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ABSTRACT
Poly (ADP-ribose) polymerase (PARP) family of enzymes is part of the DNA repair mechanism. One of these enzymes, PARP-1 is involved in detection of signal single-strand DNA breaks (SSBs) that leads to base excision repair (BER) mechanism. Breast cancer
tumors that lack Breast cancer susceptibility gene 1 (BRCA1) and Breast cancer susceptibility gene 2 (BRCA2) are ineffective in DNA
double-strand breaks (DSB) repair. Activity of the poly (ADP-ribose) polymerase (PARP) enzymes in these tumors is of interest as a
lack of PARP activity leads to accumulation of SSBs that are converted to DSBs and accumulation of DSBs lead to irreparable DNA
damage and cell death. Therefore inhibition of PARP in tumor cells might be effective in killing cancer tumors and activity of PARP
inhibitors in selectively killing breast cancer tumors is currently being evaluated. In this study, expression of PARP-1 and cancer markers estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2) were determined in
a group of breast cancer patients to assess the potential for using PARP inhibitors against this form of cancer. Expression of PARP1 was found not to correlate with the onset of breast cancer in the patients.
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ÖZET
Meme Kanserli Hastalarda HastalardaPARP1 Gen Ekspresyonu
Poli (ADP riboz) polimeraz (PARP), DNA onar›m mekanizmas›nda yer alan bir enzim ailesidir. Bu enzimlerden PARP1, baz kesipç›karma onar›m (BER) mekanizmas›na öncülük eden tek zincir DNA k›r›klar›n›n saptanmas›nda rol al›r. BRCA1 ve BRCA2 genlerinden
yoksun meme kanseri tümörleri, DNA çift zincir k›r›klar›n›n onar›m›nda yetersizdirler. PARP enzimlerinin bu tümörlerdeki aktivitesi ilgi
konusudur çünkü PARP aktivitesinin kayb›, tek zincir DNA k›r›klar›n›n birikimine, biriken tek zincir DNA k›r›klar›n›n çift zincir DNA
k›r›klar›na dönüﬂmesine ve takiben tamir edilemeyen DNA hasar› ve hücre ölümüne yol açmaktad›r. Bu yüzden PARP inhibisyonunun,
kanser hücrelerini öldürmede etkili olabilece¤i düﬂünülmekte ve PARP inhibitörlerinin seçici olarak meme kanseri tümörlerini
öldürmedeki etkinli¤i araﬂt›r›lmaktad›r. Bu çal›ﬂmada, PARP inhibitörlerinin meme kanserine karﬂ› kullan›lma potansiyelinin
de¤erlendirilmesi için bir grup meme kanserli hastada, PARP-1 gen ifade düzeyi ve kanser mark›rlar›ndan östrojen reseptörü (ER),
progesteron reseptörü (PR) ve insan epidermal büyüme faktör reseptörü 2 (HER2)’nin gen ifade düzeyleri belirlenmiﬂtir. Hastalarda
PARP-1 gen ifade düzeyinin meme kanseri oluﬂumu ile iliﬂkili olmad›¤› gösterilmiﬂtir.
Anahtar Kelimeler: Meme kanseri, PARP1, Gerçek zamanl›, qPCR
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INTRODUCTION
The poly (ADP-ribose) polymerase (PARP) family
consists of 17 members; PARP-1, PARP-2, PARP3, PARP-4 (Vault-PARP), PARP-5 (Tankyrases-1
and 2), PARP-6, PARP-7 (tiPARP), PARP-8,
PARP-9 (BAL1), PARP-10, PARP-11, PARP-12,
PARP-13 (ZAP), PARP-14 (CoaSt6), PARP-15,
and PARP-16.1,2 PARP enzymes have different
structures and play a serious role in the maintenance of DNA reliability as part of DNA repair mechanism.3 PARP-1 is localized predominantly to nucleus and to some extent to mitochondria.4 The nuclear enzyme PARP-1 plays important roles in a wide
variety of processes in the nucleus such as; regulation of chromatin structure, transcription, and genomic integrity.5 The main role of PARP-1 is to detect
and signal SSB to the enzymatic machinery involved in the SSB repair. If any damage occurs on
DNA (base pair-excised), PARP-1 is triggered by
DNA breaks and cleaves nicotinamide adenine dinucleotide (NAD+) generating nicotinamide and
ADP-ribose.6 PARP-1 then adds ADP-ribose moieties (poly ADP ribosylation) to nuclear acceptor
proteins adjacent to DNA breaks.6-8 These negatively charged protein polymers recruit other proteins that are critical in base excision repair
(BER)/SSBR.9

