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Abstract: Our previous study has demonstrated that RNF43 could regulate the cell cycle in a p53-dependent man-
ner in HCC. In this study, we aimed to access whether RNF43 could interact with cell cycle proteins involved in p53 
pathway, including pRB, Cyclin D1 and MDM2. Totally, 123 paired HCC tissues and corresponding noncancerous 
tissues from HCC patients were included, and the expression of Cyclin D1, pRB and MDM2 was analyzed using 
tissue microarray. Our results showed the expression level of RNF43 in HCC was positively correlated with that of 
MDM2, Cyclin D1 and pRB-S780. There was no significant correlation between the expression of RNF43 and pRB-
S807/S811. Indicating that RNF43 effected cell cycling by regulating the expression of pRB, Cyclin D1 and MDM2 
proteins, and pRB-S780 but not pRB-S807/S811, was participated in RNF43 regulated cell cycling.
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Introduction

Hepatocellular carcinoma (HCC) is among the 
most frequent malignancies worldwide [1]. 
Though therapies have been improved in these 
years, the survival of HCC patients is still poor 
[2]. It is important to understand the biological 
mechanisms of HCC and finally improve the 
treatment for HCC patients.

P53 is a commonly studied tumor suppressor 
protein. The most important role of p53 is the 
response to multiple stresses (such as chromo-
some breakage, oxygen deficiency and cancer-
ous signaling) [3]. P53 exerts its function ma- 
inly by specifically binding to the conserved 
region 5’-RRRCWWGYYY-(separated by 0 to 13 
base pairs)-RRRCWWGYYY-3’ (R represents A 
or G, W represents A or T, Y represents C or T, N 
could be any base), and regulating the tran-
scriptional activities of other genes [4]. As an 
important tumor suppressor, p53 regulates 
various of cancerous related genes which play 
important roles in cellular apoptotic, prolifera-
tion and invasive processes [5]. 

Plenty of researches have demonstrated the 
tumor suppressor role of p53 in the progres-
sion of carcinogenesis. Among the human ge- 
nome, p53 is recognized to be the most likely 
mutated gene in cancers: nearly 50% of the 
cancers bear mutant p53 [6]. It has been 
reported that the mutation of p53 could pro-
mote the cancerous processes such as pro-
proliferation, apoptotic suppression, and cellu-
lar invasion [7]. The association of p53 and 
RNF43 has been demonstrated recently. It has 
been reported that RNF43 could bind to NEDD-
4-like ubiquitin-protein ligase-1 (NEDL1), and 
enhanced the pro-apoptotic activity of cells in  
a p53 dependent manner [8]. Furthermore, 
RNF43 could also interact with nucleoprotein 
(NP), by which it facilitated the ubiquitination of 
p53 and inhibited NP-driven activation of p53 
transcription [9].

In our previous study, we have demonstrated 
that RNF43 acted as an oncogene in HCC and 
involved in the processes of cellular prolifera-
tion, anti-apoptosis, invasion and tumorigene-
sis. Knockdown of RNF43 could enhance the 
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expression of p53 and inhibited the malignant 
phenotype of HCC cells. Protein-protein interac-
tion network demonstrated that p53 was the 
center hub of RNF43 regulated network, indi-
cating RNF43 exerted its function through a 
p53 dependent pathway [10]. In this study, we 
analyzed the expression of p53 pathway pro-
teins involved in cell cycling (including MDM2, 
Cyclin D1 and pRB), and tried to find whether 
RNF43 could regulate the cell cycle with these 
p53 associated proteins.

Material and methods

Patients

Paired HCC tissues and corresponding noncan-
cerous tissues from 123 HCC patients who 

received hepatic resection were enrolled. All of 
these patients received operation in our hospi-
tal between 2007 and 2011. The diagnoses  
of HCC were confirmed by pathology. All the 
patients have provided written informed con-
sent, and the local ethics committee approved 
this study. The general characteristics of the 
patients are shown in Table 1.

