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Abstract: Within the past several years, inhibition of the PARP1 activity has been emerged as one of the most excit-
ing and promising strategies for triple-negative breast cancer (TNBC) therapy. The purpose of this study is to assess
PARP1 expression in TNBCs and to evaluate the association between polymorphisms in PARP1 promoter or 3’ un-
translated region (3’UTR) and PARP1 expression. It was found that PARP1 was overexpressed in nuclear (nPARP1),
cytoplasm (cPARP1) and nuclear-cytoplasmic coexisting (coPARP1) of 187 TNBCs in comparison to that of 115
non-TNBCs (nPARP1, p<0.001; cPARP1, p<0.001; coPARP1, p<0.001). High expression of nPARP1 and cPARP1 in
breast cancer was related to worse progression-free survival (nPARP1, p=0.007, cPARP1, p=0.003). Additionally,
we identified seven published polymorphism sites in the promoter region and in 3’'UTR of PARP1 by sequencing.
rs7527192 and rs2077197 genotypes were found to be significantly associated with the cPARP1 expression in
TNBC patients (rs7527192 AA+GA versus GG, p=0.014; rs2077197 AA+GA versus GG, p=0.041). These findings
were confirmed in an independent validation set of 88 TNBCs (rs7527192 GG versus GA+AA, p=0.030; rs2077197
GG versus GA+AA, p=0.030). The PARP1 over-expression including nuclear, cytoplasm and nuclear-cytoplasmic co-
existing is a feature of TNBCs and the assessment of its expression may help to predict the efficacy of chemotherapy
with PARP1 inhibitor.
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Introduction repair machinery [9]. As a result of compro-
mised repair, PARP1 deficient or inhibited cells
are more sensitive to DNA damaging. For exam-
ple, PARP7- mice treated either by the DNA alkyl-
ating agent N-methyl-N-nitrosourea or by gam-
ma-irradiation demonstrated an extreme

sensitivity in cell damage and a high genomic

The poly (ADP-ribose) polymerase-1 (PARP1),
also known as poly [ADP-ribose] synthase 1 or
NAD* ADP-ribosyltransferase 1, is an abundant
cellular enzyme involved in DNA repair, genom-
ic stability control, cell metabolic regulation,

cell death and proliferation [1-4]. It could be
activated by broken DNA strands and has a
major role in DNA single strand break (SSB)
repair [5-8]. Its activation leads to the synthe-
sis of large branching chains of poly (ADP-
ribose) homopolymers attached to both PARP1
itself and other proteins at the vicinity of the
breaks, thereby gathering the DNA damage

instability to both agents [10].

In breast cancer models, PARP1 inhibition
agents could selectively Kill cells with mutations
in BRCA1 or BRCA2, which normally encode
proteins critical for DNA homologous recombi-
nation repair [11, 12]. One proposed mecha-
nism is that PARP1 inhibiter blocks SSB repair
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and leads to the formation of unrepaired DSBs
(double strand breaks) at the replication fork.
Therefore, cells with BRCA1 or BRCA2 muta-
tions have been shown to be highly sensitive to
PARP1 inhibition, resulting in cell death by
apoptosis [13]. Recently, inhibition of PARP1
activity with small molecules is emerging as
one of the most exciting and promising strate-
gies for BRCA hereditary breast cancer therapy
[11, 12, 14-17].

Triple-negative breast cancer (TNBC) is an
aggressive subset of breast cancer with a bio-
logical phenotype similar to BRCA-defective
and therefore may be sensitive to PARP1 inhibi-
tors [18, 19]. O’'Shaughnessy et al conducted
an open-label, phase 2 study to compare the
efficacy and safety of gemcitabine and carbo-
platin with or without PARP1 inhibitor iniparib in
metastatic TNBC patients and reported clinical
benefit in 56% of the patients who received
chemotherapy plus the iniparib [20]. However,
this clinical trial and other ongoing trials did not
take the internal level of PARP1 into consider-
ation [21, 22]. Domagala et al analyzed the
PARP1 expression in Polish breast cancer
patients and found low PARP1 expression was
present in 21% of BRCA1l-associated TNBCs
and in 2.7% of non-BRCAl-associated TNBCs
[23]. It has been reported that PARP1 mRNA
level was up-regulated in TNBCs compared with
receptor-positive breast cancer tissues [24,
25]. Both diffuse and marked nuclear and cyto-
plasmic immunostaining of PARP were detect-
ed by immunohistochemistry in breast cancer
tissues [23, 26]. The significant of PARP1
expression in different localization detected by
immunohistochemistry is still controversial and
the biologic role of nPARP1 and cPARP1 is cur-
rently not clear.