that are mostly repaired by homologous recombination (HR). In breast cancer tumors that do not have
functional BRCA1 or BRCA2, DNA repair via HR
is not functional and DSBs accumulate. Accumulation of DSBs lead to irreparable DNA damage and
cell death.17 Use of PARP inhibitors in tumors that
lacked BRCA1 and BRCA2 was shown to selectively kill tumor cells that led to clinical development of PARP inhibitors in breast cancer.18,19
Estrogen receptor (ER), progesterone receptor (PR)
and human epidermal growth factor receptor 2
(HER2) are important markers that are used in
prognosis following hormonal and HER2 targeted
treatment.20-22 In close to 70% of breast cancer patients ER and PR are over expressed.23 HER2 is overexpressed in 20% of breast cancer patients.24 Therefore, for an effective treatment it is necessary to
know the ER, PR and HER2 expression levels in
breast cancer patients.
In this study we analyzed the expression of ER, PR,
HER2 and PARP1 in a group of breast cancer patients to compare this group to the general population of breast cancer patients.
MATERIAL AND METHODS
Patients

PARP-1 also activates transcription factors and upregulates the expression of pro-inflammatory genes. Therefore, PARP-1 plays important roles in the
pathogenesis of many diseases, such as stroke,
myocardial infarction, circulatory shock, diabetes,
neurodegenerative disorders including Parkinson's
and allergy, asthma, colitis, and other inflammatory
disorders.5,10,11

Breast cancer patients were from the southeast region of Turkey with an average age 48 +/-. Patients
had grade 1 (4 of them), grade 2 (26 of them), grade 3 (20 of them) or grade 4 (4 of them) cancer
(Table 1 and 2).

Certain tumors were shown to have increased
PARP-1 activity compared to normal cells.12 Increased PARP-1 activity leads to low levels of Nicotinamide adenine dinucleotide (NAD+) and ATP,
thus favoring a necrotic cell death rather than apoptotic. As PARP-1 is not required for survival of healthy cells, its inactivation can increase the effect of
DNA-binding antitumor drugs and lead to apoptotic death of cancer cells and prevent inflammation.13
Some PARP-1 inhibitors were shown to do such
while some PARP inhibitors were able to kill tumor
cells on their own.14-16 Inactivation of PARP-1 leads
to accumulation of SSB that are converted DSB

Normal and breast tumor samples that were obtained from breast cancer patients had been preserved
between 2009 and 2011. Fresh-frozen tumor and
normal breast samples were cut to 25 gr weight and
homogenized by using homogenizer (Kinematica,
Gmdh, Switzerland). Total RNA was then extracted
using Qiagen miRNeasy kit (Valencia, CA) following manufacturer's protocols. Integrity of total
RNA was monitored using NanoDrop (Thermo
Scientific, Waltham, MA) and the quality was assessed by Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA).
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RNA extraction from breast cancer patients
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Table 1. The demographic information of the patients

Table 2. Histopathology of tumors (continue)

Age (median)

48 (24-78)

Premenapozal

44 (24-53)

Extra-Nodal Invasion in Patients With
Axillary Nodal Involvement

Postmenapozal

61 (43-78)

Vascular Invasion

Sex

Woman

Yes

13 (% 22)

No

46 (% 78)

59 (% 100)

Menopausal Status

Perineural Invasion

Yes

3 (% 5.1)

No

56 (% 94.9)

Premenopausal

35 (% 59.3)

Postmenopausal

24 (% 40.7)

Estrogen Receptors Status

Yes

8 (% 13.6)

Positive

36 (% 61)

No

33 (% 55.9)

Negative

23 (% 39)

18 (% 30.5)

Unknown

0

Yes

7 (%11.9)

Progesterone Receptor Status

No

29 (% 49.2)

Positive

32 (% 54.2)

23 (% 39)

Negative

25 (% 42.4)

Unknown

2 (% 3.4)

Smoker

Unknown
Family history of cancer

Unknown
History of diabetes mellitus
Yes

5 (% 8.5)

Her-2 Status

No

38 (% 64.4)

Positive

Unknown

16 (% 27.1)

Negative

41 (% 69.5)

Yes

9 (% 15.3)