Immunohistochemistry

The expression of Cyclin D1, pRB and MDM2 
were detected using immunohistochemistry tis-
sue microarray. Briefly, tissue samples were 
fixed in 10% formalin for 1 to 7 days. Citric acid 
buffer in microwave oven was used for antigen 
retrieval. The primary antibodies used are list-
ed in Table 2. The tissue microarray was then 
incubated with HRP-conjugated secondary an- 
tibody (Invitrogen) at 37°C for 1 hour. Finally, 
the immunoreactivity was visualized with DAB 
(Zhongshan Goldbridge Biotechnology). Slides 
were analyzed on Olympus IX70 microscope. 
Cases that showed detachment from the tissue 
microarray were excluded.

Statistical methods

Statistical analysis was performed using SPSS 
16.0 software (SPSS, Chicago, IL, USA). To eval-
uate the expression association of RNF43 and 
p53 correlated proteins, Pearson’s bivariate 
correlation test was applied. Paired Student’s  
t test was used to compare mean values be- 
tween two groups. Statistical significance was 
accepted if P<0.05. 

Results

Expression levels of RNF43 and p53 related 
cell cycle proteins in HCC

To analyze the expression levels of RNF43 and 
p53 related proteins in HCC tissues, 123 
patients who underwent hepatic resection for 
HCC were enrolled for tissue microarray analy-
sis. Expression intensity was graded according 
to the percentage of the stained cells. For the 
expression of RNF43: 0 (negative), 1+ (≥0% to 
<25%), 2+ (≥25% to <75%), 3+ (≥75%). As the 
expression levels of MDM2, Cyclin D1 and pRB 
were much lower than that of RNF43, the 
grades of the expression levels of these pro-
teins were : 0 (negative), 1+ (≥0% to <5%), 2+ 
(≥5% to <25%), 3+ (≥25%). The results showed 
that RNF43 was over-expressed in HCC tissues 

Table 1. General Characteristics of the HCC 
patients
Clinicopathologic variable Count
Gender
    Male 110
    Female 13
Age (years)
    ≤50 73
    >50 50
Liver cirrhosis
    Absence 54
    Presence 69
Maximal tumor size (cm)
    ≤5 33
    >5 90
Capsular formation
    Absence 119
    Presence 4
Tumor nodule number
    Solitary 88
    Multiple (≥2) 35
Vascular invasion
    Absence 92
    Presence 31
Serum AFP (ng/mL)
    ≤400 67
    >400 56
HBsAg
    Negative 11
    Positive 112
Anti-HCV 
    Negative 123
    Positive 0
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compared with that of the corresponding nor-
mal tissue (P = 1.12*10-9). We also showed the 
expression levels of MDM2 (P = 2.39*10-24) 
and pRB (3.98*10-18 for pRB-S780 and 
4.06*10-10 for pRB-S807/S811) were up-regu-
lated in HCC tissues (Table 3). Representative 
figures were presented in Figure 1. 

Association of the expression levels of RNF43 
and p53 related proteins

Pearson’s bivariate correlation test was applied 
to analyze the association between RNF43 and 
p53 related proteins (Table 4). Our results 
showed that the expression of RNF43 was posi-

As a tumor suppressor, p53 can suppress the 
cellular proliferation and anti-apoptotic pro-
cesses, and facilitates the response to cellular 
and environment stresses to protect the 
genomic integrity [11]. Our previous study dem-
onstrated that RNF43 could regulate the cell 
cycle in a p53-dependent manner [10]. To fur-
ther clarify the involvement of p53 related pro-
teins in RNF43 regulated cell cycling, we ana-
lyzed the expression association of RNF43 and 
p53 related proteins MDM2, Cyclin D1 and 
pRB.

Our results showed that the expression of 
RNF43 was positively correlated with the 
expression of MDM2 (P = 0.003). It has been 
demonstrated that RNF43 could interact with 
nucleoprotein (NP) and decreased the stabili- 
zation of p53 though the MDM2 dependent 
pathway [9]. The binding of MDM2 to p53’s 
N-terminus could suppress the transcriptional 
regulatory activity of p53, and could also facili-
tate its poly-ubiquitination and proteasome-
mediated degradation [12]. Reversely, p53 
could also enhance the transcriptional activity 
of MDM2 by binding to the promoter sequence 
of MDM2 [13], and form an RNF43-p53-MDM2 
negative feedback loop. But whether RNF43 
could regulate the expression level or actively 
of MDM2 directly has not been reported yet.

