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• A subset of primary CC cell lines is highly sensitive to olaparib in vitro and in vivo.
• High PARylation activity correlates with sensitivity to olaparib in CC cell lines.
• Silencing of PARP-1 reverses CC cell line sensitivity to olaparib and induce resistance.
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Objectives. Cervical cancer (CC) remains a major health problem worldwide. Poly (adenosine diphosphate
[ADP]-ribose) polymerase (PARP) inhibitors (PARPi) have emerged as a promising class of chemotherapeutics
in ovarian cancer. We explored the preclinical in vitro and in vivo activity of olaparib against multiple primary
whole exome sequenced (WES) CC cells lines and xenografts.

Methods.Olaparib cell-cycle, apoptosis, homologous-recombination-deficiency (HRD), PARP trapping and cy-
totoxicity activity was evaluated against 9 primary CC cell lines in vitro. PARP and PAR expression were analyzed
by Western blot assays. Finally, olaparib in vivo antitumor activity was tested against CC xenografts.

Results. While none of the cell lines demonstrated HRD, three out of 9 (33.3%) primary CC cell lines showed
strong PARylation activity and demonstrated high sensitivity to olaparib in vitro treatment (cutoff IC50 values
b 2 μM, p=0.0012). Olaparib suppressed CC cell growth through cell cycle arrest in the G2/M phase and caused
apoptosis (p b 0.0001). Olaparib activity in CC involved both PARP enzyme inhibition and trapping. In vivo,
olaparib significantly impaired CC xenografts tumor growth (p= 0.0017) and increased overall animal survival
(p = 0.008).

Conclusions. A subset of CC primary cell lines is highly responsive to olaparib treatment in vitro and in vivo.
High level of PARylation correlated with olaparib preclinical activity and may represent a useful biomarker for
the identification of CC patients benefitting the most from PARPi.

© 2019 Elsevier Inc. All rights reserved.
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1. Background

Despite the implementation of prophylactic vaccination strategies
against Human Papillomavirus (HPV) infection and advances in chemo-
radiation and immunotherapy, cervical cancer (CC) remains a major
PO Box 208063, NewHaven, CT

in).
health problem in theUnited Stateswith 13,240 new cases and 4170 re-
lated deaths in 2018 [1]. Chemoradiation represents the standard of
care for patients with locally advanced disease not suitable for curative
surgery [2] while the usual treatment for recurrent/metastatic CC is a
combination of paclitaxel and cisplatin or paclitaxel, cisplatin and
bevacizumab. These chemotherapy treatments, although not curative,
result in median survival times of approximately one to 1.5 years
[3–5]. Once patients progress after this initial therapy for recurrent or
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metastatic disease, options are limited (there are no FDA approved or
NCCN level 1 or 2A therapies available). Identification of novel, effective
therapies for CC patients with disease resistant to standard treatment
modalities remains an unmet medical need.

In recent years, Poly (adenosine diphosphate [ADP]-ribose) poly-
merase (PARP) inhibitors (PARPi) have emerged as a promising class
of chemotherapeutic agents for ovarian cancer associated with defects
in homologous recombination DNA repair (HRR) system [6–10].
PARP1 is one of the most abundant proteins among several members
of the PARP family and multiple studies implicated PARP1 as having
pleiotropic cellular functions, such asmaintenance of genomic integrity,
DNA repair and regulation of apoptotic and survival balance in cells
[11–14]. Furthermore, the enzyme is involved in the PARylation of nu-
clear proteins (i.e., the post-translational modification process by
which polymers of ADP-ribose (poly(adenosine diphosphate-ribose))
are covalently attached to proteins by PAR polymerase enzymes), re-
cruitment of DNA repair factors and stabilization of chromatin for tran-
scriptional regulation [15]. Importantly, since PARPi prevents repair of
single strand breaks, causing DNA destabilization and eventual double
strand breaks, cancer cells with deficient double strand repair (HRR)
are particularly sensitive to PARPi [16]. Accordingly, based onpreclinical
and clinical results, in 2014 the US Food andDrug Administration (FDA)
approved the first PARPi (i.e., olaparib) for treatment of patients with
germline BRCA-mutated advanced ovarian cancer, who have been
treated with three or more prior lines of chemotherapy. Since 2017,
three PARP inhibitors (i.e., olaparib, rucaparib and niraparib), have re-
ceived FDA approval in the ovarian cancer recurrent setting as mainte-
nance therapy following platinum-based therapy [17–19].