This study was undertaken to assess the
expression of PARP1 in breast cancer patients
in TNBC and non-TNBC. In addition, we
sequenced the promoter and 3’ untranslated
region (3'UTR) of PARP1 and evaluated the
association of PARP1 expression and the poly-
morphism of single nucleotide in these regions.

Materials and methods
Patients and samples

This study included samples from two groups of
female patients: 187 TNBCs (99 in training set
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and 88 validation set) and 115 non-TNBCs.
Among 214 training set patients, 99 TNBCs
and 115 non-TNBCs, who were diagnosed with
breast cancer between Jan 2010 and Nov
2011. 88 TNBCs in validation set were diag-
nosed from Jan 2012 to Jan 2013. All breast
cancer surgical specimens were collected from
Tianjin Medical University Cancer Institute &
Hospital. No endocrine therapy, chemotherapy
or radiotherapy was offered to patients before
surgery. Fresh tissue specimens were frozen
shortly after resection and stored at -80°C and
all their archived, formalin-fixed, paraffin-
embedded (FFPE) biopsy samples were avail-
able for immunohistochemistry. Histologic
types were defined according to the WHO clas-
sification. All of them were diagnosed with inva-
sive ductal carcinoma, not otherwise specified
type (NOS-IDC) types. Histologic grading was
carried out using the modified Bloom and
Richardson grading system [27]. All the patients
were ethnic Han Chinese. Patient’s consent for
research was obtained prior to surgery and the
study was approved by the Institutional
Research and Ethical Committee.

The median age of the patients was 52 years
old (range 29-76). From Jan 2010, clinical fol-
low-up date of 214 training set patients were
analyzed. The patients were followed up for
18-48 months with a median of 40 months,
during which 1.9% (4/214) patients suffered
local or regional tumor recurrence, 13.6%
(29/214) developed distant metastasis.

PARP1 immunohistochemistry and quantifica-
tion

Immunohistochemistry for PARP1 was per-
formed using standard procedures. Briefly,
4-um tissue sections were subsequently
dewaxed and rehydrated using xylene and
graded alcohol washes. Antigen retrieval was
performed at 121°C for 2 min, using citrate
buffer (pH 6.0). After serial blocking with hydro-
gen peroxide and normal goat serum, the sec-
tions were incubated with primary monoclonal
antibody against PARP1 (1:300 dilution, clone
F-2, sc-8007, Santa Cruz Biotechnology) for 16
h at 4°C. The sections were then sequentially
incubated with biotinylated goat anti-mouse
immunoglobulin and peroxidase-conjugated
streptavidin (DAKO). The enzyme substrate was
3,3’-diaminobenzidine tetra-hydrochloride. In-
cubation of sections with phosphate-buffered
saline only served as negative controls.
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The immunohistochemistry was independently
assessed by two pathologists who were blinded
to PARP1 genotypes and clinico-pathological
data. In cases of disagreement, the result was
resolved by consensus. We employed the multi-
plicative quickscore method (QS) to assess the
nuclear expression of PARP1 proteins (nPARP1)
[28]. This system accounts for both the inten-
sity and the extent of cell staining. In brief, the
proportion of positive cells was estimated and
given a percentage score on a scale from 1to 6
(1 =1-4%; 2 = 5-19%; 3 = 20-39%; 4 = 40-59%;
5 = 60-79%; and 6 = 80-100%). The average
intensity of the positively staining cells was
given an intensity score from O to 3 (O = no
staining; 1 = weak, 2 = intermediate, and 3 =
strong staining). The QS was then calculated by
multiplying the percentage score by the inten-
sity score to yield a minimum value of O and a
maximum value of 18. Based on the QS, nucle-
ar and PARP1 expression was graded as low
(0-9) or high (10-18). For cytoplasmic PARP1
expression and nuclear-cytoplasmic coexisting
unequivocal staining in >1% cells was graded
as positive.