Cyclins are structurally conserved proteins that 
bind to and induce the activity of Cyclin depen-
dent kinases (Cdks) [14]. The expression levels 
of Cyclins are mainly mediated in an APC/C 
dependent manner [15]. Cyclin D is a number of 
Cyclins that could form complexes with four 
Cdks: CDK2, CKD4, CDK5, and CDK6 [16], 
which plays an important role in cell prolifera-
tion. In this study, we found that the expression 
of RNF43 was positively correlated with that of 
Cyclin D1. The most likely mechanism is that 
RNF43-incduced inhibition of p53 suppressed 
the expression of p21 and then induced the 
activity of Cyclins/CDKs complexes [17]. It has 

Table 2. Primary antibodies used in this study
Proteins Antibodies Dilution Incubate
RNF43 #HPA008079, Sigma-Aldrich 1:200 Over-night
MDM2 #S1357, Epitomics 1:100 Over-night
Cyclin D1 #2978, cell signaling 1:100 Over-night
pRB (S780) #8095-1, Epitomics 1:100 Over-night
pRB (S807/S811) #9308s, cell signaling 1:100 Over-night

Table 3. Expression Level of RNF43 and p53 
related proteins in HCC and corresponding 
normal tissues
Clinicopathologic 
variable

Expression Levels#

0 1+ 2+ 3+ P value
RNF43 <0.001*
    Cancer 5 7 41 42
    Normal 22 19 40 14
MDM2 <0.001*
    Cancer 1 3 3 88
    Normal 23 31 21 20
Cyclin D1 0.342
    Cancer 44 29 7 17
    Normal 55 20 5 17
pRB-S780 <0.001*
    Cancer 15 15 12 51
    Normal 57 18 10 8
pRB-S807/S811 <0.001*
    Cancer 46 18 18 12
    Normal 80 8 5 1
#Expression was graded according to the percentage 
of the stained cells. For the expression of RNF43: 0 
(negative), 1+ (≥0% to <25%), 2+ (≥25% to <75%), 3+ 
(≥75%). For the expression of MDM2, Cyclin D1 and pRB: 
0 (negative), 1+ (≥0% to <5%), 2+ (≥5% to <25%), 3+ 
(≥25%). *P < 0.05. Cases that showed detachment from 
the tissue microarray were excluded. 

tively correlated with the expres-
sion of MDM2 (P = 0.003) Cyclin 
D1 (P = 0.022) and pRB-S780 (P = 
0.008). There was no significant 
correlation between the expres-
sion of RNF43 and that of pRB-
S807/S811 (P = 0.437).

Discussion
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also been demonstrated that p53 could down-
regulate the protein level of Bcl-3. Inhibited 
Bcl-3 suppressed the expression levels of p52 
and NF-κB, and inhibited the binding of p52/
NF-κ complexes to the promoter region of the 
Cyclin D1, and then attenuated the transcrip-
tional activity of Cyclin D1 [18]. Furthermore, 

suppressed p53 could attenuate the transcrip-
tion of miR-365, which could bind to the 3’ 
UTRs of Cyclin D1, thus inducing the expression 
of Cyclin D1 [19, 20]. 

Finally, we found that the expression level of 
pRB was commonly up-regulated, and this up-
regulation was positive associated with the 
overexpression of RNF43. The retinoblastoma 
(RB) has been widely recognized as a tumor 
suppressor gene, which is frequently phosphor-
ylated to lose its activity in many cancers. The 
most important role of Rb is to arrest the prog-
ress of cell cycle at G1 phase. When a cell is 
ready for G1/S transition, CDK/Cyclins com-
plexes phosphorylate Rb to its inactive form 
pRb [21]. S780 and S807/S811 are of the most 
common phosphorylation sites of the RB pro-
tein. It has been demonstrated that Cyclin D/
Cdk4 could specifically phosphorylate the ser-
ine at residue 780 (S780) of RB protein in G1 
phase in a cell cycle-dependent manner [22]. 
Cyclin D/Cdk4 could also phosphorylate S807/
S811. It has been reported that phosphorylat-
ed S807/S811 could facilitate the phosphoryla-
tion of other sites of the RB protein [23]. In this 
study, we have found that the phosphorylation 

Figure 1. Representative images of the expres-
sion levels of p53 related cell cycle proteins in 
HCC and corresponding noncancerous tissues.

