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PARPG suppresses the proliferation and metastasis
of hepatocellular carcinoma by degrading XRCC6
to regulate the Wnt/B-catenin pathway
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Abstract: PARP6 belongs to the mono-ADP-ribosyltransferase family and has been shown to be involved in the
genesis and development of some tumours. However, the role of PARPG in hepatocellular carcinoma (HCC) devel-
opment remains to be fully elucidated. In the current study, we demonstrated that PARP6 was expressed at a low
level in HCC cells and was negatively related to the degree of tumour differentiation. Additionally, silencing PARP6
led to an increase in the proliferation, invasion and migration ability of HCC cells in both in vitro and in vivo as-
says. Conversely, an elevation in the PARP6 expression level had the opposite effect. Through gene chip analysis
combined with experimental verification, we confirmed that PARPG can inhibit the expression of XRCC6 by induc-
ing degradation and thus affect the Wnt/B-Catenin signalling pathway, which contributes to the suppression of
HCC. Further mechanistic investigation demonstrated that the ubiquitin ligase HDM2 can interact with PARP6 and
XRCC6, and mediated the regulatory effect of PARP6 on XRCC6 degradation. Taking together, PARP6 appears to
inhibit HCC progression through the XRCC6/Wnt/B-catenin signal axis and could be used as a biomarker for the
clinical monitoring of HCC development.
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Introduction

Hepatocellular carcinoma (HCC) is one of the
most common malignant tumours, and its mor-
tality ranks third in the world [1]. Despite the
decline in morbidity and mortality in recent
years accompanying the improvement of early
diagnosis techniques and surgical treatments,
the long-term efficacy is not satisfactory due
to the high rate of recurrence and metastasis
[2]. The genesis and development of HCC is
a complex process involving the interaction
of many genetic and environmental factors,
multi-gene participation, and multi-step regula-
tion. Therefore, a key to developing new effec-
tive clinical treatments for HCC is actively
exploring new molecules that affect the gene-
sis and development of HCC and understand-
ing the biological characteristics of these new
molecules.

Poly(ADP-ribose) polymerases (PARP) are a
class of multifunctional nuclear proteases

involved in the process of poly(ADP)glycosyla-
tion [3]. These proteases are sensitive to DNA
damage and can recognize and bind DNA str-
and gap or free DNA ends, thereby regulating
a series of molecular events, such as intracel-
lular DNA repair, replication, gene transcription,
cell cycle progression, and cell death. It is now
known that PARP family genes contribute to the
genesis and development of various diseases,
including tumours [3-5]. PARP6 is a new mem-
ber of the PARP family and is located on chro-
mosome 15923 and consists of 630 amino
acids. Since the discovery of PARPG, there have
been only a small number of studies examin-
ing its role in malignant tumours. Our previous
study in colorectal cancer found that PARP6
can regulate a member of the inhibitor of apop-
tosis family protein, surviving, and thus affect
the progression of cancer cells [6, 7]. In tandem
with this study, others have shown that several
molecules can affect the progression of breast
cancer by interfering with PARP6 function and
inhibiting the formation of the spindle in target


http://www.ajcr.us

PARPG suppresses the proliferation and metastasis of HCC

cells [8]. Despite these advances, whether PA-
RP6 is also involved in the genesis and devel-
opment of HCC has not been determined.

In this study, we found that the expression level
of PARP6 in HCC tissues is significantly lower
than that in adjacent tissues, and this observa-
tion is closely related to the differentiation
degree of HCC. In vitro and in vivo experiments
confirmed that PARP6 can inhibit the prolifera-
tion, invasion and migration abilities of HCC
cells. Mechanistic studies revealed that PARP6
can decay XRCC6 and affect the Wnt/[-catenin
signalling pathway to inhibit the genesis and
development of HCC.