Unknown

1 (% 1.7)

No

34 (% 57.6)

Molecular Classification

Unknown

16 (% 27.1)

Luminal A

26 (% 44.1)

Luminal B

7 (% 11.9)

Over expression of Her-2

16 (% 27.1)

History of Hypertension

Table 2. Histopathology of tumors
Histopathology

Number (percentage)

17 (% 28.8)

Basal like

9 (% 15.3)

Unknown

1 (% 1.7)

Distant Metastasis Status
Yes

4 (% 6.8)

47 (%79.7)

No

51 (% 86.4)

Invasive papillary

1 (%1.7)

Unknown

4 (% 6.8)

Invasive lobular

4 (% 6.8)

The Number of Metastatic Axillary Lymph Nodes

Mixed

3 (% 5.1)

N0=No

18 (% 30.5)

Malignant spindle cell tumor

1 (1.7)

N1=1-3

18 (% 28.8)

Medullary carcinoma

1 (% 1.7)

N2=4-9

13 (% 22)

N3 >10

6 (% 10.2)

Unknown

5 (% 8.5)

Grade 1

4 (% 6.8)

Invasive ductal cancer

High-grade DCIS (Ductal Carcinoma In Sutu)
Mucinous carcinoma

1 (% 1.7)

1 (% 1.7)

Extra-Nodal Invasion in patients With
axillary nodal involvement
Yes

12 (% 32.4)

No

37 (% 67.6)

Lymphatic Invasion
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2

26 (% 44.1)

3

20 (% 33.9)

4

4 (% 6.8)

Unknown

5 (% 8.5)
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mRNA reverse transcription
Total RNA (1 µg) was reverse transcribed using Qiagen miScript Reverse Transcription Kit (Valencia,
CA). The 20 µl reverse transcription reaction contained 10 µl of total RNA, 0.2 µl of 100 nM dNTP,
0.2 µl of RNase inhibitor 20 U/µl, 1 µl of reverse
transcriptase (50 U/µl), 8 µl of 11-or 96-plex reverse primer (mixed to allow a final concentration of
0.05 x of each) and 1.6 µl of H2O. 2 µl of 5 ng of
total RNA and 3 µl of 5X reverse primer were used
in the single-plex RT reaction. All reagents were
purchased from Applied Biosystems, Inc. (Foster
City, CA). The reaction mixture was mixed with
RNA and incubated as follows; 160C for 30 min,
420C for 30 min and then 850C for 5 min.

about the tumors of the patients is shown in Table
2. In this set of patients, the percentage ER positive
and PR positive patients were similar to general population of breast cancer patients (61% and 54.2%
respectively). HER2 positive patient ratio was also
similar (28.8%) (Table 2).
PARP-1 expression in normal and tumor breast
samples from cancer patients was analyzed using
real time quantitative PCR. Expression of PARP-1
was determined in 37 samples. The expression of
PARP-1 was found to be significantly upregulated
in 40.54 % of the patients and significantly downregulated in 51.35 % of the patients. Therefore a
change in PARP-1 expression does not correlate
with the onset of breast cancer in this set of patients.