Immunohistochemistry for molecular subtypes

Additional immunohistochemistry for molecular
subclassification of the tumors was performed
on serial tissue sections of the corresponding
formalin-fixed paraffin-embedded (FFPE) blo-
cks using the standard procedures. Primary
antibodies against ER (clone SP1, 1:150 dilu-
tion, Zymed, San Francisco, CA), PR (clone SP2,
1:150 dilution, Zymed), and HER2 (DAKO
HercepTestTM, Denmark,), Ki-67 (clone SP6,
1:200 dilution, ThermoScientific, Fremont CA),
EGFR (clone 31G7, 1:100 dilution, Zymed), and
CK5/6 (clone D5/16B4, 1:100 dilution, Zymed)
were applied according to manufacturer’s
instructions. ER and PR were determined by
immunohistochemistry establishing positivity
criteria in =1% of nuclear tumor staining [29].
Interpretation and scoring of HER2, Ki-67,
EGFR, and CK5/6 staining described by Cheang
et al were adopted in our study [30].
Confirmatory fluorescence in situ hybridization
(FISH) evaluation using Vysis kit (Vysis, Inc.,
Downers Grove, IL) was pursued on those
tumors with a 2+ HER2 expression by
immunohistochemistry.

Breast cancer molecular subtypes were defined
as follows: luminal A (ER positive and/or PR
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positive, and Ki-67 <14%), luminal B (ER posi-
tive and/or PR positive and Ki-67 >214%), lumi-
nal-HER2 (ER positive and/or PR positive and
HER?2 positive), HER2enriched (ER negative, PR
negative and HER2 positive), and basal-like (ER
negative, PR negative, HER2 negative, and
EFGR and/or CK5/6 positive). In addition, tri-
ple-negative tumors (TNP, negative for ER, PR
and HER2) that were negative for both EGFR
and CK5/6 were classified as TNP-nonbasal
[31].

DNA extraction

Genomic DNA from breast tumor tissues was
isolated using QlAamp DNA Mini Kit (Qiagen,
Hilden, Germany). DNA quantity was measured
by NanoDrop spectrophotometer (Thermo,
Waltham, MA). DNA samples were stored at
-80°C.

DNA sequencing and genotyping

PARP1 promoter or 3'UTR was amplified using
Platinum Taq system (Invitrogen, Carlsbad, CA).
PARP1 promoter primer Forward 5-GGG GAG
AGA GGA CAC ACT TAA GA-3’, Reverse 5-TTC
CCG GAC ACA GTT AAC CC-3’; 3'UTR primer
Forward 5-GGC TGT TGG CTC CTT AAC AA-3,
Reverse 5-TCT GGG GTT TCA CAG ATT AAG G-3..
Cycle sequencing reactions were performed
according to the conventional Sanger’s dideoxy
chain termination method using ABI 96-capil-
lary 3730XL Genetic Analyzer (Applied Bio
system, USA). The results were analyzed by ABI
Variant Reporter v1.1 software.

Statistical analysis

The SPSS 13.0 software package (SPSS,
Chicago, IL, USA) was used for statistical analy-
sis. Analysis of differences in distributions of
PARP1 expression between the two groups of
patients was performed using the Mann-
Whitney U test and among more than two
groups were evaluated by the Kruskal-Wallis
test. Chi-square Test/Fisher's Exact Test was
used to compare the distributions of polymor-
phisms between TNBCs and non-TNBCs, as
well as when compare the PARP1 expression
between different SNP genotypes. Progression-
free survival (PFS) was considered from the
date of surgery to the date of any primary,
regional or distant recurrence, as well as the
appearance of a secondary tumor or ductal car-
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Figure 1. Immunohistochemical staining of PARP1 in breast cancer samples (original magnification x200). A: No
staining; B: High expression of nuclear PARP1 (nPARP1); C: Positive expression of cytoplasmic PARP1 (cPARP1); D:
Nuclear-cytoplasmic coexisting (coPARP1) in breast cancer samples.

cinoma in situ (DCIS). Univariate analysis was
based on the Kaplan-Meier DFS curves using
the log-rank test. The Cox proportional hazards
regression model was performed for the identi-
fication of relevant prognostic factors. A 2-sided
p<0.05 was considered statistically significant
in all the analyses.