Materials and methods
Patient information and clinical specimen

The tissue specimens and corresponding clini-
cal data used in this study were randomly col-
lected from the liver and gallbladder surgery of
the Affiliated Hospital of Guilin Medical College
from 2012 to 2015 and confirmed by patholo-
gists, 50 cases of HCC and corresponding adja-
cent tissues (age 35-60 years old). The speci-
mens were approved by the Medical Ethics
Committee of the Affiliated Hospital of Guilin
Medical College. The clinicopathological param-
eters include the gender, age, tumour location,
tumour size and diameter, pathological type
and stage, and liver metastasis of the patients.
The tumours were staged by the TNM staging
method revised by the Union for International
Cancer Control (UICC) in 2002. The study proto-
col was approved by the Ethics Committee of
the Guilin Medical College. Meanwhile, inform-
ed consent forms made according to the De-
claration of Helsinki have been signed by the
patients.

Immunohistochemical analysis (IHC)

The excised HCC and adjacent tissues were
immersed and fixed in 4% paraformaldehyde,
embedded in paraffin and cut into 4-mm-thick
sections. Immunohistochemical staining was
then performed according to the Envision two-
step procedure [9]. The results were divided
into four grades according to the degree of
immunohistochemical staining: 0: <10% hepa-
toma cells stain positive; 1+: 11%-25% hepato-
ma cells stain positive; 2+: 26%-50% hepato-
ma cells stain positive; 3+: >50% hepatoma
cells stain positive. Immunohistochemical an-
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alysis and scoring were performed simultane-
ously by two researchers.

Experimental reagent and antibody

Transfected liposomes and total RNA extrac-
tion reagent (TRIZOL) were purchased from
Invitrogen (Grand Island, NY, USA). PARPG,
XRCC6, Ku70, B-Catenin, p-EGFR, and MMP-7
antibodies were purchased from Santa Cruz
Biotechnology (Dallas, Texas, USA). E-cadherin,
N-cadherin, vimentin, and B-actin antibodies
were purchased from Origine (Rockville, MD,
USA). Other reagents were purchased from
Sigma (St. Louis, MO, USA).

Culture and transfection of cells

We obtained HCC cells (HepG2, Hep3B, Sk-
Hep-1, SMMC-7721, QGY-7701, LM-3) and nor-
mal liver cells (LO2) from the Chinese Acade-
my of Sciences cell bank (Shanghai, China).
HepG2, Sk-Hep-1 and Hep3B cells were grown
in Dulbecco’s modified Eagle medium (Thermo
Fisher Scientific, South America), and SMMC-
7721, LM-3, QGY-7701 and LO2 cells were
grown in RPMI-1640 medium (Thermo Fisher
Scientific) supplemented with 10% foetal bo-
vine serum (Thermo Fisher Scientific) at 37°C
and 5% CO,. The cells were revived every
three to four months. The transfection of PA-
RP6 plasmid and PARP6-siRNA were prepared
and used according to a previously described
protocol [15].

Cell proliferation test

The cell suspension of high PARP6 expres-
sion, downregulated PARP6 and negative con-
trol group were inoculated into a 96-well cul-
ture plate at a cell density of 1x10* cells/well.
After a certain period of time, 10 pl of CCK8
solution was added, and the culture plate was
placed in the incubator. After 1 to 4 hours, the
absorbance at 450 nm was measured with a
microplate reader and averaged.

Cloning formation experiment

The cells were inoculated in a six-well plate with
a density of 500 cells/well. After three weeks
of culture, the cells were fixed with 4% para-
formaldehyde for 20 min and then stained with
1% crystal violet (G1062, Solarbio, Japan) over-
night, and the number of cells per well was cal-
culated after washing three times with PBS.

Am J Cancer Res 2020;10(7):2100-2113



PARPG suppresses the proliferation and metastasis of HCC

Cell invasion and migration experiments

The hepatoma cells of each group were collect-
ed, and the invasive ability of cancer cells was
detected using a 24-well Transwell chamber
with a pore size of 8 um. A total of 1x10° cells
were added to the upper chamber. The total
volume was 200 pl. A total of 600 pl of culture
solution was added to the lower chamber. After
incubating at 37°C for 6 h, 12 h, and 24 h, the
cells on the cover of the upper chamber at the
basement membrane were wiped off with a
cotton swab, stained with 1% crystal violet
(G1062, Solarbio, Japan) and imaged. In addi-
tion, the Transwell cell membrane was not co-
ated with Matrigel solution, and the cell migra-
tion experiment had the same steps as above.

