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Abstract. Rnf2 is a fundamental component of the polycomb 
repressive complex 1and acts as the really interesting new 
gene finger E3 ligase, which is responsible for histone 2A 
modification. Previous studies have shown that the ring finger 
protein 2 (Rnf2) is overexpressed in various types of tumor 
and has a close association with tumor development. However, 
few studies have been carried out into the expression and 
biological function of Rnf2 in gastric cancer cells. The present 
study measured the expression of Rnf2 in gastric cancer cells 
and normal epithelial gastric cells. The results demonstrate 
that Rnf2 is upregulated in gastric cancer cells. In addition, the 
knockdown of Rnf2 inhibited the cell viability and induced 
increased G1 phase followed by a substantial reduction of the 
G2/M phase. The expression levels of p21 and p27 were also 
significantly elevated by the knockdown of Rnf2. These results 
provide evidence of the oncogenic function of Rnf2 in gastric 
cancer, possibly through an inhibition of cellular proliferation 
and a delay of the G2/M phase. Therefore, Rnf2 may be a 
novel target for the prognosis and therapy of gastric cancer.

Introduction

Polycomb group (PcG) proteins are epigenetic regulators for 
gene silencing at the transcription level, acting as important 
regulators of DNA repair, proliferation, embryonic differ-
entiation and cell‑fate maintenance during development 
and in adult tissue homeostasis  (1‑3). These proteins exist 
in at least two biochemically and functionally distinct PcG 
core complexes referred to as polycomb repressive complex 
(PRC) 1 and 2. PRC2, which is involved in the initiation of 
gene repression, mediates the trimethylation of histone H3 at 
Lys27 (H3K27me3) and consists of histone methyltransferase 
enhancer of zeste homolog 2 (EZH2), the polycomb repres-
sive complex and embryonic ectoderm development (4,5). The 
mammalian PRC1, which is an ubiquitin E3 ligase complex, 
consists of polycomb (PC), polyhomeotic (PH), BMI1, ring 
finger protein (Rnf) 1A and 2 (Rnf2) (6), among which Rnf2 
has been identified as the catalytic subunit (7).

Rnf2, acts as the RING finger E3 ligase responsible for 
H2A modification in the PRC1 complex and influences early 
development and embryonic stem cell maintenance as well as 
cancer development (8,9). Recent evidence showed that Rnf2 
is highly expressed in various types of tumor in comparison to 
normal tissue counterparts (10). Knockdown of Rnf2 in HeLa 
cells resulted in morphological changes and an inhibition of 
cellularproliferation (7), suggesting an oncogenic function 
of Rnf2. Additionally, it has been reported that Rnf2 can 
either directly or indirectly target a distinct, specific pathway 
involved in cell cycle control (11,12). However, in order to 
acquire a complete understanding of the mechanisms through 
which cancer progression is regulated by Rnf2, additional 
investigation is required.

Normal cell cycle progression is tightly controlled by a 
variety of molecular checkpoints, which supervise the biolog-
ical processes that take place in different phases of the cell 
cycle (13). Progression through the cell cycle is governed by 
a family of cyclin‑dependent kinases (CDKs), whose activity 
is regulated by phosphorylation, cyclin binding, the inhibitor 
of the CDK4 (INK4) family (p16INK4A, p15INK4B, p18 
and p19) and kinase inhibitor protein (KIP) family (p21, p27 
and p57) (14‑16). p21 and p27 are the fundamental members 
of the KIP family and mediate various biological activities, 
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primarily by binding to and inhibiting the kinase activity of 
the CDKs (17).

