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Poly(ADP-ribose) polymerase-3 overexpression
is associated with poor prognosis in patients with
breast cancer following chemotherapy
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Abstract. Double strand breaks induced by genotoxic agents,
if inappropriately repaired, will cause cell death or induce
cancer. Poly(ADP-ribose) polymerase-3 (PARP-3) serves a
role in double strand break repair, and may be involved in
tumorigenesis. To the best of our knowledge, the role of PARP-3
in breast cancer has not yet been examined. In the present
study, the expression of PARP-3 was investigated in 493 breast
cancer samples and 54 tumor-adjacent control samples using
tissue-microarray-based immunohistochemistry. PARP-3
expression was higher in breast cancer samples compared with
control samples. PARP-3 overexpression was significantly
associated with histological grade II-IIT (P=0.012). In
addition, PARP-3 overexpression was significantly associated
with shorter disease-free survival (DFS; P=0.027) time and
exhibited a tendency toward shorter overall survival (OS;
P=0.183) time in patients with breast cancer compared with
patients with lower PARP-3 expression, particularly in
BRCAI-positive patients (P=0.004 for disease-free survival
and P=0.095 for OS). Multivariate Cox regression analysis
indicated that PARP-3 was an independent prognostic factor
in patients with breast cancer. Furthermore, it was revealed
that PARP-3 overexpression was associated with shorter
survival time in patients with cyclophosphamide/doxorubicin
or epirubicin/5-fluorouracil (CAF/CEF) chemotherapy
compared with low PARP-3 expression, but not in patients
with CAF/CEF + docetaxel chemotherapy. The present
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study suggested that PARP-3 may be used as a biomarker
for predicting the clinical outcome of patients receiving
chemotherapy, and targeting PARP-3 may be a potential
therapeutic strategy for the treatment of breast cancer.

Introduction

Breast cancer is a group of heterogeneous diseases with
different clinical and histological forms (1). The molecular
and clinical heterogeneity of breast cancer renders it necessary
to identify biomarkers of clinical outcomes so that patients
can be treated with the most appropriate chemotherapeutic
protocols (2). Therefore, identification of biomarkers that will
predict breast cancer to chemotherapeutic drugs is important
for the future development of individualized treatment for
patients with breast cancer.

Poly(ADP-ribose) polymerases (PARPs) constitute a
family of enzymes that catalyze poly(ADP-ribosylation) of
DNA-binding proteins and perform a key role in the regula-
tion of transcription, genome stability, energy metabolism,
tumorigenesis and cellular responses to DNA damage (3.4).
The PARP superfamily is composed of 17 members, of which
PARP-1, PARP-2 and PARP-3 are activated by DNA strand
breaks and serve an important role in the repair of single strand
breaks and/or double strand breaks (DSBs) (5-7). PARP-1,
the most studied member of the PARP superfamily, has been
reported to be overexpressed in numerous malignant tumors,
including breast cancer, and is associated with invasiveness
and poor clinical outcomes (8-13). In addition, it is well-known
that the a combination of PARP inhibitors and DNA damaging
chemotherapy, can increase tumor responses and improve
the survival of triple-negative patients with breast cancer
compared with chemotherapy alone (14). Most importantly,
PARP inhibitors are particularly efficient against tumors with
defects in DNA repair mechanisms, including tumors with
breast cancer gene (BRCA) mutations (15,16).

Despite having similar functions in the regulation of cellular
responses to DNA damage, PARP-3 exhibits structural and
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functional differences from PARP-1 (17). Although PARP-3
shares a conserved C-terminal region with PARP-1, it has a
shorter N-terminal region than PARP-1. PARP-3 also exhibits
different N-terminal functions, including DNA binding
or DNA-dependent activation (18). In addition, it has been
reported that knockdown of PARP3, but not PARPI, results
in an increase in the production of DSB induced by ionizing
radiation (19). However, unlike PARP-1, less is known about
the role of PARP-3 in breast cancer. Bieche et al (20) reported
that the mRNA expression of PARP-3 was under-expressed
in 10.4% of patients with breast cancer and this PARP-3
under-expression was mutually exclusive with overexpres-
sion of PARP-1. To date, the protein expression of PARP-3 in
patients with breast cancer has not yet been investigated. It
remains to be determined whether the protein level of PARP-3
is consistent with its mRNA level in breast cancer.