Animal experiment

The study was carried out in accordance with
the Declaration of Helsinki and the Guide to
the Care and Use of Laboratory Animals adopt-
ed and promulgated by the National Institutes
of Health. Male BALB/c nude mice 4-6 weeks
old were purchased from Shanghai Slac Experi-
mental Animal Co., Ltd. All animal experiments
were approved by the Animal Care and Use
Committee of Guilin Medical College. Stable
transfected cells in the logarithmic growth
phase were collected and injected subcutane-
ously into the right groin area of the animals.
Five weeks after the inoculation, the animals
were sacrificed. The tumour was excised, and
the tumour weight was recorded. Tumour cells
were injected into the animal through the tail
vein to determine the ability of tumour metas-
tasis. After 8 weeks, the lungs were removed
after anesthetizing the animals to detect the
number of metastases.

Western blot analysis

The cells of each experimental group were col-
lected and added to the cell lysis buffer, the
total protein was extracted, and the protein
concentration was determined by BCA (Pierce,
USA). Then, 30 pg of protein lysate was sepa-
rated by sodium dodecyl sulfate polyacryla-
mide gel electrophoresis system (SDS-PAGE),
and the specific antibody and peroxidase-la-
belled targeted secondary antibody were de-
tected and displayed by chemiluminescence.
The intensities of the bands were qualified by
ImageJ (National Institutes of Health, Bethes-
da, MD, USA).
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Gene chip analysis

The quality of total RNA was assessed using
an Agilent 2100 Bioanalyzer and the Nano-
Drop ND-1000 assay. RNA expression was
then analysed using the Affymetrix HU U133
plus 2.0 array according to the procedure. Raw
data were analysed by normalization algorithm
using robust multiarray average (RMA) in the
expression control platform software (Affyme-
trix). Genes with significant changes in the
PEA15 overexpression group and the control
group were analysed by scatter diagram, and
genes with up- or downregulated expression
changes not less than 3-fold were selected.
Cluster analysis was performed using Gene
Cluster v3.0 software, and heat map visualiza-
tion analysis was performed using Java Tree-
View v1.1.4r3 software.

Co-immunoprecipitation (Co-IP)

Cells were collected in cold PBS and lysed with
RIPA buffer (50 mM Tris (pH 7.4), 150 mM NacCl,
1 mM EDTA, 0.1% SDS, 1% NP-40, 0.5% sodium
deoxycholate, 0.5 mM DTT, and protease inhibi-
tor). The lysate was diluted 2-4-fold with dilu-
tion buffer (50 mM Tris (pH 7.4), 100 mM NaCl,
1 mM EDTA, 0.1% NP-40 and 10% glycerol, pro-
tease inhibitor). Then, 2-5 pg of antibodies was
added to the diluted cell lysate and incubated
overnight at 4°C. The next day, the protein com-
plexes were isolated by magnetic Dynabeads
Protein G for 2 h at 4°C with rotation. The bead-
antibody-protein complexes were then washed
4 times with wash buffer (50 mM Tris (pH 7.4),
125 mM NaCl, 1 mM EDTA and 0.1% NP-40)
and boiled for Western blot analysis.

Quantitative real time RT-PCR (qRT-PCR)

Total RNA was extracted from cells or tissues
using TRIzol (Invitrogen, Shanghai, China) ac-
cording to the manufacturer’s protocol. cDNA
synthesis was performed using the Prime-
Script RT reagent Kit (TakaRa, Dalian, China).
Real-time gRT-PCR analysis was performed
using Platinum SYBR Green gPCR SuperMix-
UDG kits (Life Technologies, Gaithersburg, MD,
USA) or a TagMan Probe Master Mix kit (Vazy-
me Biotech Co., Nanjing, China) according to
the manufacturer’s protocol. The expression of
genes was normalized to GAPDH. The primers
used for amplification were as follows: PARP6
forward 5-AGTTCTGGAATGATGACGACTCG-3’,
reverse 5-GTGGGTGTCGATACAGGTCAG-3'.
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Statistical analysis

The results of this study were analysed with
SPSS18.0 statistical software. The correlation
between the expression level of PARP6 and
clinical-pathological parameters was evaluated
by chi-square test (x?), and the quantitative
data were evaluated by paired t-test. The
patient survival rate and prognosis were esti-
mated using the Kaplan-Meier method. Each
group of experiments was repeated three
times, and for the comparison of the mean of
different sample data, P<0.05 indicates statis-
tical difference.

