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Upregulated expression of polycomb protein Ring1 contributes
to poor prognosis and accelerated proliferation in human
hepatocellular carcinoma
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Abstract Ring finger protein 1 (Ring1) have recently been
reported to be closely related to aggressive tumor features in
multiple cancer types, including prostate cancer, non-small-
cell lung cancer, and bladder cancer. However, the role of
Ring1 in human hepatocarcinogenesis remains unclear. In this
study, we aimed at investigating the latent role of Ring1 in
hepatocellular carcinoma (HCC) development. The expres-
sion of Ring1 was evaluated using Western blot analysis in 8
paired fresh HCC tissues and immunohistochemistry on 98
paraffin-embedded sections from 2005 to 2008. Moreover,
RNA interference, CCK-8, colony formation, and flow-
cytometry analyses were performed to investigate the role of
Ring1 in the regulation of HCC cell proliferation. Compared
with adjacent normal tissues, the level of Ring1 was signifi-
cantly increased inHCC specimens. High expression of Ring1
was associated with histological grade (P=0.011) and tumor
size (P=0.004), and Ring1 expression was positively related
with the proliferation marker Ki-67 (P<0.001). Moreover,
knocking down Ring1 induced growth impairment and G1/S
cell cycle arrest in HCC cells. Kaplan–Meier survival curves
showed that high expression of Ring1 indicated poor progno-
sis of HCC (P=0.03). On the basis of these results, we

proposed that the expression of Ring1 protein may be a novel
indicator of HCC prognosis.
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Introduction

Human hepatocellular carcinoma (HCC) ranks the fifth lead-
ing cause of cancer mortality worldwide. Because of the high
prevalence of invasion and metastasis, the 5-year postopera-
tive survival rate is 30–40 % [1–3]. The exact molecular
mechanisms underlying the occurrence and development of
HCC remain to be elucidated, though various risk factors for
HCC, such as hepatitis B virus (HBV), hepatitis C virus
(HCV), and aflatoxin B1, have been well defined [4]. More-
over, hepatocarcinogenesis is a very complex process associ-
ated with complicated changes in host gene expression pat-
terns including oncogenes, tumor suppressor genes, and some
cell cycle regulators during the processes of HCC initiation
and progression [5]. Therefore, the identification of potential
molecule underlying HCC development may provide new
strategies for the diagnosis and treatment of this dismal
disease.

Ring1 is a member of polycomb-group (PcG) protein that
contains a RING finger motif, a specific zinc-binding domain
that exists in many regulatory proteins [6]. Ring finger protein
1 (Ring1) was first reported as a transcriptional repressor
interacting with the PcG protein complex and exerting tumor-
igenic activity [7]. Ring1 interacts with polycomb-group pro-
teins to mediate histone ubiquitylation and Hox gene silencing
[8]. It is supposed that Ring1 is mainly confined to polycomb
repressive complex 1 (PRC1). Ring1-containing PRC1 plays
an important role in the regulation of cell proliferation and
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transformation [9, 10]. For example, PRC1 binds directly to
INK4A-ARF locus and repress the expression of
p16INK4A and p14ARF, leading to resultant CDK4/
CDK6 activation and cell proliferation [11]. Importantly,
it has been manifest that polycomb group proteins exert
critical roles in the maintenance of somatic and cancer
stem cells [12]. Accordingly, substantial evidence has in-
dicated that Ring1 is highly expressed in assorted cancer
types, including lung cancer [13, 14] and bladder cancer
[15]. However, it remains unclear whether Ring1 exerts a
function in hepatocarcinogenesis.

In the current study, we investigated the clinical signifi-
cance of Ring1 expression in HCC patients and the correlation
between Ring1 expression and clinicopathological parameters
by immunohistochemistry in HCC specimens. We found that
the expression of Ring1 was closely correlated with histolog-
ical grade (P=0.011), tumor size (P=0. 004), and the overall
survival of HCC patients. In addition, Kaplan–Meier survival
curve analysis indicated the usefulness of Ring1 as a prognos-
tic factor of HCC. All these data implied that Ring1 might be a
HCC-associated molecule with a prognostic value.