Although several clinical trials are currently underway investigating
the clinical efficacy and safety of PARPi for various humanmalignancies,
limited preclinical and clinical information is currently available on the
potential activity of olaparib in CC patients [20]. Accordingly, in this
study, we evaluated the preclinical activity of olaparib against multiple
homologous recombination competent (HRD) primary CC cell lines
(i.e., both squamous and adenocarcinoma) and xenografts. Further-
more, we also investigated possible mechanisms behind CC sensitivity
to PARPi and elucidated the correlation between sensitivity to olaparib
and PARylation activity.

2. Material and methods

2.1. Establishment of CC cell lines

Study approval was obtained from the Institutional Review Board
(IRB), and all patients signed consent prior to tissue collection according
to the institutional guidelines. Nine primary CC cell lines (Table 1) were
established from fresh tumor biopsy samples and maintained at 37 °C,
5% CO2 in Keratinocytes-SFM (Gibco®, Life Technologies™), supple-
mented with prequalified human recombinant Epidermal Growth Fac-
tor 1–53 (EGF 1–53), Bovine Pituitary Extract (BPE), 10%, 1%
penicillin/streptomycin (Mediatech, Manassas, VA), and 1% Fungizone
(Life Technologies, Carlsbad, CA). Briefly, cervical tumor biopsies were
obtained from all patients and viable tumor tissue was mechanically
Table 1
Characteristics and demographic data of cervical cancer cell lines.

Cell line Age RACE FIGO stage Histology HPV

CVX3 35 B IB2 SCC 16
CVX4 40 W IIA SCC 16
CVX5 42 W IB2 SCC 18
CVX7 22 H IB2 SCC 16
CVX8 29 W IB1 SCC 16
ADX1 33 W IB ADSQ 18
ADX2 33 B IB ACA 18
ADX3 25 W IB ACA 18
ADX4 47 B IB SCC 45
minced under sterile conditions in enzyme solution [0.14% Collagenase
Type I (Sigma St. Louis, MO) and 0.01% DNAse (Sigma, 2000 KU/mg)] in
RPMI 1640, and incubated on a magnetic stirring apparatus 40′ at room
temperature. The resultant cell suspension was washed in RPMI 1640
plus 10% FBS and then washed in PBS. Tumors were staged according
to the International Federation of Gynecology and Obstetrics (FIGO)
staging system. Patient characteristics are noted in Table 1.

2.2. Homologous recombination deficiency (HRD) evaluation in CC cell
lines

Log2-ratios of read counts in exonic intervals in whole exome se-
quenced (WES) tumor and normal samples [21], were tabulated
(Fig. 1S). Intervals were determined from high coverage regions in the
normal samples, and intervals that did not overlapwith RefSeq annota-
tions were removed, to ensure remaining intervals corresponded to
known genic loci. SNP allele frequencieswere calculated in these exonic
intervals, using SNPs defined in the phase 3 1000 Genomes dataset
(Fig. 2S). The log2-ratios and allele frequencies were used to assess
HRD status for each sample using an ad hoc scoring algorithm, similar
to the one used in the ARIEL2 trial [22].