Results

PARPG6 expression in HCC tissue was lower and
inversely correlated with tumour progression

We examined PARP6 expression using IHC in
cancer and adjacent tissues from 50 cases of
HCC selected randomly (Figure 1A). The results
showed that the ratio of PARP6 in HCC tissue
staining positive was significantly lower than
that of corresponding adjacent tissue (Figure
1B). Additionally, we used gqRT-PCR and Wes-
tern blotting to examine the mRNA and protein
expression of PARP6 in HCC and adjacent tis-
sues. The results showed that the mRNA and
protein expression levels of PARP6 in HCC tis-
sues were significantly lower than those in adja-
cent tissues, which was consistent with the
immunohistochemistry results (Figure 1C, 1D).
Then, we referred to the Cancer Genome Atlas
(TCGA) and the Genotype-Tissue Expression
(GTEx) database to check the mRNA express-
ion profile of PARP6 in normal liver tissues (n=
109) and HCC tissues (n=369), further demon-
strating that the expression of PARP6 was sig-
nificantly downregulated in HCC tissues (Figure
1E).

We divided the expression levels of PARPG in
HCC into a high expression group (IHC scores:
2+ and 3+, n=11) and a low expression group
(IHC scores: O and 1+, n=39) in 50 cases of
HCC. The results showed that the expression
level of PARP6 was significantly correlated with
clinical stage (P=0.013), TNM stage (P=0.002)
and metastasis (P=0.042) but had no signifi-
cant correlation with other clinicopathological
features, including age, gender, tumour size,
and tumour diameter (Table 1). The abovemen-
tioned results demonstrate that the expres-
sion level of PARP6 in HCC tissue was signifi-
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cantly reduced and was inversely associated
with HCC progression in patients.

PARP6 may inhibit the proliferation of hepato-
ma cells in vitro and in vivo

We selected six HCC cell lines (HepG2, Hep3B,
Sk-Hep-1, SMMC-7721, QGY-7701, LM-3) and
one normal liver cell line (LO2) as a control and
examined the difference in expression levels of
PARP6 by Western blotting and gqRT-PCR. The
results showed that the expression levels of
Sk-Hep-1 and QGY-7701 cells were higher, while
the expression levels of HepG2, SMMC-7721
and LM-3 cells were relatively lower (P<0.05)
(Figure 2A, 2B). Building on these observa-
tions, we constructed an over-expression PA-
RP6 plasmid and several PARP6 siRNAs and
introduced them into LM3 and SK-Hep-1 cell
lines. The level of PARP6 expression was exam-
ined (Figure 2C, 2D), and we found that PARP6
siRNAs or plasmid were effective for PARP6
depletion or overexpression.

Subsequently, we examined proliferative ca-
pacity using the CCK8 method. Interestingly,
the proliferation ability of LM3 cells after over-
expression of PARP6 was significantly weaken-
ed compared with those in the normal group
and empty vector group, while the proliferation
ability of the Sk-Hep-1 cells was significantly
enhanced after silencing of PARPG (Figure 3A,
3B). In parallel, data from a clone formation
assay showed that the colony formation ability
of LM-3 cells was significantly lower than that
of the normal and empty vector group when
PARP6 was over-expressed (Figure 3C), while
the clone formation of Sk-Hep-1 cells was sig-
nificantly higher than that of the empty vector
group when PARP6 was knocked down (Figure
30). In addition, the in vivo animal experiment
confirmed a significant reduction in tumour vol-
ume and tumour weight in nude mice after the
upregulation of PARP6; conversely, tumour vol-
ume and tumour weight increased in nude mice
after downregulation of PARP6 (Figure 3D-F).
Taken together, the above data suggest that
PARPG6 can inhibit the proliferation of hepatoma
cells both in vitro and in vivo.