Materials and methods

Patients

Hepatocellular carcinoma tissues were obtained from 98 pa-
tients who underwent hepatic resection without preoperative
systemic chemotherapy at the Surgery Department of the Af-
filiated Hospital of Nantong University from 2005 to 2008.
All HCC tissues were collected using protocols approved by
the Ethics Committee of Cancer Hospital of Nantong Univer-
sity, and written informed consent was obtained from every
patient. The main clinical and pathologic variables are shown
in Table 1. Their ages ranged from 25 to 77 years, with an
average age of 53.04 years. Most of the patients were male
and the male to female ratio was 65:33. Histological grades
were classified to well (grade I-II; n=54) and poorly differen-
tiated (grade III-IV; n=44). The follow-up time was 5 years,
with a range of 2 to 70 months. Formalin-fixed, paraffin-
embedded sections were prepared for all tissues and reviewed
by 3 pathologists. Clinical data (patient history, diagnosis,
staging, and survival) were obtained from the National Cancer
Institute BRegina Elena^ databases. Survival data were inte-
grated by periodic interviews with their relatives. Tissue spec-
imens were immediately processed after surgical removal. For
histological examination, all tumorous and surrounding non-
tumorous tissue portions were processed into 10 % buffered
formalin-fixed, paraffin-embedded blocks. Protein was ana-
lyzed in 8 snap-frozen tumorous and adjacent non-tumorous
tissue samples that were stored at −80 °C.

Immunohistochemistry

The sections were deparaffinized using a graded ethanol se-
ries, and endogenous peroxidase activity was blocked by
soaking in 0.3 % hydrogen peroxide. Thereafter, the sections
were processed in 10 mM citrate buffer (pH 6.0) and heated to
121 °C in an autoclave for 20min to retrieve the antigen. After
rinsing in phosphate-buffered saline (PBS; pH 7.2), 10 % goat
serum was applied for 1 h at room temperature to block any
non-specific reactions. The sections were then incubated 4 h
with anti-human Ring1 monoclonal antibody (diluted 1:100;
Santa Cruz Biotechnology, Santa Cruz, CA) and anti-Ki-67
mouse monoclonal antibody (diluted 1:100; Santa Cruz Bio-
technology). Negative control slides were also processed in
parallel using a non-specific immunoglobulin IgG (diluted
1:100; Santa Cruz Biotechnology) at the same concentration
as the primary antibody. All slides were processed using the
peroxidase-anti-peroxidase complex method (Dako, Ham-
burg, Germany). After rinsing in water, the peroxidase sec-
tions were counterstained with hematoxylin, dehydrated, and
cover-slipped [16].

Immunohistochemical evaluation

Stained sections were observed under a microscope. All of the
immunostained sections were evaluated in a blinded manner
without knowledge of the clinical and pathological parameters
of the patients. For assessment of Ring1 and Ki67, 5 high-
power fields in each specimen were selected randomly, and
cell staining was examined under high-power magnification.
More than 500 cells were counted to determine the mean
percent, which represented the percentage of immunostained
cells related to the total number of cells. We defined that: (+):
≥ mean percent; (−): < mean percent. In half of the samples,
staining was repeated twice to avoid possible technical errors,
but similar results were obtained in these samples [17].

Western blot analysis

Before Western blotting, cells were washed three times with
ice-cold PBS, re-suspended in lysis buffer (50 mM Tris–HCl,
120 mM NaCl, 0.5 % Nonidet P-40, 100 mM NaF, 200
lMNa3VO4, and protease inhibitor mixture) or frozen tissues
were homogenized in lysis buffer (1 % NP-40, 50 mM/l Tris,
pH 7.5, 5 mM/l EDTA, 1 % SDS, 1% sodium deoxycholate,
1 % Triton X-100, 1 mM/l PMSF, 10 mg/ml aprotinin, and
1 mg/ml leupeptin), and then incubated for 20 min at 4 °C
while rocking. Lysates were cleared by centrifugation (10min,
12,000 rpm, 4 °C). Fifty micrograms of total protein was re-
solved by SDS-PAGE and transferred onto polyvinylidene
difluoride membranes (Immbilon, Millipore). The membranes
were firstly blocked with 5 % nonfat dry milk and then incu-
bated with the primary antibody described above for 2 h at
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room temperature. After three times of washes, filters were
incubated with horseradish peroxidase-conjugated secondary
human anti-mouse or anti-rabbit antibodies (1:5000; pierce)
for 1 h at room temperature according to the manufacturer’s
instructions. Detection of immunocomplexes was performed
with an enhanced chemiluminescence system (NEN Life Sci-
ence Products, Boston, MA) [18].