2.3. Immunoblotting and antibodies

Cells were washed twice in ice-cold PBS and harvested with
radioimmunoprecipitation assay buffer (RIPA) (50 mmol/l Tris–HCl,
pH 8, 150 mmol/l NaCl, Triton X-100 1%, Na deoxycholate 0.5%, SDS
0.1%,MgCl 5mmol/l in H2O) supplementedwith Protease and Phospha-
tase Inhibitor (cat#78430, Thermo Fisher Scientific). Protein concentra-
tions were measured by BCA Protein Assay Kit (Pierce™ #23225) to
ensure equal loading. Proteins were denatured at 95 °C for 5 min in
Laemmli sample buffer (S3401; Sigma-Aldrich) and then resolved in
SDS-PAGE electrophoresis, transferred on nitrocellulose, and blotted
with corresponding antibodies. The antibodies used for Western blot-
ting were as follows: PAR (#4336, Trevigen), PARP (#9532, Cell Signal-
ing Technology, Inc.), and GAPDH (#2118, Cell Signaling Technology,
Inc.).

2.4. Cell viability assay

CC cell lines were plated at log phase of growth in 6-well tissue cul-
ture plates at a density of 80,000–100,000 cells/well. After 24 h of incu-
bation, cells were treated with Olaparib (AZD2281, LYNPARZA™,
AstraZeneca) at a concentration of 0, 0.15, 1.5, 3, 12 μM. 72 h after
drug treatment, cells were harvested in their entirety, centrifuged and
stained with propidium iodide (2 μl of 500 μg/ml stock solution in
PBS). Count was performed using a flow-cytometry based assay to
quantify percent viable cells as a mean ± SEM relative to untreated
cells as 100% viable control. A minimum of three independent experi-
ments per cell line was performed.

2.5. Cell-cycle analysis

After 48 h incubation at the conditions described in Fig. 4, cells were
harvested andwashedwith ice-cold PBS,fixed in ice-cold 70%ethanol at
−20 °C for aminimum of 30min to overnight. Subsequently, cells were
washed in PBS, incubated with ribonuclease A (100 μg/ml) for 5 min at
room temperature and stained with propidium iodide (20 μg/ml) in
PBS. Cell-cycle phase distributionswere analyzedwith Flow-Jo software
program (v. 8.7).

2.6. Annexin V-FITC/PI double staining

Annexin V-fluorescein isothiocyanate/propidium iodide (Annexin
V-FITC/PI) double staining was used to quantify apoptosis. Adherent
cells were incubated with 0, 0.15, 1.5, 3 μM of olaparib for 72 h, then
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harvested and collected. Cells were washed twicewith ice-cold PBS and
resuspended in 1× Binding Buffer at a concentration of 1 × 106 cells/ml.
5 μl of AnnexinV-FITC and 5 μl of propidium iodidewere added to 100 μl
of the cell suspension. After 15 min of incubation, 400 μl of Binding
Buffer were added to each cell suspension. Cells were analyzed by
flow cytometry within 1 h.

2.7. siRNA transfection

Cells were plated in 6 well plate in Keratinocytes-SFM (Gibco®, Life
Technologies™), supplemented with prequalified human recombinant
Epidermal Growth Factor 1–53 (EGF 1–53), Bovine Pituitary Extract
(BPE), 1% penicillin/streptomycin (Mediatech, Manassas, VA), and 1%
Fungizone (Life Technologies, Carlsbad, CA). 70–80% confluent cells
were subjected to transfection. PARP1 siRNA and negative control
siRNA were purchased from Ambion®, Life Technologies™. Briefly, the
siRNA was incubated with Lipofectamine™ RNAiMAX reagent
(Invitrogen, CA, USA) in OptiMEM™ medium for 20 min, then added
to a monolayer of cells in Keratinocytes-SFM without antibiotics.
Twenty-four hours after the transfection, cells were treated with scalar
amounts of olaparib ranging from 1.5 μM to 400 μM. Cells were then
counted by flow cytometry.

