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Tanshinone I and simvastatin inhibit melanoma tumour cell
growth by regulating poly (ADP ribose) polymerase 1 expression
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Abstract. Melanoma is one of the most aggressive forms of
skin tumour with poor prognosis; no effective therapy has
been established for melanoma at the metastatic stage. The
present study aimed to investigate the role of poly (ADP
ribose) polymerase (PARP) inhibitors (PARPis) and PARP1
expression in melanoma progression. In addition, whether high
PARP1 expression was associated with poor overall survival in
melanoma, and whether a combination effect existed between
PARPis and other anti-tumour compounds (e.g., sunitinib) was
analysed. The PARPI expression was detected using western
blot analysis and the proliferation of cells was detected with a
colony formation assay. In addition, cell viability assays and
xenograft tumor experiments were conducted. The results of
the present study demonstrated that sunitinib reduced PARP1
expression and proliferation of melanoma cells. Notably, one
of the PARPis, veliparib, reversed the inhibitory effect of
sunitinib on PARPI1 expression and proliferation, indicating
that inhibition of PARPI enzyme activity by PARPi may be
different from the inhibition of PARP1 expression in melanoma
cell biological function. To further confirm the relationship
between PARP1 expression and tumour cell proliferation,
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seven compounds, including common approved drugs and
natural Chinese medicine monomers, were screened, and the
results demonstrated that simvastatin and tanshinone I exerted
an inhibitory effect on PARP1 expression and melanoma cell
proliferation, and their combination was more effective than
simvastatin alone in vivo. The results indicated that simvas-
tatin and tanshinone I inhibited melanoma and renal tumour
cells by regulating PARP1 expression, and in addition to the
enzyme activity of PARPI1, the expression of PARP1 protein
may serve a role in tumour progression.

Introduction

Poly (ADP ribose) polymerase 1 (PARP1) is involved in the
base excision pathway of DNA repair in most eukaryotic cells.
As a part of this pathway, PARP serves a key role in the main-
tenance of DNA integrity (1). The PARP family consists of
17 subtypes, of which PARPI is the most abundant and ubiqui-
tous member that participates in various functions performed
by this family (2). Increased expression of PARP1 has been
reported to be an independent negative prognostic marker in
mucosal melanomas (3). PARPI recruits Kruppel-like factor 4
to activate telomerase expression in cancer and stem cells (4).
The common PARP inhibitors (PARPis) include olaparib,
veliparib and rucaparib. Besides breast cancer gene (BRCA)
mutation-associated cancer, the benefits of PARPis in earlier
treatment settings, including neoadjuvant, adjuvant and prom-
ising combination therapeutic strategies, such as those with
other DNA damage response inhibitors and immune check-
point inhibitors, are of increasing interest (5). However, to
date, PARPI treatment is based on the lethal synthesis theory
and is restricted to patients with BRCA1/2 mutation-associated
breast and ovarian cancer (6).

Melanoma is a heterogeneous disease and one of the most
aggressive forms of skin tumour with poor prognosis (7).
Melanoma is associated with numerous genetic mutations
or alterations in signalling pathways (e.g. BRAF), and there
is no effective therapy for melanoma at the metastatic stage
(e.g. uveal melanoma) (8). Veliparib has been reported to
be effective in the treatment of BRAF inhibitor-resistant



2 ZHANG et al: TANSHINONE I AND SIMVASTATIN INHIBIT MELANOMA TUMOUR CELL GROWTH

melanoma cells (9). However, while a randomized phase 11
study of veliparib with temozolomide demonstrated a higher
median progression-free survival for veliparib compared
with that of the placebo, the difference was not statistically
significant (10). Besides, while olaparib increased response to
dacarbazine (an alkylating agent) in uveal melanoma (8), both
veliparib and olaparib combined increased the sensitivity of
various histological subtypes of single-nucleotide polymor-
phism (SNP)-carrier cancer cells to alkylating agents, without
an effect on wild-type cells (11).

Except for immunotherapy, single drugs directed to
single targets have not made much progress in the treatment
of tumours. Danshen, a common traditional Chinese medi-
cine used in clinical practice, contains multiple components
(e.g. tanshinone I, tanshinone IIA and tanshinone IIB) and has
multiple targets (12). The effects of tanshinone ITA are well
studied, particularly in tumours (13,14). In addition, the role
of tanshinone I in tumour proliferation, metastasis and drug
resistance has also been studied (15,16). However, to some
extent, its weak potency and poor drug-like properties restrict
its clinical development as a cancer therapy (17).