PARPG6 can inhibit the invasion and migration
of hepatoma cells in vitro and in vivo and par-
ticipate in the regulation of EMT

We examined the effects of PARP6 on the inva-
sion and migration of hepatoma cells using a
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Transwell chamber assay. The results showed
that the invasion and migration of LM-3 cells
were weakened when PARP6 was upregulated
(Figure 4A, 4B) but enhanced invasion and
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migration was observed in the Sk-Hep-1 cells
when PARP6 was knocked down (Figure 4C,
4D). Subsequently, we examined the effect of
PARPG expression on epithelial and mesenchy-
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Table 1. Relationship between PARP6 and clinicopathologi-

cal parameters in 50 HCC patients

pressing PARP6 were significantly
lower than those in the empty vector

group (Figure 4F-H), suggesting that

) All PARPG expression
Variables cases High(=1) Low(n=z9) *  ©° PARP6 can inhibit lung metastasis of
Age (years) HCC.
260 20 5 11 PARP6 regulates the XRCC6/Wnt/ -
<60 30 6 28 1173 0.466 Catenin signalling axis
Gender
Male 24 4 20 To explore how PARPG regulates the
Female 26 7 19 0.765 0.501 genesis and development of HCC,
Tumor size (cm) we carried out a global gene expre-
<5 o 6 18 ssion profile to examine the differen-
>5 26 5 o1 0.242 0.783 tial expression genes between PA-
RP6-overexpressing LM-3 cells and
AFEQ(gi/mI) 7 5 - normal LM-3 cells. Over 400 genes
were identified to have significant
>200 23 6 17 0.451 0.733 changes (FC>3, Figure 5A). GO anal-
Clinical stage ysis revealed that the most signifi-
- 19 8 1 cant differential genes are enriched
-V 31 3 28 7219 0.013 in the Wnt/B-catenin signalling path-
TNM stage way (Figure 5B).
-l 20 9 11
-V 30 2 28 10.276 0.002 XRCC6, a gene coding Ku70 protein,
Metastasis was reported to be involved in DNA
Yes 28 3 o5 recombination and repair [10]. Seve-
No 29 8 14 4.793 0.042 ral studies revealed that XRCC6 was

*Probability, P, from x test.

mal protein levels in hepatoma cells by Wes-
tern blotting. The results showed that overex-
pression of PARP6 in LM-3 cells led to increas-
ed levels of epithelial markers (E-cadherin) and
decreased levels of mesenchymal markers (N-
cadherin and vimentin) (Figure 4E). The deple-
tion of PARP6 caused the opposite expression
of these markers (Figure 4E). The above results
suggest that PARP6 can control the invasion
and migration of hepatoma cells, as well as the
EMT in hepatoma cells.

To verify whether PARP6 can affect HCC metas-
tasis in vivo, we constructed a stably transfect-
ed LM-3 cell line that overexpressed PARP6
and injected intravenously into the tail vein of
nude mice. The empty vector group was used
as a negative control. After 60 days, the nude
mice were sacrificed by cervical dislocation,
and the lung metastases were observed and
statistically recorded. The results showed that
the incidence of lung metastasis and the num-
ber of lung metastases in nude mice overex-
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a regulator of the B-catenin/Wnt sig-
nalling pathway [11-13]. In addition,
a member of the PARP family, PA-
RP1, was reported to interact with Ku70 and
regulate its function [14]. Hence, we assumed
whether PARP6 suppresses HCC progression
by regulating the XRCC6 and Wnt/B-Catenin
signalling pathways. To validate this assump-
tion, we used Western blotting to examine the
expression levels of XRCC6 and related pro-
teins of the Wnt/B-Catenin signalling pathway.
The expression levels of XRCC6B, 3-Catenin and
the downstream protein level of the Wnt/B-
Catenin pathway (C-Myc, Cyclin D1, MMP-7) in
LM-3 cells were significantly decreased after
overexpression of PARPG (Figure 5C). Conver-
sely, silencing PARP6 had the opposite effect
(Figure 5D). Then, we co-transfected over-
expressed plasmids of PARP6 and XRCC6 into
LM3 cells, and the results showed that XRCC6
over-expression restored the decreased levels
of XRCC6, B-Catenin and the downstream pro-
tein level of the Wnt/B-catenin pathway induced
by PARPG overexpression (Figure 5E). Together,
these data suggest that PARP6 regulates the
XRCC6/Wnt/B-catenin signalling axis.