As a proliferation inhibitor, p21 performs an essential 
role in growth arrest following DNA damage, and overex-
pression of p21 leads to G1 and G2 or S‑phase arrest (18,19). 
PcG proteins can behave as integrators and/or modulators of 
cell cycle checkpoints in dividing cells. In mammals, PRC1 
and PRC2 bind to and repress the INK4a/ARF locus, which 
encodes several proteins involved in cell cycle regulation 
including p14ARF and p16INK4A  (20,21). In melanoma 
cells, EZH2 depletion induced a decrease in the proportion 
of cells in S phase with a concomitant increase of cells in 
the G1 phase as well as an elevated expression of p21 (22), 
indicating that PcG has close associations with p21 in 
 regulating the cell cycle. However, the precise mechanism 
behind this remains unclear. The present study aimed to 
investigate the expression of Rnf2 and further explore its 
effect on cell viability and the cell cycle of gastric cancer 
(GC) cells.

Materials and methods

Cell culture. The human stomach cancer SGC‑7901 cell line 
and normal gastric epithelium GES‑1 cell line were obtained 
from the Central Laboratory of The Affiliated Hospital of 
Qingdao University (Qingdao, China). The cell lines were 
cultured in RPMI 1640 (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, CA, USA) supplemented with 10% fetal 
bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.) and 
1% penicillin/streptomycin under standard culture conditions 
(5% CO2, 37˚C and 95% humidity). Human cell line assays 
were conducted according to IRB regulations at The Affiliated 
Hospital of Qingdao University.

Reverse transcription‑quantitativepolymerase chain reac‑
tion (RT‑qPCR). Total RNA was isolated using the TRIzol 
Reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol. A random‑primed cDNA 
was generated using a Superscript II reverse transcription 
kit (Invitrogen; Thermo Fisher Scientific, Inc.). Triplicate 
reactions of cDNA amplification were performed in SYBR 
Premix Ex Taq (Takara Biotechnology Co. Ltd., Dalian, 
China) and analyzed using a 7900HT Fast Real‑Time PCR 
System (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
Relative expression levels were normalized using GAPDH 
and calculated using the 2‑∆∆Cq method (23). A negative control 
without reverse transcriptase enzyme treatment was used. All 
experiments were repeated 3‑4 times. Primer sequences are 
summarized as follows: p21‑sense, 5'‑CCA​TGT​GGA​CCT​
GTC​ACT​GT‑3' and antisense, 5'‑CGG​CGT​TTG​GAG​TGG​
TAG​AA‑3'; p27‑sense, 5'‑TAA​GGA​AGC​GAC​CTG​CAA​
CC‑3' and antisense, 5'‑TCTGAGGCCAGGCTTCTTG‑3'; 
p16INK4A sense, 5'‑CCG​AAT​AGT​TAC​GGT​CGG​AG‑3' 
and antisense, 5'‑CGG​GTC​GGG​TGA​GAG​TGG‑3'; p14ARF 
sense, 5'‑CTG​TGG​CCC​TCG​TGC​TG‑3' and antisense, 
5'‑CAG​CAG​CTC​CGC​CAC​TC‑3'; Rnf2 sense, 5'‑TTC​AGG​
CCT​CAT​CCC​ACA​CT‑3' and antisense, 5'‑CAG​CAG​CTC​
CGC​CAC​TC‑3'; GAPDH sense, 5'‑TCG​ACA​GTC​AGC​CGC​
ATC​TT‑3' and antisense, 5'‑GAG​TTA​AAA​GCA​GCC​CTG​
GTG​‑3'.

Western blotting assay. SGC‑7901 and GES‑1 cells were 
washed with 1X PBS and pelleted at 600 x g for 5 min at 4˚C 
and then lysed in 2% SDS lysis buffer (2% SDS, 240 mM 
Tris pH 6.8, and 10% glycerol). Proteins extracted from cells 
in log‑phase growth were separated by 10% SDS‑PAGE 
and transferred to polyvinylidene difluoride membranes 
(EMD Millipore, Billerica, MA, USA) using a semidry 
transfer system (Bio‑Rad Laboratories, Inc., Hercules, 
MA, USA). Primary antibodiesdirected against β‑Tubulin 
(#AT809; 1:3,000; Beyotime Institute of Biotechnology, 
Haimen, China), Rnf2 (#5694) p21 (#2946), p27 (#2552) 
(all 1:3,000; all Cell Signaling Technologies, Inc., Danvers, 
MA, USA) were incubated in TBS (pH 7.4) with 0.1% Tween 
20 (TBST) and 5% nonfat milk (Bio‑Rad Laboratories, 
Inc.) with gentle agitation overnight at 4˚C according to the 
manufacturer's protocol. Subsequent to washing 3  times 
with TBST, the membranes were incubated with horseradish 
peroxidase‑conjugated secondary antibodies (#SC‑2357 
and #SC‑516102; 1:10,000; Santa Cruz Biotechnology, 
Inc., Dallas, TX, USA) for 1 h at room temperature. The 
membranes were then washed again in TBST and visualized 
using an enhanced chemiluminescence kit (EMD Millipore). 
β‑tubulinwas used as an internal reference. The experiments 
were repeated 3 times.

