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ARTICLE INFO ABSTRACT

Artinke histary: Dhbjective: To explore inhibition effects of veliparib rs PARP inhibitor combined doxorubicin
Reseived 10 Ducernber 2013 for BEL-7404 proliferation of human liver cancer cell line, Metlods: BEL-74D4 was taken as
Bm??ﬂmﬁmmd' the objeet of study and conventional culiure was performed. & wastreated by doxombicin and
et 4 (@) veliparib after 24 b, Cell proliferation rate was detected by four methy] thissolyl tetrasnlium
(MTT) asany, cell apoptosis was measorad with annexin V—FITC/PL double staining methed by
flow cytometry, DNA damage degree evaluation by single ecll gel electrophoresis assay, and
Keywords: eytosolic G levels of the mitochondeial and cytossl by polyactylamide gel electrophoresin (Westetn
Lives caneer hlotting). Memnits: Cell proliferation rats of dozorahicin combined veliparih group was kower than
Dieearubiein that of the eontrol proup and doxorubicin alene treated group significandy (P<0.01), the apoptosis
Veliparib rate was mignificantly higher than that of the control group and doxorubicin alone treated group
Cytochrome ¢ P<0.00, At the same time, DNA damape level of domorubicin combined with velipaib proup was
Proliferation rate @ﬁmﬂyhgh:r&mdm:b}mnﬂm&hﬂhmtgmupmﬂﬂlemﬂhﬁlgrmp(?ﬂﬂnmd
cytachroms C in the cytoeol was mignifi than that of comtrol group snd dozorobicin
alone treated group (P<0.01). Concluslons: Veliparib, PARP inhibiter could inhibit PARP
activity, block tumer oall DNA repair, and have significant sensitixing effect for hepatocallular
carcinema cell line BEL-7404 treated with doxorubicin. This might provide a new target for

clhinical treatreent of hepatic cacinoma,
of the double atrand breaks generated DNA replication and
1. Inirodoction tranecription23], ADR is considered to be one of the most

effective chemotherapy for treatment of liver cancer, which
reaches the highest concentration in the liver and stay
longer in the body, The pharmacokinetic characteristics are

Doxorubicin (also named as adriamyein, ADR) has broad
antitumor effect as the typical DNA intercalating agent,

which is often used as first—line antieancer drugs in
treatment of acute leukemia, malignant lymphomsa, multiple
myeloma, breast cancer, ostecsaarcoma, soft tissue sarcoma
and liver cancerfll. Research showed that ADR was a kind
of the eell cycle non—specific drugs, which eonld combine
with the DNA topoisomerase 11, strain close re—process
of bridge fracture instantly double chain enzyme caused
by the inhibition of topoisomerase I[. And initiatation of
programmed cell apopiosis is not easy due 1o the recovery

*Correnponding author! Professsr, Jia-Jun Yin, Depariment of General Surgery,
Fhusgahan Hoapdial AffTlinted to Tadian University, Dallan 118001, China.

E-aadl: jledunyind 1 05@ e com.

Foandation projest: This wark wes supported by grants from Natural Selence
Foundation of Lisening Prercines (Moo 200102004).

# These suthors exastrilrabed oqually tn this wark.

very corclucive to the traatment of liver cancer, Research
proves thai it's markedly effective and effective rate is
more than 10%—30%, which could make the liver cancer
issue shrink or fade. However, it is atill limited in the
clinical application dus to the adverss resctions, such as
hair loss, bone marrow suppreasion and eardiac toxicity, ef
al, Therelore it is of great scientific significance to sxplore
other factora related to the effect of anti tumar.

Poly adenosine double phosphote ribose polymerase
(PARP) is a catalytie ribozyme for catalytic paly ADP ribose
existing in sukaryotic cslls, which plays the key rele in
DWA damage repair. It could recognize and bind the DNA
chain fracture, then recruitment ADP, the histons and
the auxiliary factor related to DNA damage repair, then
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complete DNA repair through the adjustment process of a
series of calalysisil. The clinical studies have demonstrated
that the inhibiter of PARP could initiste DNA damage repair
by inhihition of anti tumor drugs, and lead to the apoptosia
of tumor cells, Therefore, as 8 kind of the clinical treatment
for cancer around PARP, those PARP inhibitors combined
with chemotherapy or radiotherapy can repair the process
of DNA damage and enhance the sensitivity of tumor eells,
And then further it can reduce the clinical zide effects of
by reducing chemotherapy or the radiation dosel55l. Large
number of clinical trials hve found that PARP inhibitors
have small toxic and side effect, while it is effective and
well tolerated chemotherapy or radiotherapy sensitizer, so it
has broad prospects for cancer treatment.