Am J Cancer Res 2020;10(7):2100-2113
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lines. C. Efficiency of four PARP6 siRNAs was detected by western blotting in HCC cells. D. The expression of PARP6

was detected by western blot after PARPG plasmid transfection.

PARP6 degrades XRCC6 to regulate HCC pro-
gression

We then verified whether XRCC6 is a key factor
of PARPG6 in the regulation of the genesis and
development of HCC. Overexpressed plasmids
of PARP6 and XRCC6 were co-transfected into
HCC cells, and the changes in phenotype were
examined. Notably, XRCC6 overexpression re-
stored the decreased proliferation, colony for-
mation, invasion and migration induced by
PARP6 overexpression in LM-3 cells (Figure
6A-D). As XRCC6 can activate the B-catenin/
Wnt signalling pathway, a Wnt/B-catenin path-
way inhibitor, XAV-939, was applied to inhibit
the pathway activity. The results showed that
XAV-939 treatment blocked the promoting ef-
fects of XRCC6 on cell proliferation, colony for-
mation, invasion and migration (Figure 6A-D).

Previous studies reported that HDM2 can in-
duce XRCCG6 destabilization [15]. Therefore, we
assumed whether PARP6 regulates the stabi-
lity of the XRCC6 protein. We observed XRCC6
protein levels in the presence of cycloheximide
(CHX), an inhibitor of protein translation. PA-
RP6 overexpression resulted in considerably
faster degradation of XRCC6 (Figure 7A). Co-IP
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experiments showed that PARP6 co-immuno-
precipitated with XRCC6 reciprocally (Figure
7B). Moreover, treatment with MG132 (a pro-
teasome inhibitor) apparently rescued the do-
wnregulation of XRCC6 protein levels caused
by PARP6 overexpression (Figure 7C). These
results indicated that XRCC6 was degraded by
PARPG.

Previous study showed that ubiquitin ligase
activity of HDM2 (human homolog of murine
double minutes 2) is required for XRCC6 de-
stabilization [15], we came to examine whether
HDM2 is involved in XRCC6 destabilization
caused by PARP6. Notably, Co-IP experiments
demonstrated that HDM2 antibody co-immu-
noprecipitated with XRCC6 and PARPG (Figure
7D). Transfection with HDM2 siRNA or treat-
ment with Nutlin-3, an Hdm2 inhibitor, can res-
cue the decreased XRCC6 level induced by
PARPG6 overexpression (Figure 7E) suggest th-
at HDM2 is required for PARP6-induced XR-
CC6 destabilization.

Discussion

In this study, using qRT-PCR, IHC and Western
blotting, we demonstrated that the level of PA-

Am J Cancer Res 2020;10(7):2100-2113
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RP6 protein expression was significantly redu-
ced in HCC tissues compared to normal adja-
cent liver tissues. In vitro and in vivo experi-
ments showed that PARPG6 inhibited prolifera-
tion, colony formation, invasion and migration
in hepatoma cells. In addition, through analys-
ing the data from gene chips combined with
literature mining, we discovered that PARP6
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influences the progression of HCC via the
XRCC6/Wnt/B-catenin signalling pathway. No-
tably, we demonstrated for the first time that
PARP6 suppressed XRCC6 through inducing
its degradation.

To date, 17 members have been found in the
PARP family, such as PARP1-4, 5a, 53 and 6-

Am J Cancer Res 2020;10(7):2100-2113



PARPG suppresses the proliferation and metastasis of HCC

A B jorati Invasion
=
= 150 Migration 2 60
= = =
£ 5 Z
) 2 100 z 40
E 2 1> *%
- 5
S 50+ w 20
= £ )
.g "E .E
‘é‘ 3 0- 2 &
= o o gb o P ?b
oo o \1? & & q??"t
Cc . D o
siCrl siPARPG-1 SiPARP6-2 - Migration o Invasion
R . . S 100- c
RN = 2
o ] @
&b . — B8 60+ E
= 5 S 40 =
= B z
‘ Mo 8 2
g ©w  E £
S g g
& 4 z
>
E S
E
M
E-cadherin _ E-cadherin m
N-cadherin - N-cadherin -
Vimentin - Vimentin . S
B-actin  SEESNG— B-actin /M. —
LM3 SK-Hep-1

PARP6 H

0 .