PARPis are designed to modulate enzyme activity without
affecting the expression of PARPI1. Increased PARP1 gene
expression in tumours has been shown to be associated with
melanoma ulceration and poorer overall survival (OS) (18).
Our previous study in prostate cancer demonstrated that
inhibition of PARPI1 expression significantly reduced pros-
tate cancer cell proliferation and migration irrespective of
BRCA1/2 mutations (19). However, in vascular smooth muscle
cells and endothelial cells, PARP1 inhibition may be protec-
tive against apoptosis and/or necrosis in response to H,0O, or
tumour necrosis factor (20). Thus, the exact role of PARPis and
PARP1 expression in wild-type or SNP-containing melanoma
cells requires further elucidation. The present study explored
the role of PARPis and PARPI in tumour progression, and
screened for compounds that significantly promoted mela-
noma efficacy and modulated PARP1 expression to provide a
potential basis for assessing related drugs for targeting PARP1
in melanoma.

Materials and methods

Materials. Sunitinib, veliparib, olaparib, mefloquine, simv-
astatin, dihydroartemisinin, tanshinone I, cryptotanshinone,
gossypol and docetaxel were purchased from Selleck
Chemicals. Anti-FoxO3a (cat. no. 12829), anti-o/p-tubulin
(cat. no. 2148) and anti-Bcl-2 (cat. no. 15071) antibodies were
purchased from Cell Signaling Technology, Inc. phosphory-
lated (p)FoxO3a were from Abcam Inc. (cat. no. ab154786).
Anti-PARPI (cat. no. sc-8007) was obtained from Santa Cruz
Biotechnology, Inc. Tanshinone I, dioscin and simvastatin
were obtained from Shanghai YuanYe Biotechnology Co.,
Ltd. DMEM, RPMI-1640, MEM and FBS were obtained from
Gibco; Thermo Fisher Scientific, Inc. MTS was purchased
from Shanghai BestBio (cat. no. BB-4204-3). The secondary
fluorescent antibodies, IRDye 800CW goat anti-mouse
(cat. no. 926-32210) and IRDye 800CW goat anti-rabbit
(cat. no. 926-32211) were from were from LI-COR. All other
laboratory reagents in common use were of domestic analytical
pure grade.

OS analysis. OS data for PARP1 and PARP2 expression, and
prognosis for skin cutaneous melanoma (SKCM) and uveal
melanoma (UVM) were obtained from the Gene Expression
Profiling Interactive Analysis (GEPIA) database (http:/gepia.
cancer-pku.cn) by setting the percentage of the Cut off-Low
and Cut off-High according to the gene and tumor subtype (21).

Cell lines and cultures. Melanoma cell lines (A-375) and
renal tumour cell lines (769-P, Caki-1 and ACHN) were
purchased from the Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences. The cell lines were cultured
in 90% DMEM (A-375 cells), RPMI-1640 (769-P and Caki-1
cells) or MEM (ACHN cells) supplemented with 10% FBS
at 37°C with 5% CO, and saturated humidity.

Cell viability tests. The effects of tanshinone I and simvastatin,
and veliparib or olaparib alone or in combination with sunitinib
or docetaxel (24,48 and 72 h) on A-375 cell proliferation were
assessed using the MTS assay. Briefly, after the cells were
seeded in 96-well plates (3,000-5,000 per well), the corre-
sponding drugs were added the next day and incubated in 37°C
for 24-72 h before the medium was replaced with an MTS
mixture (10 pl/well) in 37°C for 1-3 h. The optical values were
measured using a multimode reader (BioTek Instruments, Inc.)
at 490 nm. The control group was normalized to ‘100’, and the
relative survival rates were then calculated.

Colony formation experiment. Cell (A-375, ACHN, 769-P
or Caki-1) suspensions were seeded in 6-well dishes at
~1x103 cells/well and incubated in the CO, incubator at 37°C for
24 h. The medium was replaced with fresh medium containing
the simvastatin or tanshinone I (with a concentration of 0, 1, 3
and 10 xkM). When macroscopic clones were observed in the
dish after 10-15 days, the cells were washed twice with PBS,
and then fixed and dyed with 4% crystal violet in alcohol for
20-30 min in room temperature. After the dye solution was
washed with distilled water and air-dried, images of the cells
were captured using a camera directly, and the number of
cells in the different groups were counted manually or using
Image-Pro Plus 16.0 (Media Cybernetics, Inc.).