Results

PARP1 expression detected by immunohisto-
chemistry

As shown in Figure 1, tumor samples showed
different nuclear (nPARP1) and cytoplasmic
(cPARP1) PARP1 expression patterns, which
were categorized as low/high (nuclear) or nega-
tive/positive (cytoplasmic), as recently descri-
bed [23]. In a number of cancers (99/302,
32.8%) both cytoplasmic and nuclear expres-
sion (coPARP1) was seen. Expression level of
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nPARP1 in invasive breast cancer cells was
high in 165 samples (54.6%), and low in 137
samples (45.4%). cPARP1 expression level was
positive in 152 samples (50.3%), and negative
in 150 samples (49.7%).

PARP1 expression in TNBCs and non-TNBCs

Associations of PARP1 with clinicopathological
features of breast cancer patients were shown
in Table 1. High nPARP1 expression was identi-
fied in 61.5% (115/187) of TNBCs and in 43.5%
(50/115) of non-TNBCs, with nPARP1 expres-
sion significantly higher in TNBCs than in non-
TNBCs (p<0.001). High nPARP1 were associat-
ed with negative ER (p=0.012), negative PgR
(p=0.009) and negative HER2 (p=0.034). In
addition, significant difference in the nPARP1
level was identified among the different molec-
ular subtypes of breast cancer (p=0.033).
Positive cPARP1 was observed in 58.8%
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Table 1. Correlation of PARP1 expression in tumor tissues with clinicopathologic characteristics in breast cancer patients

Factor AII Pa- Low High Comparison of Negative Positive Comparison of Negative  Positive Comparison of
tients nPARP1 nPARP1 nPARP1 Levels, p cPARP cPARP cPARP1 Levels,p coPARP1 coPARP1 coPARP1 Levels, p
No. % No. % No. % No. %  No. % No. % No. %

All patients 302 100 137 454 165 54.6 150 49.7 152 50.3 203 672 99 328

Triple negative status <0.001" <0.001" <0.001"
TNBC 187 619 72 385 115 615 77 412 110 58.8 111 594 76 40.6
non-TNBC 115 381 65 56.5 50 435 73 635 42 36.5 92 80.0 23 20.0

Age, years 0.25° 0.485" 0.354"
<50 141 46.7 59 418 82 582 67 475 74 52.5 91 645 50 355
>50 161 533 78 484 83 516 83 51.6 78 48.4 112 69.6 49 304

Tumor size, cm 0.561" 0.666" 0.165"
<2 88 291 38 432 50 56.8 42 477 46 52.3 54 614 34 38.6
>2 214 709 99 46.3 115 53.7 108 50.5 106 495 149 69.6 65 304

Tumor grade 0.223" 0.744" 0.894*
lor2 212 70.2 101 476 111 524 104 49.1 108 50.9 143 675 69 325
3 90 298 36 40.0 54 60.0 46 51.1 44 48.9 60 66.7 30 333

Nodal status 0.793" 0.422* 0.272"
NO 148 49.0 66 446 82 554 77 520 71 48.0 95 64.2 53 358
N+ 154 510 71 461 83 53.9 73 474 81 52.6 108 701 46 299

ER status 0.012" <0.001" <0.001"
Negative 195 64.6 78 40.0 117 60.0 81 415 114 585 116 595 79 405
Positive 107 354 59 551 48 449 69 645 38 35.5 87 813 20 187

PR status 0.009" <0.001" <0.001"
Negative 198 65.6 79 39.9 119 60.1 82 414 116 58.6 118 59.6 80 404
Positive 104 344 58 558 46 442 68 654 36 34.6 85 817 19 183

HER2 status 0.034* 0.604* 0.983"
Negative 253 83.8 108 42.7 145 573 124 49.0 129 51.0 170 672 83 328
Positive 49 162 29 592 20 40.8 26 531 23 46.9 33 673 16 32.7

Proliferation (Ki-67) 0.566" 0.492* 0.15"
Low proliferation (<20%) 105 34.8 50 476 55 524 55 52.4 50 47.6 80 76.2 25 238
High proliferation (220%) 197 65.2 87 442 110 55.8 95 482 102 51.8 123 624 74 376