Cell culture and cell cycle analysis

The SMMC-7721, HepG2, SK-Hep1, and 97H human HCC
lines along with LO2—a normal human liver cell line—were
obtained from the Institute of Cell Biology, Academic Sinica
and cultured in DMEM supplemented with 10 % fetal bovine
serum, 100 units/ml penicillin, and 100 μg/ml streptomycin in
5 % CO2 at 37 °C. For cell cycle analysis, cells were fixed in
70 % ethanol for 1 h at 4 °C, and then incubated with 1 mg/ml
RNase A for 30min at 37 °C. Subsequently, cells were stained
with propidiumiodide (50 μg/ml PI) (Becton Dickinson, San
Jose, CA) in PBS, 0.5 % triton-×100, and analyzed using a
Becton Dickinson flow cytometer BD FACSCAN (San Jose,
CA) and Cell Quest acquisition and analysis programs [19].

SiRNA and transfection

Small interference RNAs (siRNA) were chemically synthe-
sized (GenePharma Co. Ltd). The synthesized oligonucleo-
tides for RNA interference (RNAi) Ring1 targeted the se-
quences: siRNA#1: 5′-AGAUCUUAGAGAUCAGGGCTT-
3′; siRNA#2: 5′-AAACAGCAAUCUCUGUGCCTT-3′. A
nonspecific scrambled siRNA with a sequence of 5′-UUCU
CCGAACGUGUCACGUTT-3′ was used as a negative con-
trol. Huh7 cells were seeded the day before transfection using
the Dulbecco-modified Eagle medium with 10 % FBS but
without antibiotics. For transient transfection, the Ring1
siRNA vector and the negative control vector were carried
out by adding the mixture of siRNA and the siRNA transfec-
tion reagent (Santa Cruz Biotechnology) and plus siRNA di-
lution buffer as suggested by the manufacturer. Transfected
cells were used for the subsequent experiments 48 h after
transfection.

Cell proliferation assay

Cell viability was measured using the Cell Counting Kit-
8(CCK-8) assay following the manufacturer’s instructions.

Table 1 Clinicopathological features of HCC in relation to the Ring1/Ki67 expression pattern

Clinicopathological features Total Ki67

Negative Positive P value χ2 value Negative Positive P value χ2 value
n=45 n=53 n=37 n=61

Age (years) <45 39 21 18 0.200 1.639 13 26 0.463 0.539

≥45 59 24 35 24 35

Gender female 33 12 21 0.176 1.829 14 19 0.497 0.462

male 65 33 32 23 42

Serum AFP level (ng/ml) <50 51 22 29 0.565 0.331 19 32 0.915 0.011

≥50 47 23 24 18 29

Cirrhosis absent 27 11 16 0.526 0.402 12 15 0.400 0.710

present 71 34 37 25 46

No. of tumor nodes Single 62 24 38 0.060 3.532 21 41 0.298 1.083

multiple 36 21 15 16 20

Maximal tumor size (cm) <4.5 52 31 21 0.004* 8.369 30 22 <0.001* 18.738

≥4.5 46 14 32 7 39

Tumor metastasis absent 81 40 41 0.133 2.257 34 47 0.060 3.539

present 17 5 12 3 14

Microvascular invasion absent 70 35 35 0.200 1.644 30 40 0.099 2.714

present 28 10 18 7 21

Histological grade I-II 54 31 23 0.011* 6.328 30 24 <0.001* 16.216

III-IV 44 14 30 7 37

Ki67 expression Negative 37 29 8 <0.001* 25.221

Positive 61 16 45

Statistical analyses were carried out using Pearson χ2 test

*P<0.05 was considered significant
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Briefly, cells were plated at a density of 2×104 cells/well in a
96-well plate in a volume of 100 μL and grown overnight.
After adding Cell Counting Kit-8 (Dojindo, Kumamoto, Ja-
pan) reagents to a subset of wells under different treatments
and the cells were incubated for 2 h at 37 °C, we quantified the
absorbance on an automated plate reader.

Colony formation assay

Huh7 cells were seeded at 200 cells/well in 6-well culture
plates after transfected according to the manufacturer’s in-
structions. After cultured for 10 days, the colonies (≥50
cells/colony) were counted after 0.5 % crystal violet staining.