In the present study, the expression of PARP-3 was inves-
tigated in 493 breast cancer samples and 54 tumor-adjacent
control samples using immunohistochemistry. The present
study aimed to analyze the association of PARP-3 expression
with clinicopathological features, chemotherapeutic responses
and prognosis of patients with breast cancer.

Patients and methods

Ethics statement. The present study was approved by the
Medical Ethics Committee of China Medical University
(Shenyang, China). Due to the retrospective nature of the
study, the Medical Ethics Committee waived the requirement
of written informed consents by the patients.

Patients. The present study included human breast tissues
from 493 female patients with breast cancer, who underwent
surgery at the First Affiliated Hospital of China Medical
University between January 2005 and October 2010. A total
of 54 samples adjacent to the tumors outside the cancer loci
were collected as controls. The diagnosis of breast cancer was
confirmed by pathological staining. Histological evaluation
of 54 samples adjacent to tumors exhibited no histological
tumor-associated features.

The average age of patients with breast cancer was
51.3+10.6 years (range, 20-82 years). The histological grade
of the cancer was determined according to the World Health
Organization grading system (21,22). The stage of the cancer
was evaluated according to the tumor-node-metastasis (TNM)
staging system (22). Clinicopathological data, including patient
age, menopausal status, tumor size, lymph node metastasis,
p53 status and BRCAL status were retrospectively retrieved
from medical records.

All patients did not undergo radiation therapy and chemo-
therapy prior to surgery. Following surgery, 291 patients
received cyclophosphamide/doxorubicin or epirubicin/5-fluo-
rouracil (CAF/CEF) and 95 patients received CAF/CEF and
docetaxel (CAF/CEF and D). The remaining 107 patients
received other chemotherapeutic regimens containing
docetaxel or cisplatin alone or in combination.

Immunohistochemistry. Tissue sections (4 ym) were fixed with
4% formalin atroom temperature for48 hand paraffin-embedded
tissue blocks for immunohistochemical staining. Sections were
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Table I. Clinicopathological characteristics of patients with
breast cancer.

Parameters Total, n Patients, n (%)
Age at diagnosis 493

<51 years 279 (56.6)

>51 years 214 (43.4)
Menopausal status 493

Pre-menopause 268 (54 .4)

Post-menopause 225 (45.6)
Tumor size 493

<2.0cm 325 (65.9)

>2.0,<5.0cm 146 (29.6)

>5.0cm 22 (4.5)
Tumor type 492

Ductal carcinoma 455 (92.5)

Lobular carcinoma 11 (2.2)

Mucinous carcinoma 9(1.8)

Others 17 (3.5)
Histological grade 492

Gl 83 (16.9)

G2 367 (74.6)

G3 42 (8.5)
TNM stage 493

I-1I 364 (73.8)

II-1v 129 (26.2)
Lymph node metastasis 493

No 268 (54.4)

Yes 225 (45.6)
pS3 397

Negative 166 (41.8)

Positive 231 (58.2)
BRCAI 396

Negative 102 (25.8)

Positive 294 (74.2)
Chemotherapy regimen 386

CAF/CEF 291 (754)

CAF/CEF+T 95 (24.6)

CAF/CEF, cyclophosphamide/doxorubicin or epirubicin/5-fluorouracil;
CAF/CEF + T, CAF/CEF+ docetaxel; TNM, tumor-node-metastasis;
BRCAL1, breast cancer susceptibility gene 1.

deparaffinized with xylene, rehydrated in a graded alcohol
series of 100 and 95% (Sinopharm Chemical reagent Co., Ltd.,
Shanghei, China) at a concentration of 100, 95, 85,75, 65% and
H,O and sections were put into 3% citric acid-sodium citrate
buffer (pH=6.0) and heated in a microwave oven at 100°C for
10 min to retrieve the antigen. Endogenous peroxidase activity
was blocked by incubating the sections in 3% H,0, at 37°C for
20 min. Sections were subsequently blocked to avoid nonspe-
cific binding with 10% normal goat serum (Boster Biological
Technology, Pleasanton, CA, USA) at 37°C for 30 min and
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Figure 1. Representative micrographs showing (A and C) negative and (B and D) positive immunohistochemical staining of poly(ADP-ribose) polymerase-3 in
(A and B) tumor-adjacent tissues and (C and D) breast cancer tissues. Arrows indicate the magnified regions in the insert. Magnification, x400. Scale bar, 50 ym.