Molecular subtype 0.033" 0.0021 <0.001f
luminal A 32 106 16 50.0 16 50.0 22 68.8 10 33.2 30 93.8 2 6.2
luminal B 34 113 20 588 14 412 25 73.5 9 26.5 29 85.3 5 14.7
luminal-HER2 43 142 25 581 18 419 22 512 21 488 28 651 15 349
HER2 enriched 6 2.0 4 667 2 333 4 66.7 2 33.3 5 83.2 1 16.7
basal-like 176 583 70 39.8 106 60.2 72 409 104 59.1 107 60.8 69 39.2
TNP-non basal 11 36 2 182 9 818 5 45.5 6 54.5 4 36.4 7 636

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2. *“Mann-Whitney U test. 'Kruskal-Wallis test.
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Figure 2. Kaplan-Meier analysis of progression-free survival (PFS) curves for breast cancer patients based on
PARP1 expression. A: PFS cures of breast cancer patients based on the expression of nuclear PARP1 (nPARP1);
B: PFS cures of breast cancer patients based on the expression of cytoplasmic PARP1 (cPARP1); C: PFS cures of
breast cancer patients based on the nuclear-cytoplasmic coexisting (coPARP1). The breast cancer patients with high
nPARP1, positive cPARP1 and positive nuclear-cytoplasmic coexisting showed significantly poorer PFS rates than

respective opposite group.

Table 2. Multivariate analysis of pathologic features and PARP1

expression for PFS in breast cancer

Prognostic significance of
PARP1 expression

Variable HR 95;FCSI P In th_e univariable Kaplan-Meier
Age (years) (<50 vs. >50) 0.98 0.47-2.06 0.952 surVIvaI_ana!yses, .hlgh PARP1

expression including nuclear,
Tumor size (cm) (<2 vs. >2) 217 1.52-3.10 <0.001 (NPARP1, p=0.007) (Figure 2A)
Lymph node (negative vs. positive) 413 1.891-9.03 <0.001 cytoplasmic (cPARP1, p=0.003)
Histological grade (I vs. [I-Il) 3.14 1.40-7.03 0.005 (Figure 2B) and nuclear-cyto-
ER status (negative vs. positive) 0.78 0.08-7.20 0.528 plasmic coexisting (coPARP1,
PR status (negative vs. positive) 0.51 0.06-4.24 0.528 p=0.012) (Figure 2C) in 214
HER?2 status (negative vs. positive) 2.88 1.04-7.98 0.042 breast cancer patients was
nPARP1 expression (low vs. high) 294 1.21-713 0.017 found to be an unfavorable
CcPARP1 expression (negative vs. positive) 2.51 1.03-6.12 0.043 prognostic _fac’_[or measured by
coPARP1 expression (negative vs. positive) 1.01 0.43-2.39  0.980 PFS. Multivariate cox-regres-

PFS, progression-free survival; 95% Cl, 95% confidence interval; HR, hazardra-
tio; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal

growth factor receptor 2.

(110/187) of TNBCs and in 36.5% (42/115) of
non-TNBCs, with the expression significantly
higher in TNBCs than in non-TNBCs (p<0.001).
It was also noted that cPARP1 expression was
associated with ER and PgR negative status
(ER, p<0.001; PR, p<0.001), as well as with
molecular subtypes (p=0.002). The nuclear-
cytoplasmic coexisting was seen in 32%
(99/302) of all cases. coPARP1 correlated with
triple negative status (p<0.001), ER (p<0.001)
and PgR negative status (p<0.001), and molec-
ular subtypes (p<0.001). Other clinicopatho-
logical parameters did not show a significant
association or correlation with PARP1 expr-
ession.
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sion analysis confirmed that
high PARP1 expression was an
unfavorable predictor of PFS
(nPARP1, p=0.017; cPARP1,
p=0.043) except nuclear-cyto-
plasmic coexisting (p=0.980), in addition to the
demonstration of prognostic significance of
tumor grade and axillary lymph node status.
Tumor HER2 oncogene expression was an indi-
cator for worse PFS (p=0.042) (Table 2).