Cell counting kit 8 (CCK‑8) assay. Cell proliferation was 
quantified with a CCK‑8 assay (Dojindo Molecular Technolo-
gies, Inc., Kumamoto, Japan). Cells were seeded in 96‑well 
culture plates at a density of 1x104 per well in 100 µl fresh 
RPMI 1640 supplemented with 10% fetal bovine serum (both 
Invitrogen; Thermo Fisher Scientific, Inc.). Subsequent to a 
48 h culture at 37˚C, 10 µl of CCK‑8 were added in each well 
and incubated at 37˚C for 4 h. Absorbance was measured at 
450 nm using a microplate reader (Bio‑Rad Laboratories, Inc.). 
The measurement for each sample was conducted in triplicate 
to certify the accuracy.

Flow cytometric analysis of cell cycle. Cells were seeded in 
6‑well plates at a density of 5x105 cells/well and then transfected 
with Rnf2 small hairpin RNA (shRNA; sequence, CGAAGTC-
TACACAGTGAATTA) using Lipofectamine 3000 following 
the manufacturer's protocol (#L3000015; Thermo Fisher 
Scientific, Inc.) and cultured in RPMI 1640 supplemented 
with 10% fetal bovine serum at 37˚C for 48 h. The cells were 
harvested with trypsin, fixed with 70% ice‑cold ethanol, and 
stained with propidium oxide using a Cell Cycle Analysis kit 
(Beyotime Institute of Biotechnology) according to the manu-
facturer's protocol. Cell cycle distributions were then analyzed 
by FACScan (BD Biosciences, Franklin Lakes, NJ, USA) and 
the percentage of cells in G1, S, and G2/M phase was calcu-
lated and compared. Data represent the mean value derived 
from triplicate experiments.

Statistical analyses. All statistical analyses were carried out 
using SPSSversion 17.0 (SPSS, Inc., Chicago, IL, USA). All of 
the data are presented as the mean ± standard deviation for at 
least 3 independent experiments. The significant differences 
between any of two groups were evaluated by one‑way analysis 
of variance. P<0.05 was considered to indicate a statistically 
significant difference.
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Results

Rnf2 is overexpressed in GC cells. The present study first 
examined Rnf2 expression in GC cells and normal gastric cells 
by RT‑qPCR and western blot analysis. Results demonstrated 
that mRNA and protein levels of Rnf2 were significantly 
higher in GC cells compared with the normal gastric cells 
(P<0.05) (Fig. 1A and B).

Knockdown of Rnf2 inhibits viability and induces G1 cell 
cycle arrest in GC cells. To study the role of Rnf2 in the 
progression of GC cells, the present study then investigated 
the knockdown of Rnf2 in SGC‑7901 and whether Rnf2 
influenced cell survival. RT‑qPCR and western blot analysis 
demonstrated efficient knockdown of Rnf2 following transfec-
tion for 48 h (Fig. 2A and B). Accordingly, the viability of GC 
cells was suppressed upon silencing of Rnf2 (P<0.05; Fig. 2C). 