Statistical analysis

Statistical analysis was performed using the Stat View 5.0
software package. The association between Ring1 and Ki-67
expression and clinicopathological variables were computed
using the χ2 test. Ki-67 and Ring1 expression in HCC was
studied using the Spearman rank correlation test because the
data were not normally distributed. For analysis of survival
data, Kaplan–Meier curves were constructed, and the log-rank
test was performed. Multivariate analysis was performed
using Cox’s proportional hazards model. P<0.05 was consid-
ered statistically significant in the statistical analysis. The re-
sults are expressed as mean±SE [20].

Results

Increased expression of Ring1 inHCC tissues and cell lines

To determine whether the level of Ring1 is associated with the
progression of HCC, comparative analysis of Ring1 expres-
sion was conducted on eight pairs of matched HCC tissues
and adjacent normal tissues and five HCC cell lines using
Western blotting analysis. As shown in Fig. 1, the expression
of Ring1 was dramatically increased in HCC tissues compared
with the adjacent normal tissues (Fig.1a, b). In addition, Huh7
cells displayed the highest abundance of Ring1 whereas LO2
hepatocytes exhibited the lowest level of Ring1 expression
among these available HCC cells and hepatocytes (Fig.1c, d).

Ring1 expression correlates consistently with Ki-67
expression in HCC

Next, we determined the association between Ring1 expres-
sion and the histological characteristics of HCC. Ninety-eight
paraffin-embedded HCC clinical specimens, which included
54 cases of well-differentiated carcinoma (stage I-II) and 44
cases of poor-differentiated carcinoma (stage III-IV), were
examined using immunohistochemical staining. We observed

a positive correlation between the expression of Ring1 and Ki-
67 and identified that high expression of Ring1 (A) correlated
with high Ki-67 expression (B) in HCC specimens, whereas
Ring1 and Ki-67 expression were barely identified in adjacent
normal liver tissues (Fig. 2). The percentage of Ring1-positive
tumor cells ranged from 2.32 to 98.21. The mean percentage
of positive cells was 57.22. The percentage of Ki-67-positive
tumor cells ranged from 3.11 to 98.42. The mean percentage
of positive cells was 59.33. Moreover, there was a positive
correlation between Ring1 and Ki-67 expression, with a cor-
relation coefficient of 0.581 (P<0.001, Fig. 3). These data
implied that upregulated expression of Ring1 potentially con-
tributed to HCC progression.

Correlation between Ring1 expression
and clinicopathological features in HCC

We further evaluated the association between Ring1 expres-
sion and the clinicopathological parameters of HCC patients.
The patients’ clinicopathological data are summarized in Ta-
ble 1. For statistical analysis of the expression of Ring1 and
Ki-67, the HCC specimens were separated into two groups,
high expressers and low expressers, according to the percent-
age of Ring1 and Ki-67-positive cells using the cutoff values
of 57.22 and 59.33 % representing the mean value of Ring1
and Ki-67 expression, respectively. Ring1 expression was sig-
nificantly correlated with histological grade (P=0.011) and
tumor size (P=0.004). However, there was no significant cor-
relation between Ring1 expression and the prognostic factors
such as patients’ age, gender, serum AFP level, liver cirrhosis
status, No. of tumor nodes, tumor metastasis status, and mi-
crovascular invasion. Therefore, we speculated that upregula-
tion of Ring1 might specifically facilitate HCC growth.

The prognostic significance of Ring1 expression

Thereafter, we investigated whether Ring1 expression could
predict the prognosis of HCC patients. The follow-up data of
98 patients were totally collected and subjected to survival
analysis. As shown in Table 2, we evaluated the association
between patients’ survival status and clinicopathological pa-
rameters. Through the analysis, we found that there was sig-
nificant correlation between patients’ survival status and clin-
icopathological parameters such as Ring1 expression
(P<0.001) and Ki-67 expression (P<0.001). So we further
carried out Kaplan–Meier analysis to study the correlation
between Ring1 and patients’ survival. In this way, it was found
that patients with high Ring1 expression predicted significant-
ly worsened overall survival (P<0.001, Fig. 4). Multivariate
analysis using the Cox proportional hazards model showed
that the levels of Ring1 (P=0.014) and Ki-67 (P=0.008) were
independent prognostic indicators of overall survival
(Table 3).
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Ring1 was high expressed in proliferating HCC cell lines