SNPs in PARP1 promoter and its association
with PARP1 expression

Using conventional Sanger sequencing meth-
od, we screened PARP1 promoter region among
TNBC and non-TNBC patients. Four published
single nucleotide polymorphisms (SNPs)
(rs7527192, rs2077197, rs7531668, rs907-
187) were identified and no significant differ-
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Table 3. PARP1 Promoter and 3’'UTR SNPs in Patients With TNBC or non-

Prognostic significance

TNBC of rs7527192 and
Al TNBC nonTNBC  Pvalue  $2077197 in TNBCs
No. of No. of No. of
SNP genotype Patients ? Patients 7 Patients % Although rs7527192 and
rs7527192 (G>A) r52077;9_:_ ienOtype.S
were significantly associ-
GG 104 48.6 47 47.5 57 49.6 ated with the CPARP1L
GA 80 374 36 36.4 44 38.3 expression in TNBC pa-
AA 30 14.0 16 16.2 14 12.2 0.704t tients. In the univariable
GG vs GA+AA 0.785° Kaplan-Meier survival an-
rs2077197 (G>A) alyses, the two geno-
GG 104  48.6 a7 475 57 49.6 types were not demon-
GA 83 38.3 38 38.4 45 391 strated to be a significant
AA 27 12.6 14 14.1 13 11.3 0.821f prognostic indicator (PFS,
GG vs GA+AA 0.785*  p=0.521 and p=0.288
rs7531668 (T>A) respectively).
T 108 50.5 49 49.5 59 51.3 SNPs in PARP1 3'UTR
TA 80 374 35 35.4 45 39.1 and its association with
AA 26 121 15 152 11 9.6 0448'  pApp expression
TT vs TA+AA 0.891"
rs907187 (G>C) Three published SNPs
GG 76 35.5 41 41.4 35 30.4 (rs13306133, rs8679,
GC 93 43.5 38 38.4 55 47.8 rs3219149) were iden-
cc 45 21.0 20 202 25 217 0.228t  tified in PARP1 3'UTR.
GG vs GC+CC 0.115* No significant differences
rs1330613 (G>A) in genotype frequencies
GG 193 902 85 859 108 93.9 ?’ﬁ;ec Obse;"ed beTtl‘G’Sg”
. s and non- s
GA 21 9.8 14 14.1 7 6.1 0.065 (Table 3). SNP sites in
rs8679 (1>C) 3'UTR could affect gene
T 179 83.6 81 81.8 98 85.2 expression by blocking
TC 35 164 18 182 17 148 0580°  iRNA binding the target
rs3219149 (G>T) sites [31, 32]. Thus we
GG 191 89.3 84 84.8 107 93.0 analyzed the correlation
GT 23 10.7 15 15.2 8 7.0 0.075" between 3’'UTR SNP gen-

fChi-squared test. “Fisher's exact test.

ences in the allele or genotype frequencies
were observed between TNBCs and non-TNBCs
(Table 3). However, rs7527192 and rs2077197
genotypes were significantly associated with
the cPARP1 expression in TNBC patients (rs-
7527192 AA+GA versus GG, p=0.014; rs20-
77197 AA+GA versus GG, p=0.041) (Table 4).

In an independent TNBC validation set (88
TNBCs), rs7527192 and rs2077197 were also
found to be associated with the cPARP1 expres-
sion (rs7527192 GG versus GA+AA, p=0.030;
rs2077197 GG versus GA+AA, p= 0.030, Table
5).
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otype and PARP1 level in

all patients. No signifi-

cant association was
observed between PARP1 levels and 3'UTR
SNP genotyping (date not shown).

Discussion

We aimed to investigate the prognostic signifi-
cance of PARP1 expression in breast cancer
and to evaluate the potential impact of poly-
morphisms on PARP1 promoter and 3’UTR by
assessing the expression of PARP1 in different
SNP types. Our findings can be summarized as
follows: (1) The PARP1 over-expression includ-
ing nuclear, cytoplasmic and nuclear-cytoplas-
mic coexisting is a feature of TNBCs; and (2)

Int J Clin Exp Pathol 2015;8(6):7059-7071
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Table 4. Association of PARP1 Promoter Genotypes With PARP1 Expression in Patients With TNBC or