Table 4. Correlations between the expression 
of RNF43 and p53 related proteins
Clinicopathologic variable R value P value
RNF43 0.296 0.003*
MDM2
RNF43 0.229 0.022*
Cyclin D1
RNF43 0.263 0.008*
pRB-S780
RNF43 0.079 0.437
pRB-S807/S811
#Expression was graded according to the percentage 
of the stained cells. For the expression of RNF43: 0 
(negative), 1+ (≥0% to <25%), 2+ (≥25% to <75%), 3+ 
(≥75%). For the expression of MDM2, Cyclin D1 and pRB: 
0 (negative), 1+ (≥0% to <5%), 2+ (≥5% to <25%), 3+ 
(≥25%). *P < 0.05. Cases that showed detachment from 
the tissue microarray were excluded. 



RNF43 with p53 pathway

14999	 Int J Clin Exp Pathol 2015;8(11):14995-15000

of S780 but not S807/S811 was associated 
with RNF43 expression.

In conclusion, our study exhibited the expres-
sion patterns and correlation of RNF43 and 
p53 pathway proteins involved in cell cycling. 
The most probable mechanism of RNF43-
regulated p53 cell cycling pathway was shown 
in Figure 2. Briefly, RNF43 inhibited p53 in a 
MDM2 dependent or independent manner, and 
then down-regulated the expression of p21. 
Down-regulated p21 induced the activity of 
Cyclin D1 and the phosphorylation of pRB-
S780. These data provide valuable information 
for better understanding of the association of 
RNF43 and p53 in HCC.

Acknowledgements

This study was supported by grants from the 
Zhejiang Provincial Natural Science Foundation 
(LY13H160004), grants from the National Na- 
tural Science Foundation of China (81502012), 
Chinese High Tech Research & Development 
(863) Program (2012AA020204), and National 
S&T Major Project (No. 2012ZX10002017).

Disclosure of conflict of interest

None.

Address correspondence to: Shusen Zheng, Divi- 
sion of Hepatobiliary and Pancreatic Surgery, 
Department of Surgery, The First Affiliated Hospital, 
Key Laboratory of Combined Multi-organ Trans- 
plantation, Ministry of Public Health; Key Laboratory 

of Organ Transplantation, Collaborative Innovation 
Center for Diagnosis and Treatment of Infectious 
Diseases, Zhejiang University School of Medicine, 
Hangzhou, China. Tel: 86-571-87236570; Fax: 
86-571-87236466; E-mail: shusenzheng@zju.edu.
cn

References

[1]	 Siegel R, Ma J, Zou Z and Jemal A. Cancer sta-
tistics, 2014. CA Cancer J Clin 2014; 64: 9-29.

[2]	 Bruix J, Sherman M and American Association 
for the Study of Liver D. Management of hepa-
tocellular carcinoma: an update. Hepatology 
2011; 53: 1020-1022.

[3]	 Feng Z, Hu W, Rajagopal G and Levine AJ. The 
tumor suppressor p53: cancer and aging. Cell 
Cycle 2008; 7: 842-847.

[4]	 Riley T, Sontag E, Chen P and Levine A. 
Transcriptional control of human p53-regulat-
ed genes. Nat Rev Mol Cell Biol 2008; 9: 402-
412.

[5]	 Soussi T and Wiman KG. TP53: an oncogene in 
disguise. Cell Death Differ 2015; 22: 1239-
1249.

[6]	 Malkin D, Li FP, Strong LC, Fraumeni JF Jr, 
Nelson CE, Kim DH, Kassel J, Gryka MA, 
Bischoff FZ, Tainsky MA, et al. Germ line p53 
mutations in a familial syndrome of bre- 
ast cancer, sarcomas, and other neoplasms. 
Science 1990; 250: 1233-1238.

[7]	 Muller PA and Vousden KH. p53 mutations in 
cancer. Nat Cell Biol 2013; 15: 2-8.

[8]	 Shinada K, Tsukiyama T, Sho T, Okumura F, 
Asaka M and Hatakeyama S. RNF43 interacts 
with NEDL1 and regulates p53-mediated tran-
scription. Biochem Biophys Res Commun 
2011; 404: 143-147.