incubated at 4°C overnight with the polyclonal antibody against
PARP-3 (dilution, 1:100; cat. no. 96601; rabbit anti-human
polyclonal antibodies; Abcam, Cambridge, UK), followed by
incubation with biotinylated secondary antibodies (secondary
antibody A in the kit-0305; dilution, 1:200; cat. no. kit-0305;
Maxim Biotechnologies, Fuzhou, China) for 30 min at 37°C.
Sections were then incubated with streptavidin horseradish
peroxidase (secondary antibody B in the kit-0305; dilution,
1:200; cat. no. kit-0305; Maxim Biotechnologies) for an addi-
tional 20 min at 37°C and stained with 3,3-diaminobenzidine at
room temperature for 1 min (dilution, 1:200; cat. no. LI-9032;
OriGene Technologies, Inc, Beijing, China). Sections were
counterstained with hematoxylin, dehydrated and mounted. For
negative controls, the sections were not incubated with primary
antibodies.

Evaluation of immunohistochemistry. The immunostained
sections were examined under the light microscope (magnifi-
cation, x200; select 3 fields/view) by two pathologists blinded
to the experimental conditions. The intensity of immunoreac-
tivity was scored as follows: 0, no staining; 1, weak staining;
2, moderate staining and 3, strong staining. A percentage
scoring system was used to assess the number of stained
cells and the scores were assigned by using 5% increments
as previously reported (23,24). The final scores were used to
determine the cutoff value for discriminating tumors with the
high expression of PARP-3 from tumors with the low expres-
sion, using receiver operating characteristic (ROC) curves.
The sensitivity and specificity for the survival of patients with
breast cancer was plotted to generate ROC curves.

Statistical analysis. Analyses were performed using SPSS 16.0
(SPSS, Inc., Chicago, IL, USA). Pearson's ¥ or Fisher's exact
probability tests were used to evaluate the association between
PARP-3 expression and clinicopathological characteristics
of patients with breast cancer. Survival probabilities were

estimated by the Kaplan-Meier method and assessed by a
log-rank test. Univariate and multivariate Cox proportional
hazards regression models were used for assessing the associa-
tion between potential confounding variables and prognosis
[overall survival (OS) or disease-free survival (DFS)]. OS was
calculated as the time between the first day of diagnosis and
disease-associated mortality or last known follow-up. The
disease-free survival (DFS) was calculated as the time between
the first day of diagnosis and the occurrence of local recur-
rence or distant metastasis. P<0.05 was considered to indicate
a statistically significant difference.

Results

Clinicopathological characteristics of patients with breast
cancer. Table I summarizes clinicopathological characteristics
of 493 patients with breast cancer. Of the 493 patients, age,
menopausal status, tumor size, tumor type, histological grade,
TNM stage and lymph node metastasis were recorded in 493,
493, 493, 492, 492, 493 and 493 patients, respectively. The
majority of these patients had a tumor with invasive ductal
carcinoma (92.5%), <2 cm in size (65.9%), histological grade I1
(74.6%) or TNM stage I-II (73.8%). Lymph node metastasis
occurred in 225 (45.6%) of 493 patients.

Follow-up information was available for 493 patients with
breast cancer. During the follow-up period of 9-118 months,
relapses occurred in 85 cases and cancer-associated mortali-
ties were identified in 55 cases. The 5-year survival rate
was 88.0%. The mean OS and DFS times were 66.3 and
63.7 months, respectively.

PARP-3 overexpression in breast cancer. The expression
of PARP-3 was studied in 493 breast cancer samples and
54 tumor-adjacent control samples using immunohistochem-
istry (Fig. 1). PARP-3 was mainly expressed in the nucleus.
Nuclear expression of PARP-3 was observed in 234 (47.5%) of
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Figure 2. ROC curves were used to determine the cutoff score for poly(ADP-ribose) polymerase-3 overexpression in breast cancer, based on the DFS of patients
with breast cancer. Values for sensitivity and specificity for (A) DFS and (B) OS were plotted. The areas under the curve and P-value are indicated in the figure.
ROC, receiver operating characteristic; DFS, disease-free survival; OS, overall survival.
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Figure 3. Kaplan-Meier survival analysis of PARP-3 expression in patients with breast cancer. The log-rank test was performed to test statistical significance.
Survival curves show the association between PARP-3 expression and (A) DFS or (B) OS in 493 patients with breast cancer with PARP-3 expression. PARP-3,
poly(ADP-ribose) polymerase-3; DFS, disease-free survival; OS, overall survival; Cum, cumulative.