Number of lung metastatic
foci per section

Vec PARP6

Figure 4. PARPG inhibits the metastasis of HCC cells in vitro and in vivo. A, B. Migration and invasion were assessed
by Transwell in LM3 cells overexpressing PARP6. C, D. Migration and invasion were assessed by Transwell in Sk-
Hep-1 cells with PARP6 knockdown. E. Western blotting was used to analyse the expression of EMT markers in HCC
cells with PARP6 overexpression or knockdown. F. Live imaging to observe lung metastasis. G, H. Representative
images of the histological assessment of the lungs via H&E staining (x200). The metastatic lesion is indicated by
an arrow. The number of metastatic lesions in the lung was significantly decreased in the mice injected with PARP6-
overexpressing LM3 cells (*, P<0.05; **, P<0.01).

16, and many of them have been shown to
directly impact the genesis and development
of tumours [16]. PARP1 is the earliest and
most well-recognized PARP member. Our previ-
ous studies have also shown that high levels
of PARP1 expression in hepatoma cells can in-
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hibit apoptosis [17]. Targeting PARP1 for syn-
thetic lethality is a new strategy for breast can-
cer treatment [18]. PARP10 was originally iden-
tified as a Myc-interacting protein [19]. PARP10
can increase the migration and invasion of
tumour cells through regulation of EMT in HCC
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Figure 5. PARPG6 regulates the XRCC6/Wnt/B-Catenin signalling axis. A. Gene chip analysis were applied to exam-
ine the differential expression genes between PARP6G-overexpressing LM-3 cells and vector-transfected LM-3 cells
(FC>3). B. Gene microarray analysis revealed that these genes were involved in a variety of signalling pathways.
C, D. Western blotting was used to analyse the protein levels of XRCC6, B-catenin, c-Myc, MMP-7 and cyclin D1 in
PARPG-overexpressing LM-3 cells and PARP6-silenced SK-Hep-1 cells. E. Western blot was used to analyse the
protein levels of XRCCG, B-Catenin, c-Myc, MMP-7 and Cyclin D1 in LM-3 cells transfected with PARP6 and XRCC6

plasmids (*, P<0.05; **, P<0.01).

[20]. In addition, PARP14 has also been shown
to accelerate lymphomagenesis driven by per-
sistent overexpression of the oncogene c-Myc
[21], PARP14 is also upregulated in HCC and is
required for tumour growth [5]. The function of
PARP6 has been verified in colorectal cancer
and breast cancer; however, the role of PARP6
in HCC is unknown. In our study, we demon-
strated that PARP6 has antitumour effects,
which manifest as suppressed proliferation
and metastasis abilities.

XRCC is a family of DNA repair genes whose pri-

mary function is to repair single-strand breaks
and DNA-based damage [10]. Aberrant expre-
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ssion of XRCC6 has been reported in several
types of tumours, such as lung cancer [22],
gastric cancer [23] and colorectal cancer [7].
Lim et al. demonstrated that XRCC6 expres-
sion was mediated by NF-kB and that overex-
pression of XRCC6 contributes to cell prolifera-
tion and carcinogenesis in gastric cancer [23].
Zhang et al. reported that XRCC6 regulates
hepatocellular carcinoma cell proliferation and
hepatic carcinogenesis by interacting with
FOX04 [24]. Wnt/B-catenin pathway activation
has been observed in many malignancies and
contributes to tumour occurrence and progres-
sion [25]. Studies revealed that XRCCG6 is a
regulator of the B-catenin/Wnt signalling path-
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Figure 6. PARP6 regulates HCC progression through XRCCG6. A, B. The viability of PARP6-overexpressing LM3 cells
was examined by CCK8 and colony formation assay after treatment with XRCC6 overexpression plasmid or XAV-939
with or without XRCC6 overexpression. C, D. The invasion and migration abilities were measured by Transwell assay

