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Abstract. Breast cancer is one of the malignant tumors 
with the highest mortality rate. With the development of 
precise treatment technology for cancer, numerous molecular 
targets have been identified and applied in the treatment of 
diseases. The present study investigated the potential role of 
ring finger protein 8 (RNF8) in TP53‑mutant breast cancer 
and explored its possible mechanisms of action through a 
combination of bioinformatics techniques and cell biology. 
The results revealed that significantly different genes were 
expressed in RNF8‑knockout mice sequencing data compared 
with in the control group in the presence ofTP53 mutations. 
Downregulated genes were significantly enriched in several 
pathways of cell proliferation and apoptosis regulation, 
development and transcription regulation, while upregulated 
genes were mainly enriched in immune response‑associated 
signaling pathways. Therefore, the consensus genes of the 
major signaling pathways were further analyzed, revealing 
that among patients with TP53 wild‑type breast cancer, the 
prognosis of patients with low expression levels of fibroblast 
growth factor receptor 1, LIM homeobox 2 and EPH receptor 
B2 was improved compared with that of patients with high 
expression levels, while among patients with TP53‑mutant 
breast cancer, there was no significant difference in survival 
status. In addition, among patients with TP53‑mutant breast 
cancer, the prognosis of patients with high BR serine/threonine 

kinase 1 expression was significantly improved compared 
with that in patients with low expression. Finally, cell biology 
experiments demonstrated that in TP53‑mutant breast 
cancer cells (HCC1937), inhibition of RNF8 significantly 
inhibited the proliferation of TP53‑mutant HCC1937 cells and 
promoted their apoptosis. The present findings may enrich the 
understanding of the role of RNF8 and indicated that RNF8 
may be used as a potential molecular target in TP53‑mutant 
breast cancer, which may lead to the development of clinical 
treatment strategies.

Introduction

Breast cancer is one of the most common types of cancer in 
the world. Breast cancer cases in the world have continued to 
increase from 2005, with 12% of women expected to develop 
this disease in their lifetime (1). Ongoing research on breast 
cancer is trying to improve its treatment to assist in dealing 
with the issue (2).

Ring finger protein 8 (RNF8) is a gene in the human body 
that encodes the E3 ubiquitin‑protein ligase RNF8 enzyme (3). 
It is involved in various activities of the body associated with 
immune system functions and DNA repair  (4,5). Previous 
studies have indicated that RNF8 is a damage‑responsive 
protein that integrates both protein phosphorylation and ubiq‑
uitylation, serving an essential role in disease treatment (6,7). 
Additionally, depletion of RNF8 in the body can lead to cell 
cycle arrest and inhibition of cell proliferation (8). 

The vital role of RNF8 in diseases is evident in the treat‑
ment of various types of cancer (9). It was reported that RNF8 
can act as a co‑activator to promote cell proliferation of 
estrogen receptor (ER)α‑positive breast cancer via post‑tran‑
scriptional signaling pathways  (8). Furthermore, RNF8 
was reported to promote epithelial‑mesenchymal transition 
of breast cancer cells and facilitate the metastasis of breast 
cancer cells in vivo (10). By contrast, another study demon‑
strated that mice with RNF8 deficiency have an increased 
risk of mammary tumorigenesis, since RNF8 can regulate 
Notch signaling by ubiquitylating the active NOTCH1 protein, 
leading to its degradation  (7), while abnormal activation 
of Notch signaling would promote the risk of breast cancer. 
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Additionally, Gao et al (11) revealed that RNF8 can negatively 
regulate the activation of NF‑κB, of which excess activation 
can lead to cancer. Therefore, there are controversial roles of 
RNF8 in tumorigenesis, and the function of RNF8 in breast 
cancer remains unclear.