non-TNBC
) Comparison . . Comparison ) - Comparison
Segnone e ML omeaes \CERS TR orcees NS MR ofcoms
Levels, P Levels, P Levels, P
rs7527192 (G>A)
All
GG 50 54 48 56 65 39
GA+AA 49 61 0.681 66 44 0.055 28 32 0.192
TNBC
GG 15 32 13 34 26 21
GA+AA 19 33 0.676 28 24 0.014" 36 16 0.153
non-TNBC
GG 35 22 35 22 39 18
GA+AA 30 28 0.349 38 20 0.701 42 16 0.639
rs2077197 (G>A)
All
GG 50 54 49 55 66 38
GA+AA 49 61 0.681 65 45 0.100 7 33 0.310
TNBC
GG 15 32 14 33 27 20
GA+AA 19 33 0.676 27 25 0.041" 35 17 0.311
non-TNBC
GG 35 22 35 22 39 18
GA+AA 30 28 0.349 38 20 0.701 42 16 0.639
rs7531668 (T>A)
All
T 50 58 52 56 68 40
TA+AA 49 57 1.000 62 44 0.135 75 31 0.226
TNBC
T 14 35 16 33 28 21
TA+AA 20 30 0.291 25 25 0.103 34 16 0.264
non-TNBC
T 36 23 36 23 40 19
TA+AA 29 27 0.351 37 19 0.699 41 15 0.525
rs907187 (G>C)
All
GG 38 38 45 31 50 26
GC+CC 61 77 0.474 69 69 0.202 93 45 0.812
TNBC
GG 16 25 19 22 23 18
GC+CC 18 40 0.520 22 36 0.416 39 19 0.259
non-TNBC
GG 22 13 26 9 27 8
GC+CC 43 37 0.417 a7 33 0.142 54 26 0.297

“Fisher's exact test.

High expression of nPARP1 and cPARP1 in
breast cancer were related to worse PFS. (3)
Certain single nucleotide polymorphisms in
PARP1 promoter may predict cPARP1 over-

expression.
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Breast cancer is a leading cause of morbidity
and mortality among female cancer patients
worldwide. Diagnosed in an estimated 180,000
women each year worldwide, TNBC is an
aggressive subtype of breast cancer that bears
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Table 5. Association of PARP1 Promoter Genotypes With PARP1 Expression in an Independent TNBC
Validation Set