493 breast cancer samples and 9 (16.7%) of 54 control samples.
PARP-3 immunoreactivity occurred significantly more
frequently in breast cancer samples compared with control
samples (P<0.001).

Selection of the cutoff value for PARP-3 expression. ROC
curve analysis was performed to determine an optimal cutoff
score for PARP-3 expression in breast cancer samples. Based
on DFS time data, a cutoff score of 57.5% was selected for
PARP-3 expression (Fig. 2). Tumors with immunohistological
scores =57.5 and <57.5% were defined as tumors with high and
low PARP-3 expression, respectively. A total of 234 (47.5%)
tumors exhibited high expression and 259 (52.5%) tumors
showed low expression.

Association of PARP-3 expression with clinicopathological
characteristics of patients with breast cancer. The association
between PARP-3 expression and clinicopathological character-
istics of patients with breast cancer was investigated (Table II).

Age, menopausal status, tumor size, tumor type, TNM stage,
lymph node metastasis, p53 status and BRCA1 status were not
significantly associated with the expression of PARP-3. High
PARP-3 expression level was associated with histological
grade II-IIT (P=0.012) when compared with PARP-3 low
expression level.

Association of PARP-3 expression with the survival of patients
with breast cancer. The association of the PARP-3 expression
with the OS or DFS in patients with breast cancer was evaluated
using Kaplan-Meier analysis and log-rank test. PARP-3
overexpression was significantly associated with shorter
DFS time (P=0.027) (Fig. 3A). Although PARP-3 expression
exhibited a tendency toward shorter OS, no statistically
significant difference was observed (P=0.183) (Fig. 3B).

The association of PARP-3 expression with the OS or
DFS in breast cancer patients with different BRCAI statuses
was then investigated. In BRCAl-negative patients, PARP-3
expression was not significantly associated with the OS or
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Table II. Association between PARP-3 expression and clinico-
pathological features of patients with breast cancer.

PARP-3
expression, n (%)
Characteristics High Low P-value®
Age at diagnosis
<51 years 138 (49.5) 141 (50.5) 0.310
>51 years 96 (449) 118(55.1)
Menopausal status
Pre-menopause 133 (49.6) 135(50.4) 0.294
Post-menopause 101 (44.9) 124 (55.1)
Tumor size
<20cm 156 (48.0) 169 (52.0) 0.942
>2.0,<5.0 cm 68 (46.6) 78(53.4)
>50cm 10 (45.5) 12(54.5)
Lymph node metastasis
No 122 (45.5) 146 (54.5) 0.346
Yes 112 (49.8) 113 (50.2)
TNM stage
I-11 175 (48.1) 189 (51.9) 0.647
I-1v 70 (543) 59(45.7)
Histological grade
Gl 29(349) 54(65.1) 0.012
G2 178 (48.5) 189 (51.5)
G3 26 (61.9) 16 (38.1)
Histological type
Ductal carcinoma 216 (47.5) 239(52.5) 0.196
Lobular carcinoma 7 (63.6) 4(36.4)
Mucinous carcinoma 6 (66.7) 3(33.3)
Other 5(294) 12(70.6)
p53 status
Negative 80 (48.2) 86(51.8) 0.650
Positive 106 (45.9) 125 (54.1)
BRCAI status
Negative 52 (51.0) 50 (49.0) 0.289
Positive 132 (449) 162 (55.1)
"P-value calculated using > or Fisher's exact. PARP-3,

poly(ADP-ribose). polymerase-3; TNM, tumor-node-metastasis;
BRCAL, breast cancer susceptibility gene 1.