2.8. Quantitative real time-polymerase chain reaction (qRT-PCR)

RNA was obtained from cells after 48 h of incubation with olaparib
(Table 1S) using AllPrep DNA/RNA/Protein Mini Kit (Qiagen) according
to the manufacturer's instructions. Total RNA (5 μg) was reverse-
transcribed using Superscript III (Invitrogen). Quantitative PCRwas car-
ried out to evaluate the expression level of PARP-1 (PARP-1, Assay ID:
Hs00242302_m1, Applied Biosystems) in all samples with a 7500
Real-Time PCR System (Applied Biosystems) following themanufactur-
er's protocol. Each reaction was run in duplicate. The internal control
GAPDH (Assay ID: Hs99999905_ml, Applied Biosystems) was used to
normalize variations in cDNA quantities from different samples. The
comparative threshold cycle (Ct) method was used for the calculation
of amplification fold as specified by the manufacturer. Analyses were
performed using SDS software 2.2.2 (Applied Biosystems/Life
Technologies).

2.9. In vivo treatment

The in vivo antitumor activity of olaparib was tested in xenograft
models. Briefly, four to six-week-old CB17/SCID mice were given a sin-
gle subcutaneous injection in the abdominal region of 7 ×106 CVX5 cells
in approximately 300 μl of a 1:1 suspension of sterile PBS containing
cells and Matrigel® (BD Biosciences). Xenografted mice were random-
ized into treatment groups (6mice each group)whenmean tumor bur-
den was 0.15–0.25 cm3, and dosing (vehicle PO or olaparib 10 mg/kg
BID, PO) was delivered to the CVX5 xenografts for 4 weeks (7 days/
week). Drug dosage was chosen according to previous studies [23,24].
Tumor and weight measurements of each mouse were recorded twice
weekly. Mice were humanely euthanized when tumor volume reached
1.5 cm3 using the formula (width2 × height) / 2. Animal care and eutha-
nasiawere carried out according to the rules and regulations as set forth
by the Institutional Animal Care and Use Committee (IACUC).

2.10. Statistical analysis

Statistical analysis was performed using Graph Pad Prism version 8
(Graph Pad Software, Inc. San Diego, CA). The inhibition of proliferation
in the CC cell lines after exposure to olaparib was evaluated by the two-
tailed unpaired student t-test. Unpaired t-test was used to evaluate sig-
nificant differences in the tumor volumes at specific time points in the
in vivo experiments. Overall survival data was analyzed and plotted
using the Kaplan-Meier method. Survival curves were compared using
the log-rank test. Differences in all comparisons were considered statis-
tically significant at p-values b 0.05.

3. Results

3.1. Olaparib suppresses CC cell lines growth

To evaluate the potential of PARP inhibitors on CC, we investigated
the in vitro effects of olaparib on the growth of 9 primary CC cell lines
using flow cytometric-based assay as described in the Material and
methods. As shown in Fig. 1A, B, after 72 h of incubationwith increasing
concentrations of olaparib, we found a progressive, dose-response de-
crease in cell proliferation in 33% of CC lines tested, with a significant
difference in IC50 values between the sensitive and resistant group (p
= 0.0012).

3.2. Sensitivity to olaparib is strongly correlated to PARP activity

To better understand the mechanisms behind the sensitivity to
olaparib in a subset of primary CC, we analyzed PARP and PAR basal ex-
pression in all nine CC cell lines as well as their mutation spectrum
(i.e., HRD), as defined in the Material and methods section. None of
the tested CC cell lines demonstrated HRD. Indeed, within the nine CC
cell lines, genomic loss of heterozygosity (LOH) results ranged from 0
to 12.3% (Table 2S), which falls short of the initial ARIEL2 cutoff of 14%
(and the current revised cutoff of 16%) used to classify a tumor as HRD
[22]. In contrast, as demonstrated in Fig. 1C, using immunoblot
(i.e., cells lysates were loaded in order from the most sensitive to the
most resistant CC based on IC50 values previously obtained by flow
cytometric-based assay) we found a direct correlation between basal
expression level of PARP activity (PAR) and sensitivity to olaparib treat-
ment. Indeed, CVX5, CVX1 and CVX3 (i.e., the 3 CC primary cell lines
with the higher PARP expression of both PARP isoforms 116 and
89 kDa), consistently demonstrated the higher sensitivity to olaparib
exposure in the in vitro experiments.

