Band intensities
were quantified using ImageJ software (NIH, Bethesda, MD, USA). The integrated optical
density of the bands was measured in a digitized image. Relative protein levels were
expressed as the ratio of the densitometric volume of the test band to that of the respective
β-actin band. CPT treatment at 5 µM for 24 h was used as a positive control.

4.12. Statistical Analysis

The data are presented as the mean ± SD of at least three independent experiments.
Statistical analyses were performed with Student’s t-test and ANOVA with Tukey’s post
hoc test for multiple comparisons as appropriate (StatSoft, Tulsa, OK, USA) [94]. P values
of less than 0.05 were considered as statistically significant.

5. Conclusions

This study demonstrated that the combination of metformin with clinically available
targeted drugs, such as olaparib, have a strong cytotoxic effect in ovarian cancer cells.
The proliferation and clonogenicity of wild-type ovarian cancer cells were pronouncedly
suppressed by the combination of metformin and olaparib compared with the effect of
each drug alone. Drugs combination suppresses cell survival, producing a high level of
apoptosis hallmarks in EOC. The response to the combined action of metformin–olaparib
involves the effect of ROS on damaging cellular components, such as mitochondria, thereby
leading to cell death. Moreover, increased ROS production might be the key molecular
mechanisms by which metformin sensitizes wild-type BRCA EOC cells to olaparib. The
combination of olaparib with metformin may indicate a synergistic effect, especially after
prolonged drug action in both tested cell models with p53MUT and p53 null. Further
investigation into the effectiveness of this combination in vivo may lead to widespread
treatment opportunities for ovarian cancer patients in the future.
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