DFS (P>0.05) (Fig. 4A and B). However, in BRCA1-positive
patients, PARP-3 expression exhibited a tendency toward
shorter OS, but this association was not statistically significant
(P=0.095) (Fig. 4C). PARP-3 overexpression was signifi-
cantly associated with shorter DFS time (P=0.004) (Fig. 4D).
Furthermore, there was a greater association between the
combination of high PARP3 and BRCA1 expression and shorter
OS (P=0.055) (Fig. 4E) and DFS time (P=0.002) (Fig. 4F)
compared with non-combination of PARP3 and BRCAL.
Univariate Cox regression analysis was performed to
estimate the impact of each clinicopathological variable on
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OS and DFS in patients with breast cancer. The univariate
analysis identified that menopausal status [hazard ratio
(HR)=1.527; P=0.044], histological grade (HR=2.674;
P=0.012), TNM stage (HR=4.20; P<0.001) and lymph node
metastasis (HR=2.513; P<0.001) were significantly associ-
ated with the OS and DFS of patients with breast cancer
(Table IIT). Age (P=0.041) and tumor size (P=0.042) were
also identified to be significantly associated with the OS of
patients with breast cancer. In addition, PARP-3 overexpres-
sion was significantly associated with shorter DFS time of
patients with breast cancer (P=0.029; Table I1I). Furthermore,
multivariate Cox regression analysis (Table IV) indicated
that TNM stage (RR=5.665; P<0.001), menopausal status
(RR=2.535; P=0.045) and PARP-3 (RR=1.944; P=0.008) were
independent prognostic factors for shorter DFS time. TNM
stage (HR=9.75; P<0.001) and histological grade (HR=2.592;
P=0.004) were independent prognostic factors for shorter OS
in patients with breast cancer.

Association of PARP-3 expression with therapeutic responses
in patients with breast cancer. The association between
the level of PARP-3 expression and therapeutic responses
in patients with breast cancer receiving chemotherapy
was examined. PARP-3 overexpression was significantly
associated with shorter DFS time in patients with breast
cancer with CAF/CEF treatment (P=0.006) (Fig. 5A), but
not significantly associated with DFS (P=0.171) (Fig. 5B)
in patients with CAF/CEF+T treatment. Although PARP-3
overexpression exhibited a tendency toward shorter OS
in patients with breast cancer with CAF/CEF treatment,
no statistically significant difference was observed
(P=0.088) (Fig. 5C). In addition, PARP-3 expression was
not significantly associated with OS (P=0.420) (Fig. 5D) in
patients with CAF/CEF+T treatment.

Discussion

It is well known that DNA damage, if not repaired
properly, can lead to genetic instability, which may
increase the development of cancer (25). Previous studies
have shown that PARP-3 serves an important role in DSB
repair (7,19). However, the role of PARP-3 in breast cancer
tumorigenesis remains to be determined. In the present
study, tissue-microarray-based immunohistochemistry was
performed to examine PARP-3 expression in 493 patients
with breast cancer and 54 tumor-adjacent control samples.
It was revealed that PARP-3 immunoreactivity occurred
more frequently in breast cancer samples compared with
control samples, indicating that PARP-3 overexpression may
contribute to the development of breast cancer malignancy.
Similarly, several studies have shown that PARP-1, the most
studied member of PARP superfamily that is also involved
in DNA damage repair, is upregulated in numerous tumors,
including breast cancer (8-13). These findings indicated that
the DNA damage repair function of PARP-1 and PARP-3
may be important for cancer development. However,
Bieche er al (20) reported that the mRNA expression of
PARP-3 was under-expressed in 10.4% of patients with breast
cancer. The difference between the study by Bieche er al and
the present study may be due to different methods, since the
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Figure 4. Kaplan-Meier survival analysis of PARP-3 expression in patients with breast cancer with different BRCA1 status. The log-rank test was performed
to test statistical significance. (A-D) Survival curves show the association between PARP-3 expression and DFS or OS in patients with BRCAI-negative
andBRCA 1-positive breast cancer. (E and F) Survival curves show the association of the combined expression of PARP-3 and BRCA1 with OS or DFS in
patients with breast cancer. PARP-3, poly(ADP-ribose) polymerase-3; DFS, disease-free survival; OS, overall-survival; BRCA1, breast cancer susceptibility

gene 1; Cum, cumulative.

mRNA levels of PARP-3 detected by Bieche ef al may not
reflect the protein level of PARP-3 examined by the present
study.