In the present study, a series of bioinformatic approaches 
were used to analyze breast cancer sequencing data to explore the 
underlying mechanism of RNF8 in breast cancer. Subsequently, 
further experiments were performed to verify the bioinformatic 
results. The present study suggested that breast cancer progres‑
sion may be closely associated with RNF8 expression 

Materials and methods

Bioinformatics analysis. RNA sequencing data from 
TP53‑mutant mammary tumor cells was downloaded from 
the GSE76075 dataset containing mRNA sequencing data 
for two independent mouse TP53‑mutant breast cancer cell 
lines (RNF8‑/‑ and RNF8‑wild‑type)  (12) from the Gene 
Expression Omnibus (GEO) database (https://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE76075). The gene names 
and gene count files were obtained, and the GFOLD values 
of each gene were calculated using the open source GFOLD 
software v1.1.4 (13). A total of 500 differentially expressed 
genes with the largest (upward) and minimum (downward) 
GFOLD values were selected, and Gene Ontology (GO) 
enrichment analysis was performed on these genes using 
the Database for Annotation, Visualization and Integrated 
Discovery (DAVID; https://david.ncifcrf.gov/). Furthermore, 
the GO enrichment results of each group were clustered using 
the GOSemSim v3.11 R package (http://www.bioconductor.
org/packages/release/bioc/html/GOSemSim.html) (14), and 
the clustering results between the groups were visualized 
using the ggtree v3.11 R package (http://www.bioconductor.
org /packages/release/bioc/html /gg t ree.html)   (15). 
Subsequently, survival analysis of key genes was performed 
using Kaplan‑Meier (KM) Plotter (http://kmplot.com/analysis/) 
with the log‑rank test.

Cell culture. The HCC1937 cell line was purchased from 
the China Infrastructure of Cell Line Resources (Institute 
of Basic Medical Sciences; Chinese Academy of Sciences). 
The HCC1937 cell line was selected due to its TP53‑negative 
status, which can eliminate the uncertainty derived from TP53 
mutations. Using the HCC1937 cell line helps to maintain 
consistency between human and mouse cell models. The cells 
were cultured in the RPMI 1640 (Thermo Fisher Scientific, 
Inc.) medium containing 10% FBS (Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C in the presence of 5% CO2. 

Cell transfection. According to the sequence of the RNF8 gene, 
three small interfering (si)RNAs (Table I) with different target 
sequences of RNF8 were synthesized by Shanghai Shenggong 
Biology Engineering Technology Service, Ltd., to decrease the 
expression levels of the RNF8 gene in the TP53‑mutant HCC1937 
cells. Untreated cells were used as negative control 1.A non‑specific 
scrambled siRNA (50 nM) was used as negative control 2 and 
specific siRNAs (siRNA1, siRNA2 and siRNA3; 50 nM), as 
well as a siRNA mix (consisting of all three specific siRNAs) 
against RNF8 were directly transfected into HCC1937 cells using 

Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. Transfected cells were 
cultured at 37˚C in the presence of 5% CO2 for 48 h, after which 
subsequent experiments were performed.

RNA isolation, reverse transcription‑quantitative (RT‑q)PCR 
assay and western blot analysis. Total RNA from cells was 
extracted using the MiniBEST Universal RNA Extraction kit 
(Takara Bio, Inc.), and RT was performed using the PrimeScript 
RT reagent kit (Takara Bio, Inc.) according to the manufac‑
turer's protocol. The resulting cDNA was stored at ‑80˚C until 
further use. For qPCR, the TB Green Fast qPCR mix (Takara 
Bio, Inc.) was used to quantify the expression levels of the 
corresponding genes on the ABI 7500 (Applied Biosystems; 
Thermo Fisher Scientific, Inc.), and the primer sequences of 
the detected genes are shown in Table II. The thermocycling 
conditions comprised an initial denaturation step at 95˚C for 
30 sec, followed by 40 cycles of amplification at 95˚C for 
5 sec and 60˚C for 30 sec. The relative transcript levels were 
quantified using the 2‑ΔΔCq method (16) with GAPDH used as 
an internal control.