3.3. Silencing of PARP-1 elicits resistance to olaparib

To evaluate further the correlation between PARP-1 activity and sen-
sitivity of CC to olaparib we transiently transfected CVX5 cells with
PARP-1 siRNA and negative siRNA control as described in Material and
methods section. After 72 h of olaparib treatment, IC50 values of either
PARP-1 siRNA and negative control siRNA transfected CVX5 cells were
evaluated through flow cytometric-based assay as described in
Material and methods. Validation of PARP-1 mRNA silencing in tumor
cells was confirmed with q-real time PCR (Table S1). As shown in
Fig. 2, CVX5 cells transfected with PARP-1 siRNA from sensitive become
highly resistant (i.e., IC50 from 8.69 μM to 513.2 μM) to olaparib treat-
ment (p = 0.0063).

3.4. Olaparib triggers apoptosis of CC in a dose-dependent manner

To gain better insight into the mechanism of PARPi activity, CVX5
was exposed to increasing concentration of olaparib (0.15, 1.5, 3 μM)
for 48 h before being harvested for Annexin V/PI staining. As shown in
Fig. 3, we demonstrated that olaparib at the dose of 1.5 μMand 3 μM in-
duced apoptosis in 18% to 20% of cells, respectively, and tardive apopto-
sis in an additional 27.5% of cells (p b 0.0001).

3.5. Olaparib sensitivity is associated with G2/M cell cycle arrest

We next examined the cell cycle profiles of CVX5 (i.e., a representa-
tive olaparib-sensitive CC cell lines) and CVX8 (a representative
olaparib-resistant CC cell line) after 24 h of olaparib treatment. As
shown in Fig. 4A, starting at 1.5 μMof olaparib, 67.7% of CVX5 cells dem-
onstrated a G2/M cell cycle arrest (in comparison to non-treated cells
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Fig. 1.A) In vitro proliferation assay overviewof the established primary CC cell lines (n=9). B) Violin scatter dot plot representing grouped sensitive cell lines and resistant cell lines (p=
0.0012). C) Western blot analysis displaying basal expression of PARP, PAR, and GAPDH in all nine CC cell lines.

A. Bianchi et al. / Gynecologic Oncology155   (2019) 14 –15 1474 0
(i.e., 22.3%)) (p=0.000061). This percentage increased at the dose of 3
μM olaparib (78.3%) (p = 0.00005). In contrast, as demonstrated in
Fig. 4B, CVX8 cell cycle was not affected by olaparib treatment at any
dose tested (16.2% cells in G2-M non-treated cells vs 13.5% cells in G2-
M after 3 μM olaparib treatment) (p N 0.05).

3.6. Olaparib PARP inhibition and PARP trapping on sensitive CC

Next, we analyzed PARP-1 and PAR expression in CVX5 cells by im-
munoblotting assay after exposure to different doses of olaparib (0.15
μM–1.5 μM) at two different time points (24–48 h). As shown in
Fig. 5, PARP expression increased after exposure to 1.5 μM olaparib at
both time points while no significant variation was detected in PARP-
1 mRNA expression level at 24 or 48 h (Table S1). A dramatic reduction
in PAR levels was detected at both doses of olaparib (0.15 and 1.5 μM)
(Fig. 5).