Based on the above results, we considered that Ring1 might
promote HCC development through modulating HCC
growth. To verify this piece of hypothesis, we further analyzed

the expression of Ring1 during cell cycle progression in HCC
cells. Huh7 cells were arrested in G1 phase by serum depriva-
tion for 72 h. After serum-refeeding, the cells were released
fromG1 phase and entered into S phase (Fig. 5a).Western blot
result showed that the expression of Ring1 was increased as

Fig. 1 Expression of Ring1 in
human hepatocellular carcinoma
tissues and cell lines. Eight
representative paired samples of
HCC tissue (T) and adjacent
normal tissues (N) were used for
Western blot analysis. The results
of Western blot analysis (a) and
the quantification graph (b)
shows that, in all samples except
one tested, Ring1 expression
levels were significantly higher in
HCC than in paired adjacent
normal tissues. Western blot
analysis shows that Ring1 protein
expression is increased in HCC
cells compared with the normal
liver cell line (L02) (c). The bar
chart demonstrates the ratio of
Ring1 protein to GAPDH by
densitometry (d). The data are
mean±SEM. GAPDH was used
as a control for protein load and
integrity. The same experiment
was repeated at least 3 times

Fig. 2 Ring1 expression in HCC
and adjacent non-cancerous
tissues by immunohistochemical
staining paraffin-embedded HCC
tissue sections were stained with
antibodies against Ring1, Ki-67,
and counterstained with
hematoxylin. High Ring1 (a) and
Ki-67 (b) expression was detected
in HCC specimen (SP×400).
Meanwhile, low levels of Ring1
expression (c) were seen in the
adjacent non-cancerous tissues,
whereas low concentrations of
Ki-67 (d) were observed in the
same adjacent non-cancerous
tissues (SP×400). Details of the
experiments are given in
BMaterials and methods^
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early as 4 h after serum-stimulation. Meanwhile, the expres-
sion of Cyclin D1 and PCNA was correlatively upregulated

(Fig.5b, c). These results suggested Ring1 might work as a
cell cycle promoter in regulating HCC cell proliferation.

Fig. 3 Relationship between Ki-
67 proliferation index and Ring1
expression in HCC Scatterplot of
Ki-67 versus Ring1 with
regression line showing a
correlation of them using the
Spearman’s correlation
coefficient (P<0.001)

Table 2 Survival status and
clinicopathological parameters in
HCC speciments

Parameters Total Survival status P value χ2 value

Dead Alive
n=52 n=46

Age (years) <45 39 18 21 0.265 1.241

≥45 59 34 25

Gender Female 33 17 16 0.827 0.048

Male 65 35 30

Serum AFP level (ng/ml) <50 51 26 25 0.667 0.185

≥50 47 26 21

Cirrhosis Absent 27 16 11 0.448 0.575

Present 71 36 35

No. of tumor nodes Single 62 34 28 0.644 0.214

Multiple 36 18 18

Maximal tumor size (cm) <4.5 52 23 29 0.063 3.468

≥4.5 46 29 17

Tumor metastasis Absent 81 40 41 0.111 2.537

Present 17 12 5

Microvascular invasion Absent 70 36 34 0.609 0.442

Present 28 16 12

Histological grade I-II 55 26 28 0.280 1.166

III-IV 44 26 18

Ring1 expression Negative 45 13 32 <0.001* 19.520

Positive 53 39 14

Ki67 expression Negative 37 8 29 <0.001* 23.591

Positive 61 44 17

9584 Tumor Biol. (2015) 36:9579–9588



Ring1 knockdown suppress cellular proliferation
and inhibit cell cycle progress

To further determine the regulatory role of Ring1 on HCC
growth, we used chemically synthesized siRNA to knock
down endogenous Ring1 in Huh7 cells. The interference effi-
ciencies of the Ring1-targeting siRNAs were assessed 48 h
post-transfection using Western blot analysis. As predicted,
Ring1 siRNA oligos, especially siRing1#2, markedly