The association between PARP-3 expression and clini-
copathological features in patients with breast cancer was
analyzed in the present study. It was revealed that PARP-3
overexpression was associated with more differentiated
(histological grade I-IT) tumors. It is likely that PARP-3
is upregulated in response to an increase in DNA breaks
during tumor cell differentiation, and PARP-3 upregulation

may promote repair of DNA damage in tumors, thereby
increasing cancer progression and development. Consistent
with this hypothesis, PARP-3 overexpression was also found
to be significantly associated with shorter DFS time and
exhibited a tendency toward shorter OS in patients with
breast cancer. Similarly, PARP-1 overexpression has been
reported to be associated with poor prognosis in patients
with breast cancer (12,26). Furthermore, it was found that
PARP-3 overexpression is an independent prognostic factor
for shorter DFS and OS in patients with breast cancer.
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Table III. Univariate Cox regression analysis of overall survival and disease-free survival in patients with breast cancer.
DFS (0N}

Parameters HR (95% CI) P-value® HR (95% CI) P-value®
Age (>51/=51 years) 1.352 (0.90-2.04) 0.148 1.702 (1.02-2.84) 0.041
Menopausal status (post/pre) 1.527 (1.01-2.30) 0.044 1.846 (1.10-3.09) 0.020
Tumor size (>2.0/<2.0 cm) 1.272 (0.83-1.95) 0.271 1.714 (1.02-2.88) 0.042
Histological grade (III/I1/T) 2.674 (1.24-5.78) 0.012 6.350 (1.55-25.99) 0.010
Histological type (ductal/lobular) 0.804 (0.53-1.21) 0.296 0.569 (0.26-1.23) 0.153
TNM stage (V/IV/II/IIT) 4.200 (2.78-6.34) <0.001 9.084 (5.12-16.11) <0.001
Lymph node status (yes/no) 2.513 (1.63-3.87) <0.001 4572 (2.47-8.45) <0.001
BRCAL status (positive/negative) 1.365 (0.79-2.38) 0.271 1.431(0.71-2.87) 0312
p53 status (positive/negative) 1.063 (0.67-1.68) 0.792 1.027 (0.59-1.79) 0.927
PARP-3 (positive/negative) 1.619 (1.05-2.49) 0.029 1.434 (0.84-2.44) 0.186

“P-value obtained from Univariate Cox regression analysis. DFS, disease-free survival; OS, overall survival; PARP-3, poly(ADP-ribose)
polymerase-3; TNM, tumor-node-metastasis; BRCAT1, breast cancer susceptibility gene 1; HR, hazard ratio; 95% CI, 95% confidence interval.

Table IV. Multivariate Cox regression analysis of overall survival and disease-free survival in breast in patients with breast cancer.

Disease-free survival

Opverall survival

Category RR (95% CI) P-value® RR (95% CI) P-value®
Age (>51/<51 years) 0.740 (0.30~1.82) 0.513 0.77 (0.215~2.76) 0.689
Menopausal status (post/pre) 2.535 (1.02~6.30) 0.045 3.156 (0.85~11.70) 0.086
Tumor size (=5/ 2-5/<2.0 cm) 1.163 (0.77~1.77) 0.481 1.543 (0.95~2.51) 0.081
Histological grade (III/II/T) 1.681 (0.98~2.90) 0.062 2.592 (1.35~4.97) 0.004
Histological type (ductal/ lobular/mucinous/other) 0.952 (0.52-1.76) 0.875 0.591 (0.14-2.52) 0477
TNM stage (V/IV/II/IIT) 5.665 (2.56~12.5) <0.001 9.75 (3.12~30.51) <0.001
Lymph node status (=10/4~9/1~3/0) 0.720 (0.31~1.65) 0.439 0.934 (0.26~3.35) 0917
PARP-3 (positive/negative) 1.944 (1.19~3.19) 0.008 1.716 (0.93~3.15) 0.082
BRCAL status (positive/negative) 1.167 (0.64~2.12) 0.612 1.078 (0.51~2.29) 0.846
p53 status (positive/negative) 1.130 (0.69~1.87) 0.632 1.116 (0.60~2.08) 0.730

“P-value obtained from Multivariate Cox regression. DFS, disease-free survival; OS, overall survival; PARP-3, poly(ADP-ribose) polymerase-3;

TNM, tumor-node-metastasis; RR, relative risk; 95% CI, 95% confidence interval.