Morphological analysis. After the cells were treated by drugs
for 24 h, images of the cells were captured under a fluorescent
microscope in ordinary light (magnification, x20), when the
morphological features of cells changed significantly.

Western blotting. After the A-375 cells were treated with the
same concentration (10 yM) of drugs (valiparib, sunitinib,
mefloquine, simvastatin, dihydroartemisinin, tanshinone I,
cryptotanshinone, gossypol and dioscin) for 24 h in the CO,
incubator at 37°C, cells were washed three times with PBS,
and radioimmunoprecipitation assay lysis buffer (Nanjing
KeyGen Biotech Co., Ltd.; cat. no. KGP702-100) was added
to extract total protein. The cells were then scraped and the
lysate was collected. After the cells in the eppendorf tube
were inserted into the ice, they were broken using a ultra-
sonic cell ddisruptorr (150W/20KHz; Sonics and Materials,
Inc.) 3-5 times (5 sec each time, with a 45% amplitude), the
lysates were centrifuged at 12,000 x g for 30 min at 4°C and
the supernatants were retained. The protein concentrations
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were quantified using a bicinchoninic acid kit (Thermo Fisher
Scientific, Inc.). Protein samples were separated by SDS-PAGE
with a 10% gel and transferred to polyvinylidene difluoride
membranes. The membranes were cut and blocked with
5% skimmed milk for 1-2 h in the room temperature and
incubated overnight at 4°C with the primary antibodies of
the PARP-1 (1:200), FoxO3a (1:1,000), p-FoxO3a (1:1,000),
tubulin (1:1,000) and anti-Bcl-2 (1:1,000). After washing with
PBS, the membranes were incubated in fluorescently labelled
secondary antibodies (1:7,500) for 1-2 h at room temperature.
The membranes were then washed with PBS and directly
scanned on an LI-COR Image Studio Ver5.2 imaging system
(without other visualization reagents). The grey values of the
western blot bands were analysed using ImageJ (National
Institutes of Health; version 1.4.3.67).

Xenograft tumour model. The animal experiments were
approved by the ethics committee of the First Affiliated
Hospital of Guangzhou Medical University (Guangzhou,
China). A total of 16 male BALB/c nude mice (weight 18-22 g;
age, ~4 weeks old) were obtained from the Guangdong
Medical Laboratory Animal Centre. The mice were allowed
to acclimatise for a week in a specific pathogen free environ-
ment [temperature, 20-26°C; relative humidity, 40-70%; with a
high pressure disinfection equipment, purified water system,
and automatic switching on (at 7 a.m.) and off (at 7 p.m.) light
system]. Each cage had a drinking bottle for the water and the
food was supplied on the other side of the lid. The mice had
common food and drank water freely. A subcutaneous xeno-
graft tumour model of A-375 cells was established in nude mice.
A-375 cells (~2x10%) in a 150-ul suspension with 20% Matrigel
(Corning, Inc.; cat. no. 354248) were subcutaneously injected
after the mice were anesthetized by intraperitoneal injec-
tion of 40-60 mg/kg sodium pentobarbital. After 8 days,
15 tumour-bearing mice were selected for subsequent
experiments; one mouse was excluded due to relatively slow
tumorigenesis. The 15 mice were equally divided into three
groups: i) Control (solvent, DMSO); ii) 10 mg/kg tanshinone I;
and iii) 10 mg/kg tanshinone I and 20 mg/kg simvastatin, and
were administered intraperitoneal injection from days 8 to 26,
with the tumour size measured every 4-5 days. On day 30,
mice were sacrificed with excessive intraperitoneal injection
of sodium pentobarbital (three times that of the anaesthetic
dose), and the tumour volume and weight of the nude mice were
observed and calculated. The tumour volume was estimated
using the following formula: Volume = (a x b?)/2; ‘a’ represent
the longest diameters, ‘b’ represent the shortest diameters.
The humane endpoint set for this study was that, when the
maximum tumour size of the mice was up to ~1,200 mm?, all
the nude mice were sacrificed 4 days later and then the tumor
volume were measured.