Liver cancer is a major threat to human heelth in the
world, ranked sixth in the global incidence of malignant
tumors, New cases is more than 626 000 every year, about
half of whom occurrs in our country and the mortality rate
ranks the second in tumor mortality. The majority of liver
cancer palient lost the best time for treatment at the time
of diagnasiz due to surgical contraindication or transform,
Chemotherapy is the main treatment measurement for
them, while itz efficacy is limited to drug resistance and
chemotherapy side effects. Therefore it is necessary to
explore chemotherapentic drugs of the efficient, targeting
and low toxicity for liver cancer. Veliparib is a kind of
efficient PARP inhihitor and is the representative of the
third generation. Research showed that veliparib used
alane ig tolerated well and activity is high in ovarian cancer
patienta carrying the muiation gene of BRCAL Experiment
of the mouse breast tumor model showed that tumor
volume is sipnificantly significant reduced combined with
veliparib, compared with chemotherapy alonef8], Thiz study
is designed to investigate the inhabition effect of veliparb
combination with ADR on the proliferation of hepatocellular
carcinoma cell lines BET~7404. This study aims to ohaerve
DNA damage and cytochrome ¢ release by comet assay and
Western blotting methods, explore its possible mechanism
and provide the experimental basis for the clinical treatment

of liver cancer.

2, Materials and methods
2.1, Coll lines and the reagenzs

Human liver cancer cell line BET-7404 was purchased
from America type culture eollection. Fetal bovine serum,
RPMI1640 was from American product of Gibeo Company,
Injection of doxorubicin was from Plizer Pharmaceutical
(W) Co.ltd. Veliparib was from America Selleck Company.
Mitochondriafeytoaclic protein extraction, isclation kit
was provided by the biotechnology research Institute of
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Biyuntian from Jiangsu, BCA protein aszay kit was from
Wuhan boster Biclogical Engineering Co., Ltd. (ARD146).
Amnexin V-FITC/PI double staining ¢ell apoptosis detection
kit was from Nanjing keygen hiotech development Co., 1id
P roduction (KGA105), methylthiaLzolyltetralzolium (MTT)
were from America Sigma—Aldrich Company. Mouse anti
human B -actin antibody, mouse anti human eytochrome
C antibody and Goat anti mouse two anti were from Nanjing
Biowarld Biotechnology Co.ltd. Other common chemicals
were analytically pure made in China.

2.2. Method

2.2.1. Cell culture

EL-7404 cell were cultured with 10% fedal bovine serum, 50
U/ml. penicillin and RPMI1640 with 50 # gfml. streptomyein,
and cultured with 5% CO;, 37 'C in the incubator. They were
digested by 0.25% Trypsin, and passaged one day at the
proportion of 122,

2,22 MTT tent

BEL~-7404 cells of logarithmic growth period were selected
and made into single cell suspension and counted. 4x10°
cells each hole was put into 96 well culture plate before
24 h, 5 4 g/ml ADR was made based on our preliminary
experimental reaults and other reporta of the literature.
Cells were divided into 5 groups randomly: control group
{control) (without any treatment), ADR group 3 ¢ g/ml ADR
treatment alone), combined grap of A S ¢ gfml ADR+S 1 mol/L
veliparib), comhined group of B (5 B g/ml ADR+
10 ¢ mol/L veliparib), Group C (5 # g/mL ADR+20 g mol/
L velipariby. 6§ holes in each group were cultured for 24 h,
and added with 100 12 L MTT solution after the supematant
discarded {final concentration was 0.05 mg/ml). They were
cultured for 4 h at 37 'C free from light, and the supematant
was discarded. Then it was added with 150 # L dimethyl
sulfoxide (DMSO) in each hole, the ahsorbanee value of
Synergy 2 type multifunctional enzyme mark instrument
(AST0) was read, Cell proliferation rate 3)=0D value of the

experimental proup/OD value of the control group / %100].

2.2.3. BEL-7404 cell apoptosis analyzed by Annexin
V—FITC/PI double seaining method

The single cell auspension was prepared from BEL—7404
cell of logarithmic growth period and counted, which were
seeded in 6 well culture plates, 3%10° cells each hole, 24 h
hefore the experiment,

Cells were treated for 24 h, and washed 2 times with pre—
cold PRS, digested by 0.25% trypsin. Cells were collectad
to made cells suspension with PBS after eentrifngation at
1 000 g for 5 min. After counting, 5.0x10° suspension cells
waa centrifuged for 5 min, supernatant was diseard, and
it was added with 500 i L binding buffer mixture gently.
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Then it was added with 5 ¢« L Anmexin V-FITC and 5 kL
P1 sclution and mixed for 10 min (20-25 C, free from ligh.
The apoptoeis rate was detected by flow cytometry and the
detsction results were anslysed by FACSC alibur software .