Figure 1. Expression of Rnf2 between the GC cells and normal epithelial gastric cells. (A) mRNA expression levels of Rnf2 in T is increased compared with N. 
(B) Western blot analysis demonstrates that the protein level of Rnf2 in T is increased compared with N. β‑tubulin was used as a control. *P<0.05. Bars repre-
sent the mean, and error bars represent the standard deviation. Rnf2, ring finger protein 2; GC, gastric cancer; T, GC cells; N, normal epithelial gastric cells.

Figure 2. Knockdown of Rnf2 inhibited the viability of GC cells and induced G1 phase cell cycle arrest. (A) Expression of Rnf2 is significantly downregulated 
following Rnf2 shRNA transfection, as shown by reverse transcription‑quantitative polymerase chain reaction. (B) Western blot analysis demonstrates the 
downregulation of Rnf2 following shRNA transfection. β‑tubulin was used as a control. (C) The CCK‑8 assay demonstrated that the knockdown of Rnf2 
inhibited GC cell viability. (D) Cell cycle distribution of SGC‑7901 following Rnf2 knockdown measured by propidium iodide staining and FACScan. 
*P<0.05 vs. control. Bars represent the mean, and error bars represent the standard deviation. Rnf2, ring finger protein 2; GC, gastric cancer, shRNA, small 
hairpin RNA; KD, knockdown; CCK‑8, cell counting kit‑8.
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Furthermore, knockdown of Rnf2 resulted in cell cycle arrest 
illustrated by increased percentage of cells in G1 phase and 
decreased percentage of cells in G2/M phase (P<0.05; Fig. 2D).

Knockdown of Rnf2 increased the expression of p21 and p27. 
In order to further explore the probable mechanism of Rnf2 
in the GC cells, the expression of p14, p16, p21 and p27 was 
detected by RT‑qPCR and western blot analysis. As is demon-
strated in Fig. 3A and B, there were no significant differences 
between the expression of p14 and p16. By contrast, the mRNA 
and protein levels of p21 and p27 were markedly increased 
in the Rnf2 silenced GC cells in comparison with the control 
cells (P<0.05) (Fig. 3C and D).

Discussion

The present study revealed that expression levels of Rnf2 are 
significantly increased in GC cells compared with their coun-
terpart. Following the knockdown of Rnf2, GC cell viability 
was inhibited. Additionally, downregulation of Rnf2 blocked 
cell cycle progression by arresting cells in the G1 phase, which 
illustrates a unique activity of Rnf2 in the proliferation of GC. 
To further investigate this mechanism, the present study exam-
ined the mRNA expression level of several cell cycle related 

genes. The results demonstrated that Rnf2 knockdown could 
notably induce the upregulation of p21 and p27, but the expres-
sion of p14 and p16 did not show the same tendency. Thus, the 
present study was a preliminary investigation into the function 
of Rnf2 in GC.

A major cause of cancer is through the dysregulation 
of proper transcriptional control, a process that is directly 
regulated by transcription factors, co‑activators and co‑repres-
sors (24). Accumulating evidence indicates that the PC family 
of epigenetic proteins comprises transcriptional repressors that 
are often misregulated in various types of human cancer, and 
the expression level is associated with cancer progression (25), 
indicating that PcG proteins may exhibit oncogenic func-
tions. Studies have identified that EZH2, which functions as 
a histone H3 methyltransferase, is involved in the progression 
of prostate cancer and in neoplastic transformation of breast 
epithelial cells (26,27). Human BMI1 has been identified to 
be overexpressed in colorectal carcinoma  (28), Hodgkin's 
lymphoma and diffuse large B‑cell lymphoma (29). As for 
Rnf2, Sánchez‑Beato et al (10) revealed that Rnf2 expres-
sion is higher in gastric and colonic tumors compared with 
the stomach or colon surface‑epithelial cells. GC‑derived, 
Burkitt's and Hodgkin's lymphoma also exhibited a higher 
level of Rnf2 expression (10). Results from the present study 

Figure 3. Cell cycle gene expression upon Rnf2 knockdown. mRNA expression levels of (A) p14‑ARF and (B) p16‑InK4ado not show significant differences 
between Rnf2 silenced GC cells and control cells. mRNA expression levels of (C) p21 and (D) p27 are significantly elevated in Rnf2 silenced GC cells 
compared with control cells. *P<0.05. Bars represent the mean, and error bars represent the standard deviation. Rnf2, ring finger protein 2; p14‑ARF, alternative 
reading frame protein 14; GC, gastric cancer; p16‑InK4a, protein 16‑cyclin dependent kinase inhibitor 2A; KD, knockdown.
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demonstrate that the expression of Rnf2 is higher in the GC 
cells compared with the normal gastric epithelial cells, which 
is in accordance with a previous study (10).