3.7. Olaparib impairs CVX5 xenograft tumor growth in vivo

The in vivo effects of olaparib was determined by establishing xeno-
grafts from the primary CVX5 CC cell line. Briefly, after the tumors had
reached the goal size, animals were randomized into treatment groups
and treated as described in Material and methods. Tumor size was
assessed weekly and mice were sacrificed if tumors became necrotic,
reached a volume of 1.5 cm3, or mice appeared to be in poor health.
Fig. 2. In vitro proliferation assay in PARP-1 silenced CVX5 cell line versus non-silenced
control (p= 0.0063).
Twice daily oral dose of olaparib 50 mg/kg was well tolerated with no
clear impact on body weight compared with vehicle control (data not
shown). As shown in Fig. 6, mice undergoing olaparib treatment exhib-
ited a significantly slower rate of tumor growth, compared to vehicle
control starting at day 12 (p = 0.0017). Furthermore, the overall sur-
vival was significantly prolonged in the treated group (Log Rank
Mantel-Cox test p = 0.008).

4. Discussion

The inhibition of PARPwas initially demonstrated to determine ‘syn-
thetic lethality’ in cancer patients harboring specific DNA repair defects,
(i.e., BRCA1 or BRCA2 (BRCA1/2) mutations) causing deficiency in the
cell homologous recombination (HR) repair system [25,26]. Accord-
ingly, initial FDA approval was restricted to the treatment of patients
harboring deleterious or suspected deleterious germline BRCA-
mutated (gBRCAm) advanced ovarian cancer who have been treated
with three or more prior lines of chemotherapy. More recently, how-
ever, PARPi approvalwas expanded tomaintenance therapy for patients
with platinum-sensitive relapsed ovarian cancer, who responded to
their second line regimen, regardless of BRCA1 or BRCA2 (BRCA1/2)
mutation status [27,28]. This broader use of PARPi stems from the evi-
dence that tumors that share molecular features with BRCA-mutant tu-
mors (i.e., BRCAness) also exhibit different levels of defective
homologous recombination DNA repair, and therefore will respond to
PARP inhibition [29]. Importantly however, recent results from large
prospective randomized clinical trials have demonstrated significant
PARPi clinical activity also against patients harboring HR-competent/
BRCA wild-type tumors [30].

Unfortunately, while olaparib, rucaparib and niraparib are currently
FDA-approved in ovarian cancer andmultiple clinical trials are currently
evaluating PARPi as single agents or in combination against multiple
human tumors, limited information is currently available on the role
of olaparib in CC patients. Accordingly, in this study, we thoroughly in-
vestigated the preclinically activity of olaparib against multiple primary
CC cell lines in vitro and in vivo.