Real-time qPCR
Quantitative Reverse Transcriptase Polymerase
Chain Reaction (qRT-PCR) was carried out using
Rotor-Gene 600 (Corbett Research, Australia) Real-time PCR system. PCR reaction of 5 µl contained 2.5 µl of TaqMan PCR Master Mix-UNG
(2X), 0.25 µl of each TaqMan assay probe (20X),
1.25 µl of diluted cDNA and 1 µl of H2O. The PCR
was performed at 950C for 10 min, followed by 50
cycles at 950C for 15 sec, 500C for 30 sec and 720C
for 15 sec. Samples were run in duplicate, and
mRNA levels were normalized to _-actin. Homo
sapiens poly (ADP-ribose) polymerase 1 (PARP-1)
(Batch no:11279) primer sequences and corresponding genes were (gene, forward and reverse primer): (5’-CCACACACAATGCGTATGACT-3’)
and (5’-CCACAGCAATCTTCGGTTATGA-3’)
ß-actin (5’-CGTACCACAGGCATTGTGATG-3’
and 5’-TTTGATGTCACGCACGATTTC-3’)
Statistical Analysis
Statistical Analysis was performed using GraphPad
Prism 4 (GraphPad Software, Inc.). The Pearson
correlation coefficient(R) was employed to determine the correlation of efficiency of RT reaction
and expression of FFPE and FF samples.
RESULTS
The demographic information of the patients is
shown in Table 1. Histopathological information
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DISCUSSION
Use of PARP inhibitors in breast cancer studies have gained attention during the last years and several clinical studies are ongoing that use these inhibitors. PARP inhibitors are predicted to be effective
against ER, PR and HER2 negative tumors. In addition, these inhibitors seem to have tolerable side
effects. Preliminary studies showed that these inhibitors were highly effective against tumors. PARP
inhibitors can be used to sensitize tumor cells by inhibiting repair of DNA damage produced by chemotherapy or radiotherapy.25 In BRCA deficient tumors, treatment with PARP inhibitors causes
synthetic lethality, which is defined by inhibition of
functioning of two proteins that leads to cell death
while inhibition of only one protein does not. Therefore PARP inhibitors do not have a negative effect on healthy cells with functional BRCA.17 Clinical studies with tumors that have BRCA mutations
have shown PARP inhibitors to be effective against
these tumors and it is thought that other tumors
with defects in DNA repair pathways might be susceptible to inhibitors of PARP.26
Here we have shown that in the group of breast cancer patients studied, the percentages of ER, PR and
HER2 positive patients were similar to other patient
sets that have been studied. However, PARP1 expression had been shown by others to be upregulated
in 58% of breast cancer patients compared to
40.54% found in this study.27 In addition, PARP1
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was significantly downregulated in a high percentage of patients. Therefore PARP1 inhibitors could be
used on the breast cancer patients with increased
PARP1 expression. Patients with increased PARP1
expression and lack BRCA1 and BRCA2 would be
better candidates for treatment as DNA repair will
be severely inhibited in these patients. Further
study is required to determine the patients who lack
BRCA1 and BRCA2 in the PARP1 upregulated
group. Effect of PARP inhibitors in PARP1 downregulated breast cancer patients would be hard to
predict as the lowest amount of PARP1 required for
effective DNA repair is unknown. Studies can be
done to determine the effect of PARP inhibitors on
cells with downregulated PARP1 in vitro, followed
by animal experiments. These experiments would
then help determine in which cases of tumor PARP
inhibitors could be used. Development of new treatments that include PARP inhibitors have the potential to shorten the regimen and cause less side effects and several clinical trials with hopes of better
results are currently being conducted at the moment.

8.

Masutani M, Nozaki T, Hitomi Y, et al. Cloning and
functional expression of poly(ADP-ribose) polymerase
cDNA from Sarcophaga peregrina. Eur J Biochem
220: 607-614, 1994.

9.

El-Khamisy SF, Masutani M, Suzuki H, Caldecott KW.
A requirement for PARP-1 for the assembly or stability
of XRCC1 nuclear foci at sites of oxidative DNA damage. Nucleic Acids Res 31: 5526-5533, 2003.

10.

Jagtap P, Szabó C. Poly(ADP-ribose) polymerase and
the therapeutic effects of its inhibitors. Nat Rev Drug
Discov 4: 421-440, 2005.

11.

Beneke S, Bürkle A. Poly(ADP-ribosyl)ation in mammalian ageing. Nucleic Acids Res 35: 7456-7465,
2007.

12.

Shiobara M, Miyazaki M, Ito H, et al. Enhanced polyadenosine diphosphate-ribosylation in cirrhotic liver and
carcinoma tissues in patients with hepatocellular carcinoma. J Gastroenterol Hepatol 16: 338-344, 2001.

13.

Delaney CA, Wang LZ, Kyle S, et al. Potentiation of temozolomide and topotecan growth inhibition and
cytotoxicity by novel poly(adenosine diphosphoribose)
polymerase inhibitors in a panel of human tumor cell lines. Clin Cancer Res 6: 2860-2867, 2000.

14.

Weltin D, Marchal J, Dufour P, et al. Effect of 6(5H)phenanthridinone, an inhibitor of poly(ADP-ribose)
polymerase, on cultured tumor cells. Oncol Res 6:
399-403, 1994.

15.

Mendeleyev J, Kirsten E, Hakam A, et al. Potential
chemotherapeutic activity of 4-iodo-3-nitrobenzamide.
Metabolic reduction to the 3-nitroso derivative and induction of cell death in tumor cells in culture. Biochem.
Pharmacol 50: 705-714, 1995.

16.