Therefore, PARP-3 may be used as a potential biomarker for
clinical outcomes of patients with breast cancer.
Eukaryotic cells have two repair pathways to repair
DSB: Homologous recombination and non-homologous end
joining (NHEJ) (27). PARP-3 in combination with aprataxin
and PNKP-like factor accelerates NHEJ (28,29), and
BRCALI is known to be a central component in homologous
recombination (30-32). Furthermore, Beck et al reported
that PARP-3 performs a key role in determining the choice
between homologous recombination and NHEJ pathways in
the repair of DSB (33). In the present study, it was indicated
that PARP-3 overexpression was significantly associated
with shorter DFS time and exhibited a tendency toward
shorter OS in BRCA1-positive patients with breast cancer.
Additionally, the combined high expression of BRCA1 and
PARP-3 was associated with shorter DFS and OS in patients

with breast cancer compared with non-combined BRCA1
and PARP-3 expression. Therefore, for tumor cells with
high expression of BRCA1, PARP-3-overexpressing cells
may able to repair DNA damage more efficiently compared
with PARP-3 deficient cells, thus leading to prolonged
survival of the tumor and poor prognosis of the patients
with cancer. However, it was found that PARP-3 expres-
sion was not significantly associated with the OS or DFS in
BRCAI-negative patients with breast cancer. The findings
that PARP-3 overexpression was significantly associated
with the shorter survival time in BRCAl-positive, but not
BRCAIl-negative, breast cancer patients suggest that the role
of PARP-3 in breast cancer may depend on BRCAL status.
Therefore, PARP-3 inhibitor may be a novel strategy for the
treatment of BRAC]I-positive breast cancer patients with
PARP-3 overexpression.
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Figure 5. Kaplan-Meier survival analysis of PARP-3 expression in patients with breast cancer with chemotherapy. (A-D) Survival curves show the association
between PARP-3 expression and disease-free survival oroverall survival in patients with breast cancer receiving CAF/CEF treatment or CAF/CEF + T treat-
ment. PARP-3, poly(ADP-ribose) polymerase-3; CAF/CEF, cyclophosphamide/doxorubicin or epirubicin/5-fluorouracil; CAF/CEF + T, CAF/CEF + docetaxel.

It is known that chemotherapeutic drugs can induce DNA
damage, and DNA damage repair may affect the outcome of
therapy (34). In the present study, the association of PARP-3
expression with therapeutic responses in patients with breast
cancer receiving CAF/CEF chemotherapy was examined. It
was revealed that PARP-3 overexpression was significantly
associated with shorter DFS time, and exhibited a tendency
toward shorter OS in patients with breast cancer who received
CAF/CEF treatment. The present findings suggested that
tumors with PARP-3 overexpression exhibited resistance to
chemotherapy, possibly by an increased ability of DNA repair.
Furthermore, PARP-3 overexpression was not significantly
associated with DFS and OS in patients with CAF/CEF+T
treatment. It appears that addition of docetaxel inhibited
PARP-3-induced drug resistance in patients with breast cancer.
It has been reported that docetaxel can cause cleavage of PARP
in breast cancer cells, melanoma cells and ovarian cancer
cells (35-37). Taken together, the present results suggested that
docetaxel may induce cleavage of PARP-3, thereby reducing
PARP-3-induced drug resistance and improving the survival
of patients with breast cancer with PARP-3 overexpression.

In summary, PARP-3 expression was investigated in
493 patients with breast cancer, and the association of PARP-3
expression with the clinicopathological feature, therapeutic
responses and prognosis of patients with breast cancer

was analyzed. It was found that PARP-3 expression was
significantly increased in breast cancer tissues compared with
tumor-adjacent tissues. PARP-3 overexpression was associated
with poor outcome of patients with breast cancer, particularly
in BRCAl-positive patients. Furthermore, it was found that
PARP-3 overexpression was associated with shorter survival
time in patients with CAF/CEF chemotherapy, but not in patients
with CAF/CEF+T chemotherapy, indicating that inhibition of
PARP-3 by docetaxel may increase the survival of patients with
breast cancer. PARP-3 may be used as a biomarker for predicting
the clinical outcome of patients receiving chemotherapy, and
targeting PARP-3 may be a potential therapeutic strategy for the
treatment of breast cancer with PARP-3 overexpression.
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