We found three of the nine primary CC cell lines to be highly sensi-
tive to olaparib exposure with a cutoff IC50 value b 2 μM [31]. To gain
further insight into the molecular characteristics making these CC cell
lines sensitive to olaparib treatment we evaluated their mutation spec-
trum (i.e., HRD), as well as their level of PARP1 expression [20,32], and
the potential role played by PARylation. Using the ARIEL2 study cutoff of
14% (and the current revised cutoff of 16%) used to classify a tumor as
HRD [22], we found none of the tested CC cell lines to demonstrate
HRD. Importantly, we found the level of PARylation but not PARP1 ex-
pression in the tumors to consistently correlate with CC cell line sensi-
tivity to olaparib. To prove the correlation between PARylation
overexpression and olaparib sensitivity was causative, we downregu-
lated PARP1 mRNA through PARP1 siRNA transfection in a
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Fig. 3. Up left (UL) and up right (UR) quadrants show single positive events for FL1-H (ANNEXIN V-FITC) and double positive events for FL1-H and FL2-H, respectively. Double positive
events stand for tardive apoptosis, corroborated by the absence of events in down right (DR) quadrant (single positive for FL2-H representing cell necrosis) (p b 0.0001).
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representative cell line (i.e., CVX5 cell line) and analyzed the IC50 values
in comparison to transfected CVX5 with a universal negative control
siRNA.We found CVX5 transfectedwith PARP1 siRNA to gain high resis-
tance to olaparib treatment (p=0.0063), confirming that PARP activity
(PAR) is of utmost importance in determining olaparib sensitivity in CC
cell lines. These results are similar to the results obtained by Michels
et al., who also found a positive correlation between cellular PARylation
levels and sensitivity to PARP inhibitors in non-small cell lung carci-
noma cell lines [33]. Moreover, in agreement with our results, other
Fig. 4. A) Cell cycle assay on CVX5 after 48 h olaparib treatment at the following concentration
line) after 48 h olaparib treatment at the following concentrations: 0.15, 1.5, 3 μM (p N 0.05).
groups demonstrated that in the absence of functional HR, PARP1 or
PARP2 knockout cells are resistant to PARP inhibitors [34,35]. Taken to-
gether, these data combined with our findings in CC strongly suggest
that determination of the level of PARP1 protein activity (i.e., PAR ex-
pression), may represent a biomarker potentially able to identify the
most sensitive CC patients for treatment with PARPi. Accordingly, test-
ing the possible link between PARP expression/activity and sensitivity
to PARP inhibitors in the clinical setting may be warranted in future
CC studies.
s: 0.15, 1.5, 3 μM (p= 0.00005). B) Cell cycle assay on CVX8 (representative resistant cell
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Fig. 5.Western blot analysis displaying expression of PARP, PAR, and GAPDH in CVX5 cells after 24–48 h of treatment with 0.15 and 1.5 μM olaparib.
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To better understand the functional mechanisms of olaparib in
inhibiting CC cell growth, we performed cell cycle analysis experiments.
We found olaparib, in a dose-dependent manner, to consistently arrest
cell cycle in G2/M phase in all sensitive cell lines, ultimately preventing
cells to going through the G1 phase. In contrast, no detectable alteration
was found in the cell cycle of olaparib-resistant CC cell lines (i.e., CVX8).
This effect of olaparib, as previously demonstrated in ovarian cancer, is
explained by the PARP trapping mechanism, by which PARP inhibitors
induce the formation of cytotoxic PARP–DNA complexes, preventing
DNA replication [34]. When we investigated the mechanism of cell
death in the CC cell lines exposed to olaparib, we found that only b1%
of total cells demonstrated necrosis, corroborating the result that
olaparib triggers and induces apoptosis in olaparib-sensitive CC cell lines.

To further elucidate the mechanism of action of olaparib against
PARP, we analyzed PARP-1 and PAR protein expression in a
Fig. 6. A) In vivo tumor growth inhibition following 19 days dosing olaparib or veh
representative cell line (i.e., CVX5) during olaparib treatment. Our im-
munoblot experiments clearly demonstrated a dose dependent increase
of PARP1, asmain consequence to olaparib exposure, further supporting
an olaparib-induced PARP trapping phenomenon. In agreement with
this interpretation, PARP-1 mRNA levels were not increased in any of
the condition tested in any CC cell line. Taken together, our results sup-
port the notion of PARP-1 accumulation in cells treated with increasing
concentrations of olaparib as main mechanism of action in CC. Impor-
tantly, whenwe evaluated the activity of olaparib in vivo in xenografted
animals injectedwith CVX5, our result were confirmatory of the in vitro
results with significant impairment of CVX5 tumor growth, and a signif-
icant increase in animal overall survival (p = 0.008).

In conclusion, we demonstrated in vitro and in vivo activity of
olaparib in a significant subset of CC primary cell lines and suggest
that PAR expression may represent a novel biomarker for the potential
icle of CVX5 injected xenografts (p = 0.0017) B) overall survival (p = 0.008).
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prediction of PARPi response in patients with CC. Future studies with
PARPi used alone or in combination with other targeted agents in pa-
tientswith CC resistant to standard treatmentmodalities arewarranted.
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