Molecular characteristics and medicinal properties. The
two-dimensional and three-dimensional structures and other
molecular characteristics of simvastatin and tanshinone I
were obtained using PubChem (https://pubchem.ncbi.
nlm.nih.gov/).

Statistical analysis. All of the experiments had a minimum
of three replicates. Data are presented as the mean + SEM

and were analysed by one-way analysis of variance followed
by a Tukey's (homogeneity of variance) or Dunnett's T3
(heterogeneity of variance) post hoc test. All data were analysed
using SPSS 16.0 (SPSS, Inc.). P<0.05 was considered to
indicate a statistically significant difference.

Results

Background and precise processes of this research. Our
previous study demonstrated that PARP1 small interfering
RNA inhibited prostate cancer cell proliferation (19). The
present study assessed the association between PARPI
expression and melanoma prognosis. Data from the GEPIA
database demonstrated that high PARP expression was
correlated with poor OS in melanoma (Fig. 1). However, no
significant differences were observed between the effects
of PARPis (1-10 xuM) on melanoma cells (Fig. 2). Testing
of the combination of angiogenesis inhibitors with PARPis
demonstrated that veliparib reversed the inhibitory effect of
sunitnib, an angiogenesis inhibitor, on A-375 cells (Fig. 2).
Thus, instead of PARPis, this study focused on the role of
PARPI1 expression in tumours. The present study screened
for compounds that significantly inhibited PARP1 expression
and explored the role of PARPI in melanoma progression to
provide a basis for assessing PARP1 as a tumour target.

High PARPI expression is associated with melanoma OS.
The relationship between PARP expression and melanoma
prognosis was analysed. Data from the GEPIA database
demonstrated that high PARP expression was associated
with poor OS in melanoma (Fig. 1). Notably, high PARP1
expression was associated with poor OS in SKCM (Fig. 1A)
and UVM (Fig. 1B). Additionally, high PARP2 expression was
associated with a poor OS in UVM (Fig. 1C).

PARPis reverse the inhibitory effect of sunitinib on PARPI
expression and melanoma cell proliferation. After evaluating
the association between PARP1 and melanoma prognosis,
the effects of PARPis on melanoma cells were explored.
The results of the present study demonstrated that veliparib
(1-10 uM) and olaparib (1-10 M) had no significant effect
on melanoma cell survival (Fig. 2A and B). Although 30 xM
veliparib had a partial inhibitory effect on melanoma cell
survival, but this concentration appears high for an antitumour
drug. In addition, the combination of PARPis and other
anti-tumour drugs was tested. As an antiangiogenic drug,
sunitinib may have activity in patients with melanoma and KIT
mutations (22). Thus, the effects of combining sunitinib, an
angiogenesis inhibitor, and PARPis on melanoma cell growth
and PARPI expression were evaluated. The results demon-
strated that sunitinib significantly inhibited melanoma cell
proliferation and that veliparib reversed this inhibitory effect
on A-375 cells (Fig. 2C). Similarly, another PARP1, olaparib,
also significantly reversed the inhibitory effect of sunitinib on
melanoma cell proliferation (Fig. 2C). In addition, sunitinib
significantly inhibited PARP1 expression in melanoma cells,
an effect that was significantly reversed by veliparib without
significantly affecting the expression of Bcl-2, FoxO3a or
pFoxO3a (Fig. 2D). Additionally, veliparib partly reversed
the inhibitory effect of docetaxel, a tubulin polymerization
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Figure 1. High PARP1 expression is associated with OS in melanoma. High PARP1 expression was associated with poor OS in (A) skin cutaneous melanoma
and (B) UVM. (C) High PARP2 expression was associated with OS in UVM. OS, overall survival; UVM, uveal melanoma. P-values represent the results of

the log-rank test.

promoter, on melanoma cell proliferation (Fig. 2E). These
results suggested that PARP1 expression may be associated
with melanoma cell proliferation or survival.

Tanshinone I and simvastatin exert inhibitory effects on
melanoma A-375 cell proliferation and PARPI expression.
To further confirm the relationship between PARPI1
expression and melanoma cells, the present study screened
for drugs that significantly inhibited PARP1 expression
among common drugs and traditional Chinese medicine
monomers (mefloquine, simvastatin, dihydroartemisinin,
tanshinone I, cryptotanshinone, gossypol and dioscin). The
results demonstrated that tanshinone I and simvastatin exerted
a notable inhibitory effect on PARPI expression in melanoma
A-375 cells (Fig. 3A).