Tentori L, Balduzzi A, Portarena I, et al. Poly (ADP-ribose) polymerase inhibitor increases apoptosis and
reduces necrosis induced by a DNA minor groove binding methyl sulfonate ester. Cell Death Differ 8: 81728, 2001.

17.

Annunziata CM, Bates SE. PARP inhibitors in
BRCA1/BRCA2 germline mutation carriers with ovarian and breast cancer. F1000 Biol Rep [Internet]. 2010
http://www.ncbi.nlm.nih.gov/pubmed/20948822.
Access date: 06/12/2013.

REFERENCES
1.

Otto H, Reche PA, Bazan F, et al. In silico characterization of the family of PARP-like poly(ADP-ribosyl)transferases (pARTs). BMC Genomics 6: 139164, 2005.

2.

Hottiger MO, Hassa PO, Lüscher B, et al. Toward a
unified nomenclature for mammalian ADP-ribosyltransferases. Trends Biochem Sci 35: 208-219, 2010.

3.

Rouleau M, Patel A, Hendzel MJ, et al. PARP inhibition: PARP1 and beyond. Nat Rev Cancer 10: 293-301,
2010.

4.

Rossi MN, Carbone M, Mostocotto C, et al. Mitochondrial localization of PARP-1 requires interaction
with mitofilin and is involved in the maintenance of mitochondrial DNA integrity. J Biol Chem 284: 3161631624, 2009.

18.

Abd Elmageed ZY, Naura AS, Errami Y, Zerfaoui M.
The poly(ADP-ribose) polymerases (PARPs): new roles
in intracellular transport. Cell Signal 24: 1-8, 2012.

Bryant HE, Schultz N, Thomas HD, et al. Specific killing of BRCA2-deficient tumours with inhibitors of
poly(ADP-ribose) polymerase. Nature 434: 913-917,
2005.

19.

Javle M, Curtin NJ. The role of PARP in DNA repair
and its therapeutic exploitation. Br J Cancer 105:
1114-1122, 2011.

Farmer H, McCabe N, Lord CJ, et al. Targeting the
DNA repair defect in BRCA mutant cells as a therapeutic strategy. Nature 434: 917-921, 2005.

20.

Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG). Effects of chemotherapy and hormonal
therapy for early breast cancer on recurrence and 15year survival: an overview of the randomised trials.
Lancet 365: 1687-1717, 2005.

5.

6.

7.

Chambon P, Weill JD, Mandel P. Nicotinamide mononucleotide activation of new DNA-dependent polyadenylic acid synthesizing nuclear enzyme. Biochem.
Biophys Res Commun 11: 39-43, 1963.

UHOD

Number: 4

Volume: 23 Year: 2013

217

21.

Harris L, Fritsche H, Mennel R, et al. American Society
of Clinical Oncology 2007 update of recommendations
for the use of tumor markers in breast cancer. J Clin
Oncol 25: 5287-5312, 2007.

22.

Pestalozzi B, Castiglione M. Primary breast cancer:
ESMO clinical recommendations for diagnosis, treatment and follow-up. Ann Oncol Suppl 2:ii7-10, 2008.

23.

Massarweh S, Schiff R. Resistance to endocrine therapy in breast cancer: exploiting estrogen receptor/growth factor signaling crosstalk. Endocr Relat
Cancer Suppl 1:S15-24, 2006.

24.

Slamon DJ, Godolphin W, Jones LA, et al. Studies of
the HER-2/neu proto-oncogene in human breast and
ovarian cancer. Science 244: 707-712, 1989.

25.

Telli ML, Ford JM. PARP inhibitors in breast cancer.
Clin Adv Hematol Oncol 8: 629-635, 2010.

26.

Kummar S, Chen A, Parchment RE, et al. Advances in
using PARP inhibitors to treat cancer. BMC Med 10:
25-30, 2012.

27.

Gonçalves A, Finetti P, Sabatier R, et al. Poly(ADPribose) polymerase-1 mRNA expression in human
breast cancer: a meta-analysis. Breast Cancer Res
Treat 127: 273-181, 2011.

Correspondence
Beyhan Cengiz
Gaziantep Üniversitesi T›p Fakültesi
Fizyoloji Anabilim Dal›
GAZ‹ANTEP / TURKEY

Tel: (+90.342) 360 60 60
e-mail: beyhancengiz@hotmail.com

218

UHOD

Number: 4

Volume: 23 Year: 2013