attenuated the cellular level of Ring1 in Huh7 cells, compared
with cells transfected with control siRNA (Fig.6a). It was also
found that, after siRing1#2 transfection, the levels of cyclin
D1 and PCNA significantly declined in Huh7 cells (Fig. 6b,
c). Moreover, we also showed that Ring1-depleted Huh7 cells
exhibited significantly decreased proliferation, compared with
negative control siRNA- or mock-transfected cells (Fig.6d)
using CCK-8 assay. Similar results were obtained using colo-
ny formation assay (Fig.6e). To determine whether the cell
cycle distribution was altered after depletion of Ring1 in
Huh7 cells, flow cytometry was performed 48 h after transient
transfection of the Ring1 siRNA#2. Cell cycle analysis
showed a significantly decreased population in the S phase,
whereas an increased population in the G1 phase after trans-
fection of Ring1 siRNA#2 inHuh7 cells, when comparedwith
negative control cells (Fig. 6f). These results indicated that
Ring1 interference retarded cell cycle progression, leading to
impaired proliferation of HCC cells.

Discussion

Hepatocarcinogenesis is associated with complex molecular
events, and the prognosis for HCC patients remains poor be-
cause of the limitation of conventional treatment strategies
[21]. Hence, for clinicians and basic scientists, it is a big chal-
lenge to discover novel molecular markers correlated with the
prognosis of HCC and develop more effective anti-neoplastic
therapies, such as molecular-targeted drugs and cancer vac-
cines or antibodies [22, 23]. In the current study, we detected
the expression of Ring1 protein in HCC tissue specimens and
found differential expression of this protein in HCC and nor-
mal liver tissues. We also found that high expression of Ring1
protein was significantly associated with poor patient survival
compared to that of the patients with low expression. We

Fig. 4 Kaplan–Meier survival curves for low versus high Ring1
expression in 98 patients with HCC. Based on the median Ring1
percentages, patients were divided into two groups: high Ring1
expressers (57 %) and low Ring1 expressers (43 %). Low versus high
Ring1 expression in 98 patients of HCC showed a highly significant
separation (P<0.001, log-rank test)

Table 3 Contribution of various potential prognostic factors to survival by Cox regression analysis in HCC speciments

Parameters Relative ratio 95 % confidence interval P value

Age (years) 1.202 0.616–2.345 0.589

Gender 0.726 0.377–3.162 0.338

Serum AFP level (ng/ml) 1.173 0.650–2.114 0.596

Cirrhosis 0.656 0.337–1.277 0.215

No. of tumor nodes 1.048 0.508–2.164 0.899

Maximal tumor size (cm) 0.556 0.240–1.286 0.170

Tumor metastasis 1.602 0.620–4.142 0.331

Microvascular invasion 1.061 0.523–2.154 0.869

Histological grade 0.850 0.394–1.831 0.678

Ring1 expression 2.215 1.174–4.181 0.014*

Ki67 expression 4.137 1.459–11.730 0.008*

Statistical analyses were performed using Log-rank test

*P<0.05 was considered significant
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investigated Ring1 expression and its role in HCC, and sig-
nificant correlations were observed between Ring1 expression
and HCC specimen’s histological grade and tumor size. These
findings validated that Ring1 was a novel PcG protein in-
volved in HCC development.

Since their discoveries, the significance of polycomb-
group proteins in cancer biology has attracted intensive re-
search concern [24]. Mounting evidence indicated that PcG
proteins, such as Bmi1, EZH2, and EED, played integral roles
in the development of multiple cancer types through epigenet-
ic modification of target genes [25]. Recent studies have dem-
onstrated that PcG proteins function in multiprotein com-
plexes. Two of the best characterized PcG complexes are
PRC1 and PRC2 [26]. PRC1 is a very large complex of more
than 10 subunits, including the oncoprotein BMI as well as the
other PcG proteins, such as Ring1, HPC, HPH, and SCML
[27]. PRC2 is a smaller complex containing the PcG proteins
EZH2, EED, SUZ12, and the histone binding protein
RbAp46. The PRC2 complex possesses h is tone
methytransferase (HMT) activity, specific for lysine (K) resi-
dues K27 of histone H3, which maybe related with the devel-
opment of carcinomas [28, 29]. Watanabe reported that