The effects of tanshinone I and simvastatin on the
molecular biological function of melanoma cells in vitro
were investigated. Compared with that of the control group,
tanshinone I significantly inhibited A-375 cell proliferation
(Fig. 3B) and colony formation (Fig. 3C). By comparing the
druggability of the tanshinone I and simvastatin, simvastatin,
which is already a clinically used drug, was used to assess
its effects on PARP1 expression. Compared with that of the
control group, simvastatin significantly inhibited proliferation

(Fig. 3D), PARP1 expression (Fig. 3E) and colony formation
(Fig. 3F) in A-375 cells.

Tanshinone I and simvastatin inhibit tumour growth in
nude mice. Simvastatin notably affected the morphology of
A-375 cells, which were markedly rounded with characteristic
morphological changes of apoptosis (Fig. 4A). In addition to
melanoma cells, the results also demonstrated that tanshi-
none [ significantly inhibited colony formation in 769-P renal
cancer cells (Fig. 4B), Caki-1 cells (Fig. 4C) and ACHN
cells (Fig. 4D). Subsequently, the combined effect of tanshi-
none I and simvastatin on melanoma was explored in vivo.
The combination of tanshinone I and simvastatin inhibited
the growth of tumour xenografts formed by A-375 cells in
nude mice compared with that of the control group (Fig. 4E).
Finally, in order to examine the molecular characteristics and
differences of the two compounds, the two-dimensional and
three-dimensional structures of simvastatin and tanshinone I
were obtained using PubChem (https://pubchem.
ncbi.nlm.nih.gov/), as demonstrated in Fig. 4F and G. Based
on the molecular characteristics and medicinal properties of
tanshinone I and simvastatin, the combination of simvastatin
and tanshinone I may exert an inhibitory effect on tumour
progression.
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Discussion

The current database analysis demonstrated that PARP1 was
negatively associated with the OS and prognosis of melanoma.
Sunitinib inhibited PARP1 expression and proliferation
in A-375 cells, whereas its effects were partly reversed by
veliparib. Screening revealed simvastatin and tanshinone I as
compounds that inhibited PARP1 expression, and their combi-
nation inhibited the growth of xenograft tumours constructed
using A-375 cells in nude mice. The results of the present study
identified drugs (tanshinone I and simvastatin) that inhibited
PARPI expression, and provided evidence that tanshinone I
may improve melanoma tumour cell sensitivity to simvastatin
by regulating PARP1 expression.

The identification of specific targets to inhibit tumour cell
growth or enhance the efficacy of chemotherapy/radiotherapy

provides an important basis for the development of anti-tumour
drugs. Although PARPis have been approved for BRCA muta-
tion-associated cancer, their effects on other molecular tumour
subtypes and the specific mechanism underlying the effects
of PARP on tumour proliferation, invasion and metastasis
remain to be further clarified. Tanshinone I is a monomer of
Salvia miltiorrhiza and inhibits tumour cell proliferation (12);
however, its specific mechanism remains to be determined.
The present study identified tanshinone I and simvastatin as
compounds that exerted inhibitory effects on PARPI expres-
sion, and demonstrated that tanshinone I improved tumour
sensitivity to simvastatin.

Various tyrosine kinase inhibitors have been approved
for melanoma treatment (23); however, their effective-
ness is limited because of drug resistance. A novel
benzoxazole compound exhibited synergistic anti-tumour
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effects in combination with vemurafenib (a BRAF inhibitor)
and docetaxel (24). Unlike O6-alkylguanine DNA alkyltrans-
ferase (MGMT)-deficient melanoma cells, an antiproliferative
senescent response induced by temozolomide was enhanced
by PARPi in MGMT-positive cancer cells (25), which indi-
cates the different functions for PARPi. KIT mutations may
serve as an adverse prognostic factor in metastatic melanoma
and sunitinib may have activity in patients with melanoma and
KIT mutations (22). In the present study, sunitinib significantly
inhibited PARP1 expression. However, the combination of a
PARPiI and sunitinib reduced the inhibitory effects of sunitinib
on melanoma cell growth and PARP1 expression. Notably,
inhibition of PARPI activity in the cells by veliparib appeared
to stimulate PARP1 expression; this may be associated
with the feedback inhibition, similar to the phenomenon of
phorbol 12-myristate-13-acetate on tumour necrosis factor-a
converting enzyme to some extent (26).