2.2.4. Evaluation of DNA domage degree of BEL-7404 cell
by single cell gel slectrophoresis assay

According to method of the literaturel®, by three layer
of the gel methad, 3 parallel plates were prepared at each
concentration. Gel-Gel film—cell disruption—TNA selection—
electrophoresis—neutralization was performed, then
propidium icdide (PT) staining was carried out. Single cell gel
electrophoresis images were ohserved under a fluarescence
microscope (400 times), 25-50 cells was counted ench layer,
not less than 100 cells of three layers in each group, The
comet tail length, the tail area, tail torque, tail torque arm
and olive tail of the image were calculated by CASP comet
image analysis aoftware. In view of the olive tail moment
was a comprehensive index of DNA damage evaluation,
and it was selected as the final index for cell DNA damage
evaluation.

2.2.5. Cytochrome C protein in mitochondrion and cytoplasm
of BEL-7404 cell by Wesiern botting detection

Mitochondriafcytosolic protein extraction, separation
and quaniitative measurement were performed according
to kit instructions. 30 g was taken to measure protein
samples with protein aample buffer at the proportion of
4:1, and 95 'C water bath degeneration was carried out
for 10 min. Elecirophoresis was performed 2.5 h in 15%
SDS- polyacrylamide gel, transferred to 0.45 (£ m PYDF
membrane, closed for 1 h at room tempersture in 5% bovine
serum albumin buffer golution. It was washed with PBST
swing 3 times, 10 min for every time. The first antibody was
incubated at4 T overnight. The next day, PBST membrane
was washed 3 times, 10 min for every time. It was added with
the second antibody labeled horseradish peroxidase HRP),
They were incubated them for 1 h, added with PBST and
washed. Then it was added with ECL sensitivity luminous
liquid, and a protein expression level was detected with
multiple function gel imaging analyzer, With f —actin as
equal protein control, the gray value of protein band in each
group were analyzed by gel image analysiz software Image
D

2.3. Stmiistical processing

All data were presented a3 mean—+satandard deviation, the
experimental resnlts was analyzed with SPS511.0 software

package. The variance homogeneity teat and i test were
used between the two groups, P<0.05 showed that they had

sipnificant difference.
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3. Result
3.1, Resules of the cell profiferation roze

Az showm in Figure 1, the proliferation rate of BEL-7404
cells in all the treatment groups were significantly lower
than those of the control group (P<0.01), When veliparib
concentration was 5 [ mol/L, the inhibitory effect on the
proliferation rate of BEL-7404 was more significant than that
with ADR alone (P<0.05). When the veliparib concentration
waz 10 ¢ mol/L and 20 ¢ mol/L, the proliferation rate
of BEL~7404 was significantly increased (P«<0.01}). The
proliferation rdes of ADR group, group A, group B and group
C eell were veliparib doae—dependent.

Cell proliferation rate (%)

Cantiul ALV Coroup A Corops 1B Lepoup L

Figure 1. MTT test analysis.

The cell proliferation rate of BEL-7404 was changed afier
24 h treated with ADR and (o) veliparib. Compared with
the control group, *P<0.05. Compared with ADR group,
##P<0.01. Compsred with ADR group, #P<0.05.

3.2. Results of the apoptosis rate

As shown in Figure 2, BEL-7404 cells were treated with
different methods afier 24 h, the apoptosis was the main
form of cell carly death in all treatment groups. And whether
the early apoptosia rate or late apoptosia rate, they were

significantly higher than thoee of the control group (P<0.061).
When veliparib and ADR was used together icombined group
A, B and ¢), with the dese increased, the cell apoptotic rate
was increased, which showed Veliparib deee dependent
change,and the early and late apoplosis apoptosis rate was
higher than that in ADR group signifieantly (P<0.05).

3.3, Experimental results of single cell gel alsctrophoresis

As shown in Figure 3, the BEL-7404 cells were treated for
24 h, compared to the control group, DNA damage degree
of all treated group were increased significanily (P<0.01).
Treated with veliparib and ADR, BEL-7404 cell DNA damage
level was increased with veliparib deose increasing, and it
was veliparib dose dependent. Compared with ADR group,
¢cell DNA damage in o]l treated group was also increased
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gignificantly (P<0.05).
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Figmee 2, Change of apoptosis zate of BEL-7404 cells treated with
ADR and (or} veliparib by flow cytometry afier 24 b

Compared with the contiol group, **P<0.01. Compared with the
control gronp, *P<0.05. Compared with ADR group, ##P<{0.0H.

Compared with ADR group, #P<0L05.
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Figure 3. DNA damage degree of BEL-7404 cell detected by aingle
oall gel alsctrophoresis assay treated with ADR. and (o) veliparib for
24 h.

Compered with the contxol group, *P<0.0%. Compared with ADR
group, #P<0.01.Compared with ADR group, #P<0.05.