deregulation of histone lysine methyltransferases contributed
to oncogenic transformation in human bronchoepithelial cells
[30]. Kondo Y revealed that alterations in histone modifica-
tions were related to gene silencing in hepatocellular carcino-
mas [31]. Recently, member of PRC2 complex, especially of
EZH2, is often reported in various cancers [32]. However, in
spite of the fact that PRC1 subunit Ring1 interacts with mul-
tiple polycomb-group proteins and displays tumorigenic ac-
tivity, little has been done with regard to the role of Ring1 in
HCC development. Our study conceivably demonstrated that
Ring1 was an oncoprotein implicated in the development of
HCC. In addition, upregulated expression of Ring1 contribut-
ed to aberrant growth of HCC. These data are consistent with
several previous reports indicating that Bmi1 played a crucial
role in HCC progression. Given the fact that PRC1 complex
plays a facilitating role in transformation and tumorigenesis in
multiple cancers, we speculated that increased expression of
PRC1 subunits might promote hyperactivation of PRC1 com-
plex, leading to consequent cell transformation and HCC
development.

Recently, Ring1 expression had been reportedly implicated
in the development of various cancer types, including prostate

Fig. 5 Expression of Ring1 in proliferating HCC cells. Flow-cytometry
quantitation of cell cycle progress in Huh7 cells (a). Cells were
synchronized at G1 after serum starvation for 72 h, then progressed into
cell cycle by addingmedium containing 10% FBS for the indicated times
(R4 h, R8 h, R12 h, R24 h). Mean±SD of 3 independent experiments.
Huh7 cells were synchronized by serum starvation for 72 h and upon

serum releasing, and cell lysates were prepared and analyzed by
Western blot using antibodies directed against Ring1, PCNA, and
cyclin D1 (b). GAPDH was used as a control for protein load and
integrity. The bar chart below demonstrates the ratio of Ring1, cyclin
D1, and PCNA protein to GAPDH by densitometry (c). S serum
starvation, R serum release

9586 Tumor Biol. (2015) 36:9579–9588



cancer, breast cancer non-small-cell lung cancer, and bladder
cancer [33]. However, the molecular mechanism underlying the
oncogenic property of Ring1 remains largely elusive. In this
regard, early studies suggested that overexpression of Ring1
led to elevated expression of immediate early genes, including
c-jun and c-fos, which is accompanied with cell transformation
and in vivo tumorigenesis of NIH 3 T3 cells [9]. Recently,

through gene-targeting approaches, it was found that Ring1
was essential for the maintenance of stem cell identity, and
knockout of Ring1 significantly reduced the proliferation of
mesenchymal stem cells [25, 34]. Our study suggested that
Ring1 promoted the proliferation of HCC cells, whereas inter-
ference of Ring1 led to significant reduction of Cyclin D1 and
PCNA expression, as well as proliferative impairment in HCC

Fig. 6 Ring1 knockdown
suppress cellular proliferation and
inhibit cell cycle progress.
Western blot analysis showed that
siRNA treatment of Ring1 in
Huh7 cells (a). The expression
level of the cells transfected by
siRNA#2 displayed a more
significant decrease. After siRNA
transfection, accompanied with
the decrease of Ring1 expression
in Huh7 cells, the level of cyclin
D1 and PCNA diminished (b).
The bar chart below
demonstrates the ratio of Ring1,
PCNA, and cyclin D1 protein to
GAPDH by densitometry (c). The
data are mean±SEM. CCK-8
assay showed that Ring1
knockdown inhibited
proliferation progress of Huh 7
cells (d). Cell Counting Kit-8
reagents were added to the
medium and incubated for
additional 2 h. Absorbance was
measured at each indicated time
(0, 1, 2, and 3 days). Each time
point was derived from three
independent experiments.
Silencing endogenous Ring1
inhibits cell growth as determined
by colony formation assay (e).
Ring1 knockdown resulted in a
decrease of S transition of Huh7
cells, whereas an increased
population in the G1 phase (f).
The data are showed asmean±SD
for three experiments
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cells. The findings implicated that Ring1 may regulate the ex-
pression of multiple cell cycle regulators and resultantly play a
key role in the regulation of cell proliferation.

In summary, we reported for the first time that high expres-
sion of PcG protein Ring1 correlates with unfavorable progno-
sis and shorter survival rate in HCC. Elevated Ring1 expression
may be associated with aberrant proliferation of HCC cells.
Ring1 can be used potentially as a therapeutic target, which
would represent a major target point in the treatment of HCC.
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