Cells overexpressing Bcl-2 have been reported to exhibit
a significantly improved response to salvage radiotherapy
compared with that of cells with low Bcl-2 expression (27).
In the present study, a PARPi and sunitinib affected PARP1
expression, but did not affect the expression of Bcl-2 and
pFoxO3a. The initial PARPis are analogs of nicotinamide
designed to compete with nicotinamide adenine dinucleo-
tide at the catalytic pocket of PARP to modulate enzyme
activity (28). Detection of PARP1 expression in this study
indicated that, besides the enzymatic activity of PARPI,
PARPI1 expression may be important for carcinogenesis.
Olaparib increased the response to dacarbazine, an alkyl-
ating agent, in a patient-derived xenograft model of uveal
melanoma (8). Although veliparib and olaparib have been
reported to increase the sensitivity of various histological
subtypes of SNP carrier cancer cells to alkylating agents,
they have no effect on wild-type cells (11). The results of the
present study demonstrated that veliparib and olaparib had
no significant effect on melanoma cell survival. These results
were concordant with those reported by a previous study
in which clinicians demonstrated resistance to olaparib in
patients with cancer (29). However, the sensitivity may also
be associated with the tumour type, as breast cancer cells
exhibited increased sensitivity to the same concentration of
olaparib (30).

The present study screened for compounds that affected
PARPI expression, and preliminarily evaluated the drug
potency of these compounds and their combined effect on
tumour growth to provide a way of exploring PARP1-targeted
anti-tumour drugs. Through experimental verification,
tanshinone I and simvastatin provided a good foundation
for the development of anti-tumour drugs targeting PARP1
and their chemical structure derivatives are anticipated.
However, whether the other targets of simvastatin and
tanshinone I were involved in their effects remains to be
studied. Therefore, further studies of these compounds are
essential for identifying additional related targets for this
combined effect. In addition, although proliferation, colony
formation and morphology were assessed, the lack of direct
apoptosis and cell cycle analyses may be a limitation of the
present study.

The doses of statins required for anti-tumour effects are
100- to 500-fold higher than those needed to lower cholesterol

levels; therefore, the use of tumour-targeted delivery systems
may greatly improve their anti-tumour efficacy (31). In this
study, the combination of tanshinone I and simvastatin
improved the anti-tumour efficacy of simvastatin, but whether
the combined effect of tanshinone I and other types of
statins have the same effect requires further assessment. In a
previous study, simvastatin increased the anti-tumour activity
of paclitaxel (PTX) carried by lipid nanoemulsions (LDE),
but not of the commercial PTX (not carried by LDE), possibly
because of increased low-density lipoprotein receptor expres-
sion by statins that bind and internalize LDE-PTX (32). Thus,
other potential mechanisms for the effects of the combina-
tion of simvastatin and tanshinone I on melanoma require
further exploration. Simvastatin is a prodrug for f-hydroxy
p-methylglutaryl-CoA reductase, which is activated by
drug-metabolizing enzymes into metabolite in vivo (33).
Compared with the in vivo metabolism, the drug-metabolizing
enzyme activity of cancer cells in vitro is usually lower. As
the results of the present study demonstrated that simvastatin
inhibited melanoma cells in vitro and in vivo, it may be
hypothesized that simvastatin and its metabolite exert inhibi-
tory activity on melanoma cells.

In conclusion, the results of the present study demonstrated
that tanshinone I and simvastatin significantly inhibited
PARPI expression, and that tanshinone I may effectively
improve tumour cell sensitivity to simvastatin. To provide
more evidence for the function of tanshinone I on different
types of tumour cells, renal cancer cells were selected for
functional experiments. Similar to the result on melanoma
cells, tanshinone I also inhibited the colony formation of
renal cancer cells. These findings suggested that inhibiting
PARPI expression may be a potential method for treatment of
melanoma and renal cell carcinoma. The enzyme activity and
expression of PARP1 may serve a role in tumour progression
by different mechanisms.
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