Rnf2, a core number of the PRC1 complex, is upregulated 
in several types of tumor and performs a critical role in tumor 
proliferation, immortalization and metastasis (30). A recent 
study has shown that the knockdown of Rnf2 significantly 
inhibits cell proliferation and colony formation in the colon 
cancer HCT116 cell line (31). In addition, it was also associ-
ated with induction of apoptosis by regulating MDM2 and p53 
stability (31). Similarly, Su et al (9) reported that Rnf2 is essen-
tial for the proliferation of ovarian and testicular cancer cells 
by functioning as an E3 ligase for p53 degradation. However, 
to the best of our knowledge the role of Rnf2 in the viability 
of GC has not been previously investigated. The current study 
revealed that downregulation of Rnf2 dramatically reduced 
the viability of GC cells. Additionally, downregulation of 
Rnf2 in GC cells induced increased G1 phase followed by a 
substantial reduction of G2/M (Fig. 2D), suggesting that Rnf2 
is of vital important in regulating the growth of GC.

Considering the evidence that cellular proliferation 
is activated by cyclin‑dependent kinases and inhibited in 
response to various stresses by corresponding inhibitors, 
including INK family and KIP family (32), the present study 
supposed that several tumor suppressors maybe involved in 
this process. The proteins p14 and p16 are alternative tran-
script variants of the INK4A‑ARF (CDKN2A in humans) 
gene located on chromosome 9p21 and function as inhibitors 
of cell cycle progression, which possess complementary func-
tion as regulators of two major cell cycle control pathways, 
p53 and pRB, respectively (33,34). The p16/pRB and p14/p53 
cell cycle pathways are activated in the majority of human 
cancers, which suggests the importance of these pathways 
in repressing the process of carcinogenesis  (35). p21 is a 
common element of the two pathways and may serve as a 
bridge between them (36,37).

Previous studies demonstrated that p21 was regulated 
by p53‑dependent and independent pathways  (38). Rnf2 
knockdown cells exhibited increased p21 expression and G1 
phase in colon cancer HCT116 cell lines in an p53‑dependent 
pathway, followed by marked accumulation of these cells at 
sub‑G1 (39). Similar results have also been reported in hepatic 
cancer HepG2 cells (40). Additionally, p21 can act as a master 
effector of multiple tumor suppressor pathways on promoting 
anti‑proliferative activities that are independent of the classical 
p53 tumor suppressor pathway. Subsequent tothe depletion 
of Ezh2 (a main component of PRC2), marked inhibition of 
cellular proliferation, G1 cell cycle arrest and accompanying 
upregulation of key cell‑cycle regulators p16, p21 and p27 
has been identified in lymphoma and tongue cancer (41,42). 
However, the role of these proteins in regulating the GC cell 
proliferation and cell cycle has not previously been investi-
gated. The present study demonstrated for the first time that 
p21 and p27 were elevated following the knockdown of Rnf2, 
while similar results were not shown in the mRNA level of p14 
and p16. The reason of this discrepancy remains unclear and 
requires further exploration.

In conclusion, the present results established that Rnf2 is 
overexpressed in GC cells and contributes to cell viability. 
Furthermore, knockdown of Rnf2 induced G1 phase cell cycle 

arrest and upregulation of p21 and p27. Therefore, the present 
findings may provide novel insights in the molecular mecha-
nisms behind GC and provide new information that may be 
used in the prognosis and therapy of GC.
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