. Comparison ) . Comparison ) . Comparison
SNegnae o N oreae SRS L otmes MEWS P oriopees
Levels, P Levels, P Levels, P
rs7527192 (G>A)
GG 19 28 14 33 30 17
GA+AA 19 22 0.668 22 19 0.030" 30 11 0.348
rs2077197 (G>A)
GG 18 29 14 33 30 17
GA+AA 20 21 0.390 22 19 0.030" 30 17 0.348
“Fisher's exact test.
a biological phenotype similar to BRCA- These findings revealed high PARP1 expression
defective breast cancer [19]. It has unique was a reliable feature of TNBCs. The study
molecular characteristics of lacking ER, PR, results will help to screen breast cancer
and HER2 expression, often with early metas- patients suitable for PARP1 inhibitor therapy.
tases and a relative lack of targeted therapeu-
tics. Targeting DNA repair pathway, PARP1 Previous studies have been conducted to eval-
inhibitors were originally exploited to treat uate the PARP1 expression in breast cancer tis-
breast cancer patients with BRCA mutations sues [23-25, 42-44]. Gongalves et al performed
[11, 12, 14-17]. The encouraging results pro- a meta-analysis on a large public retrospective
moted the clinical investigators to explore the gene expression data set (n=2,485) to analyze
anti-cancer effect of PARP1 inhibitors in TNBC. PARP1 mRNA levels in different molecular sub-
It has been widely accepted that sporadic types of breast cancer and found PARP1 was
TNBCs and BRCA-associated breast cancers overexpressed in basal samples compared to
share several characteristics, and sporadic other subtypes [25]. Similarly, Ossovskaya et al
TNBCs appear to have a ‘BRCA-ness’. In spo- revealed that the negative expression of ER,
radic TNBCs, BRCAZ1-promoter hypermethyl- PgR and HER2 was associated with the upregu-
ation or overexpression of its negative regula- lation of PARP1 mRNA expression [24].
tors could lead to BRCA1 dysregulation [33-36]. However, PARP1 mRNA level can not predict
In addition, defects in homologous recombina- nuclear and cytoplasmic localization of the
tion pathways, such as ATM, p53, PALB2 and PARP1 enzyme. Using immunohistochemical
MRE11-RAD50-NBS1, have been implicated in staining, we demonstrated that cytoplasmic
tumor genesis of TNBCs [37-40]. Thus, PARP1 and nuclear expression levels were associated
inhibitors alone, or in combination with DNA- with negative hormone receptor status. Studies
damaging chemotherapy is a promising thera- by Rojo et al [26] confirmed that nuclear PARP1
peutics for TNBCs. Several clinical trials were is overexpressed in TNBCs and predicts poor
conducted to assess the potential anti-cancer prognosis in operable invasive breast cancer.
effect of PARP1 inhibitors (BSI 201 and Additionally, Minckwitz et al have described
Olaparib) in BRCA or TNBC breast cancers [20, cytoplasmic PARP expression was higher in
22, 41]. However, in these ongoing trials the TNBCs [42]. Indeed, our study indicates that
internal level of PARP1 was not taken into con- nPARP1, cPARP1 and nuclear-cytoplasmic
sideration [21, 22]. Targeted therapy (such as coexisting of PARP1 were significantly associ-
Herceptin) depends on the presence or overex- ated with worse PFS. Multivariate Cox-
pression of target protein in tumor tissues. In regression analysis confirmed that high nPARP1
the case of PARP1 inhibitor treatment for and cPARP1 expression but not nuclear-cyto-
TNBCs, the expression of PARP1 protein in plasmic coexisting were unfavorable predictors
tumor tissue should be taken into account. We of PFS. These findings revealed that PARP1 was
have shown that PARP1 was overexpressed in a a reliable indicator of aggressive behavior in
larger proportion TNBCs compared with non- breast cancer and high PARP1 expression is a
TNBCs and high PARP1 expression was associ- marker in breast cancer could warrant a poor
ated with negative hormone receptor status. patient outcome.
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Three hundred and thirty-one SNPs, including
twenty coding SNPs, have been reported in
PARP1 gene [45]. A common T-to-C polymor-
phism (rs1136410, T2444C) which leads to a
Val762Ala substitution at PARP1 catalytic
domain could reduce PARP1 activity by 30-40%
[45-47]. A meta-analysis showed that the
rs1136410 variant (C) allele was significantly
associated with increased risk of cancer in the
Chinese [48]. SNPs in gene promoter region
could have an impact on gene expression main-
ly by influencing the binding affinity of transcrip-
tion factors [49-51]. For example, -783 G and
-1438 G allele in 5-HT2A receptor gene promot-
er region are known to reduce the binding activ-
ity of transcription factors [49]. In this study, we
hypothesize that polymorphisms in PARP1 pro-
moter may influence PARP1 protein expression.
We sequenced the promoter region of PARP1
gene and identified four published SNP sites
(rs7527192, rs2077197, rs7531668, rs907-
187). Among these sites, rs7527192 and
rs2077197 genotypes were significantly asso-
ciated with the cPARP1 expression in TNBC
patients. Our finding provides novel data on the
relationship between polymorphisms in PARP1
promoter region and PARP1 expression in
breast cancer tissues.

miRNAs are small noncoding RNAs of ~22
nucleotides that negatively regulate gene
expression, primarily by partially complemen-
tary binding to the 3'UTR of target messenger
RNA (mRNA); this leads to mRNA cleavage or
translation repression [52]. SNPs within miRNA
binding sites could alter translation of target
mRNA [32, 53]. For example, a SNP site located
in let-7 binding site among the KRAS 3'UTR
could lead to overexpression of KRAS [53]. Teo
et al showed that homozygotes of miRNA-bind-
ing site SNP in PARP1 3'UTR (rs8679) were
associated with an increased breast cancer
risk [54]. In present study, we identified three
SNP sites among PARP1 3'UTR (rs8679,
rs3219149, rs13306133). All these three
SNPs have no significant association with
PARP1 expression.

This study is limited to clinical observations,
and we lack information on long-term clinical
follow-up date and the possible correlation
between PARP1 expression levels and response
to PARP1 inhibitors. Further studies are
required to investigate the biological functions
of PARP1 in different subcellular localization. In
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conclusion, PARP1 expression evaluated by
immunohistochemistry in TNBCs and non-
TNBCs indicated that their over-expression is a
feature of TNBCs and the assessment of its
expression may help to predict the efficacy of
chemotherapy with PARP1 inhibitor. Further-
more, we identify that certain single nucleotide
polymorphisms in PARP1 promoter may predict
cPARP1 over-expression. The study results will
help to screen breast cancer patients suitable
for PARP1 inhibitor therapy.
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