Figure 2. Model of RNF43-regulated p53 cell cycling 
pathway. The arrow indicates positive regulation, and 
perpendicular lines indicate negative regulation.

mailto:shusenzheng@zju.edu.cn
mailto:shusenzheng@zju.edu.cn


RNF43 with p53 pathway

15000	 Int J Clin Exp Pathol 2015;8(11):14995-15000

[9]	 Nailwal H, Sharma S, Mayank AK and Lal SK. 
The nucleoprotein of influenza A virus induces 
p53 signaling and apoptosis via attenuation of 
host ubiquitin ligase RNF43. Cell Death Dis 
2015; 6: e1768.

[10]	 Xing C, Zhou W, Ding S, Xie H, Zhang W, Yang Z, 
Wei B, Chen K, Su R, Cheng J, Zheng S and 
Zhou L. Reversing effect of ring finger protein 
43 inhibition on malignant phenotypes of hu-
man hepatocellular carcinoma. Mol Cancer 
Ther 2013; 12: 94-103.

[11]	 Farnebo M, Bykov VJ and Wiman KG. The p53 
tumor suppressor: a master regulator of di-
verse cellular processes and therapeutic tar-
get in cancer. Biochem Biophys Res Commun 
2010; 396: 85-89.

[12]	 Michael D and Oren M. The p53-Mdm2 mod-
ule and the ubiquitin system. Semin Cancer 
Biol 2003; 13: 49-58.

[13]	 Meng X, Franklin DA, Dong J and Zhang Y. 
MDM2-p53 pathway in hepatocellular carcino-
ma. Cancer Res 2014; 74: 7161-7167.

[14]	 Canavese M, Santo L and Raje N. Cyclin de-
pendent kinases in cancer: potential for thera-
peutic intervention. Cancer Biol Ther 2012; 
13: 451-457.

[15]	 Vodermaier HC. APC/C and SCF: controlling 
each other and the cell cycle. Curr Biol 2004; 
14: R787-796.

[16]	 Musgrove EA, Caldon CE, Barraclough J, Stone 
A and Sutherland RL. Cyclin D as a therapeutic 
target in cancer. Nat Rev Cancer 2011; 11: 
558-572.

[17]	 Datto MB, Li Y, Panus JF, Howe DJ, Xiong Y and 
Wang XF. Transforming growth factor beta in-
duces the cyclin-dependent kinase inhibitor 
p21 through a p53-independent mechanism. 
Proc Natl Acad Sci U S A 1995; 92: 5545-
5549.

[18]	 Rocha S, Martin AM, Meek DW and Perkins 
ND. p53 represses cyclin D1 transcription 
through down regulation of Bcl-3 and inducing 
increased association of the p52 NF-kappaB 
subunit with histone deacetylase 1. Mol Cell 
Biol 2003; 23: 4713-4727.

[19]	 Nie J, Liu L, Zheng W, Chen L, Wu X, Xu Y, Du X 
and Han W. microRNA-365, down-regulated in 
colon cancer, inhibits cell cycle progression 
and promotes apoptosis of colon cancer cells 
by probably targeting Cyclin D1 and Bcl-2. 
Carcinogenesis 2012; 33: 220-225.

[20]	 Guo SL, Ye H, Teng Y, Wang YL, Yang G, Li XB, 
Zhang C, Yang X, Yang ZZ and Yang X. Akt-p53-
miR-365-cyclin D1/cdc25A axis contributes to 
gastric tumorigenesis induced by PTEN defi-
ciency. Nat Commun 2013; 4: 2544.

[21]	 Knudsen ES and Knudsen KE. Retinoblastoma 
tumor suppressor: where cancer meets the 
cell cycle. Exp Biol Med (Maywood) 2006; 231: 
1271-1281.

[22]	 Kitagawa M, Higashi H, Jung HK, Suzuki-
Takahashi I, Ikeda M, Tamai K, Kato J, Segawa 
K, Yoshida E, Nishimura S and Taya Y. The con-
sensus motif for phosphorylation by cyclin D1-
Cdk4 is different from that for phosphorylation 
by cyclin A/E-Cdk2. EMBO J 1996; 15: 7060-
7069.

[23]	 Carr SM, Munro S, Kessler B, Oppermann U 
and La Thangue NB. Interplay between lysine 
methylation and Cdk phosphorylation in growth 
control by the retinoblastoma protein. EMBO J 
2011; 30: 317-327.