in PARPG-overexpressing LM3 cells after treatment with XRCC6 overexpression plasmid or XAV-939 (*, P<0.05; **,
P<0.01).
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Figure 7. PARPG interacts with HDM2 to degrade XRCC6. A. LM3 cells were co-transfected with PARP6 and XRCC6
overexpression plasmids and treated with 50 Ig/ml CHX before collection at designated time points. Relative quan-
tification of XRCC6 protein levels was assessed at different time points. B. Reciprocal Co-immunoprecipitation of
PARP6 and XRCC7 in LM3 cells. C. Before collection, the protein level was examined in PARP6-overexpressing LM3
cells with or without treatment with 10 yM MG132 for 4 h. D. Whole lysates were immunoprecipitates with anti-
HDM2 beads, then products were blotted with anti-PARP6, and anti-XRCC6 antibodies. E. Western blotting was used
to analyse the protein levels of XRCC6, PARP6 and HDM2 in LM3 cells treated with or without PARPG overexpression
plasmid, and in PARPG-overexpressed LM3 cells transfected with HDM2 siRNA, or Nutlin-3 (*, P<0.05; **, P<0.01).
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way in several tumour types, such as colorectal
cancer [26], and osteosarcoma [13]. In our
study, overexpression of PARP6 downregulated
XRCC6, B-catenin and downstream genes of
the Wnt/B-catenin signalling pathway, and the
inhibitory effects were reversed by XRCC6 over-
expression, suggesting that PARPG inhibits the
Wnt/B-catenin signalling pathway via XRCC6,
which is consistent with previous studies.

The mechanism by which PARP6 regulates XR-
CC6 is unclear. Several reports have revealed
that PARP-1 can interact with XRCC6 [26, 27].
These studies prompted us to examine whe-
ther PARP-6 can interact with XRCC6 in HCC
cells. Interestingly, an IP assay demonstrated
that both proteins can bind to each other. Pre-
vious studies reported that several molecules
participated in the regulation of Ku70 stabiliza-
tion. For example, HdmM2 (human homolog of
murine double minute) has the ability to de-
grade Ku70 [15], and the deubiquitinating en-
zyme USP50 has a potential role in the regula-
tion of Ku70 stability [28]. In terms of these
proteins, we speculated whether PARPG can
decrease the amount of XRCC6 through in-
ducing degradation. To evaluate this assump-
tion, we treated cells with the protein synthe-
sis inhibitor CHX, and the degradation rate of
XRCC6 was enhanced by PARP6 overexpres-
sion. In addition, treating cells with a proteas-
ome inhibitor, MG132, apparently rescued the
downregulation of XRCC6 protein levels caus-
ed by PARPG overexpression. suggesting that
PARPG is involved in mediating degradation of
XRCC®6. Indeed, PARP6 was reported to be a
mono (ADP-ribose)-generating PARP, but its
biological characterization was limited. A re-
port in breast cancer showed that PARPG
directly ADP-ribosylates Chk1, leading to MPS
formation, impaired cell growth, and induction
of apoptosis [8]. In addition to ADP-ribosylation
function, our study demonstrated a new func-
tion of regulating degradation of PARPG for the
first time. Considering that PARP6 might not
modulate protein stability independently, we
further identify whether the function of PARP6
in regulating degradation depends on the par-
ticipation of other proteins. Hdm2 is defined as
a RING-type E3 ubiquitin ligase with a promi-
nent role in tumorigenesis, it has been shown
that HAM2 has an ability to facilitate XRCC6
degradation [15]. Notably, in our study, we
found that HDM2 can interact with PARP6 and
XRCCB6, and inhibiting Hdm2 can abolish the
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inhibitory effects of PARP6 on XRCC6 stability.
So we proposed that HDM2 mediated the regu-
lation of PARP6 on XRCC6.

In the current work, we showed that PARPG
affects the progression of HCC by regulating
the XRCC6/Wnt/B-catenin signal axis and de-
monstrated that PARP6 regulates XRCC6 th-
rough mediating its degradation. This study
compensates for the lack of research on the
function and mechanism of PARP6 and lays a
foundation for future diagnosis and treatment
of HCC.
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