3.4. Resulis of Western blotting

Aa ghown in Figure 4, BEL-7404 cells were treated for 24
h, mitochondrial € level of cytochrome in the treatment
group were lower significantly, while those in cytoplasm was
increased aignificantly (P<0.05). With veliparib and ADR
together, except (ADR+S mol/L veliparib) group, cytochrome
C levels of mitochondrion in the other combination group
were significantly lower than those in ADR alone treated
group {P<0.05). Cytochrome C level of intracellular in all the
combined treatment groups were significantly higher than
those of ADR alome treatment group (P<0.01).
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Figure 4. Cytochreme ¢ distibution changes of BEL-74(M cell in the
mitochondria and cytoplasm after 24 h.

Compared with the control group, *P<.05. Compared with ADR
group, ##P<0.01. Compared with ADR group, #P<0.05.

4, Discussion

PARF is an impaortant gene in eukaryotic cells, and play
a central role in the DNA damage and repair processiio],
PARP-1 is one of the most important members of PARP
family and a kind of ribozgyme in eukaryotic cells, When
the DNA damage occurs, its conservative sequence can
combined with single or double atranded DNA rapidly
and directly, and activate DNA- protein complex form,
thereby raising more DNA damage repair factor, It can
trancfer cell damage signal and complete the DNA repair
procees by receptor protein poly adenosine diphosphate
glycosylation modification, self modification and poly
adenoaine diphosphorie acid glycoayl hydrolase rolel4l. At
the same time, the excessive activation of PARP-1 initiaie
the cells apoptosis by promoting mitechondrial apoptosis
inducing factor release and the fracture of deuble stranded
DNANY, Deletion of PARP—1 can make DNA injury of tumor
¢ell be susceptible to chemotherapy drug, which may
involved in certain tumors occur directlyli2l. In addition,
the function of PARP-1 is inhibited by chemical inhihitors
or gene silencing, and which can reduce DNA damage
repair efficiency and enhance the effect of radiotherapy
or chemotherapy for some DNA damage(19]. Recently, the
application of PARP inhibitors alone achieved good effect
in the specific treatment of tumor. Bryant study found that
a PARP-1 inhibitor alone could inhibit significantly the
tumor cells growth with deletion of BRCA-1 and BRCA
of—2 gene in vitro experiment’™]. In vivo teat, Martin found
that PARP-1 inhibitors alone could inhibit the growth of
skin tusmor cellsnta], In addition, the research that PARP-1
inhibitors with chematherapy drugs for cancer treatment
has entered clinical trials, and some progreas has been
made, Zhang et ol found the epithelial ovarian cancer cell
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line resistant to cisplatin exposure to PARP-1 inhihitor P]34
could be against ovarian cancer cell proliferation, and the
sensitivity of cells to cisplatin increased significantlyl16l,
Veliparib is a kind of PARP-1 inhibiters of oral potent, and
now has endered clinical trial, and have synergistic effects
with chemotherapy dmge including temozolomide. And it
combined with radiotherapy could enhance significantly
the killing effect on tumor and had good toleranceld],
bioavailability in mice, cats, doge after took them could be
reached at 92%, 61% and 72%{17),

In this study, human liver cancer cell line BEL—-7404 as
the research object, to investigate the effect of veliparib
inhibition ¢n ADR induced eell proliferation, The
experimental results showed that cell mortality rate of ADR
group, ADR combined veliparib group increased significantly
compared with the contral group. At the same time, mortality
rate of ADR combined with veliparib group was significanthy
higher than that of ADR alone group. This suggested that the
uge of veliparih made BEL-7404 cells to chemotherapeutic
drug suaceptibility to ADR. Further proved cells DNA
damage of ADR group, ADR combined veliparib group were
gignificantly increased, DNA damage level of ADR combined
veliparib group was significantly higher than that of ADR
alone group, Resulta of protein levels ehowed cylochrome ¢
release of mitochondrion in ADR combined with veliparib
group was higher than that of control group and ADR alone
group. Cytochrome c release was a key event in apoptosis of
mitochondrial dependendiis], Therefors, MTT, cell apoptosis
and single cell gel electrophoresis experiment results
showed in this experimental system, veliparib aggravate the
damage tumor cells DNA induced ADR through DNA repair
mhibition of PARP-1, and promote the inducing effect of
ADR on mitechondrial dependent apoptosis.

In conclugion, the results of this study showed that, 5-20
} mol/L. concentration of vehiparb combined with routine
dosage of ADR could inhibit the proliferation of liver cancer
cell line BEL-7404 and induce its apoptosis, This study
on veliparib as sensitizer for chemotherapy ADH provide
a preliminary experimental basiz for adjuvant treatment
of liver cancer. With the deep research on veliparib as
adjuvant chemotherapy, veliparib may play the key role for
treatment of various cancer in the future clinieal.
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