For the western blot experiments, cells were harvested 
and collected via centrifugation at 800 x g for 3 min at room 
temperature. Cell proteins were lysed in NP‑40 Lysis‑Buffer 
[150 mM NaCl, 1% NP‑40 and 50 mM Tris (pH 8.0)] and 
analyzed via BCA protein assay (Beyotime Institute of 
Biotechnology). Proteins were denatured by heating for 5 min 
at 85˚C, separated via 12% SDS‑PAGE (50 µg protein/lane) 
and transferred to PVDF membranes. Subsequently, the 
membranes were blocked with 5% BSA (Beyotime Institute of 
Biotechnology) at room temperature for 30 min and incubated 
with anti‑RNF8 (1:1,000; EMD Millipore; cat. no. 09‑813), 
anti‑GAPDH (1:5,000; BIOSS; cat.  no.  bsm‑33033M), 
anti‑EPH receptor B2 (EPHB2; 1:1,000; Sino Biological, Inc.; 
cat. no. 100091‑T08) anti‑LIM homeobox 2 (LHX2; 1:1,000; 
BIOSS; cat. no. bs‑11200R;) and anti‑BR serine/threonine 
kinase 1 (BRSK1; 1:1,000; BIOSS; cat. no. bs‑7905R;) primary 
antibodies at 4˚C overnight. After washing three times with 
PBS‑Tween (0.1% Tween‑20), membranes were incubated 
with HRP‑conjugated goat anti‑rabbit IgG (1:10,000; BIOSS; 
cat. no. bs‑0295G‑HRP) and goat anti‑mouse IgG secondary 
antibodies (1:10,000; BIOSS; cat.  no.  bs‑0368G‑HRP) at 
room temperature for 2 h. ECL luminous solution (Bio‑Rad 
Laboratories, Inc.) was used to detect the bands.

Cell proliferation assay. Cell Counting Kit‑8 (CCK‑8; Takara 
Bio, Inc.) was used to evaluate cell proliferation. Briefly, 

Table I. siRNA target sequences.

siRNAs	 Sequence

siRNA1	 5'‑UGCGGAGUAUGAAUAUGAAUU‑3'
siRNA2	 5'‑GGACAAUUAUGGACAACAAGA‑3'
siRNA3	 5'‑UAAGGAGAAUGCGGAGUAT‑3'
Control	 5'‑GGUAUCGGCUUAUCAGUCCGAGUAATT‑3'

siRNA, small interfering RNA.
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5x102 cells/well were seeded into 96‑well plates and cultured 
in medium containing 10% FBS for 24, 48, 72 or 96 h at 37˚C 
in the presence of 5% CO2. After 2 h of culture with the CCK‑8 
reagent, the cells were analyzed at a wavelength of 450 nm 
using a microplate reader. 

Flow cytometric assay. The pretreated cells were harvested 
by trypsinization and fixed with 70% ethanol at  4˚C 
for 2  h. Subsequently, the cells were stained with 10  µl 
Annexin V‑FITC and 5 µl propidium iodide (both Shanghai 
Yeasen Biotechnology Co., Ltd.) for 1 h at room tempera‑
ture. Finally, cells were analyzed using a FACS instrument 
(FACSCelesta; BD Biosciences) and corresponding data were 
analyzed using the FlowJo v10.6.2 software (FlowJo LLC).

Statistical analysis. All experiments were performed in 
triplicate. GraphPad Prism 8.0 (GraphPad Software Inc.) was 
used for statistical analysis. The data are presented as the 
mean ± SD. The difference between two groups was analyzed 
by unpaired Student's t‑test, while the comparisons among 
>2 groups were performed by one‑way ANOVA followed by 
Bonferroni's multiple comparisons test as the post hoc test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Transcriptome analys is  of  R NF8 ‑ /‑ TP53‑mutant 
cells. To evaluate the signaling pathways affected by 
RNF8‑knockdown in TP53‑mutant breast cancer cells, the 
GSE76075 dataset was downloaded from the GEO database, 
containing mRNA sequencing data for two independent 
mouse TP53‑mutant breast cancer cell lines (RNF8‑/‑ and 
RNF8‑wild‑type). The reads per kilobase of exon per 
million mapped sequence reads (RPKM) values were used 
to quantify the expression intensity of the genes, and the 
GFOLD values were used to evaluate the degree of differ‑
ential gene expression, and a heat map was used to present 
the differential expression between the two cell lines. The 
results revealed that the GFOLD values of most of the genes 
between the two samples had different expression patterns 
(Fig. 1A). In addition, GFOLD values >1 or <‑1 were used 
as the threshold for differential expression. The results 
revealed that there were 2,932 upregulated genes (~12%) 
and 2,255 downregulated genes (~10%) in RNF8‑/‑ cells 
compared with in wild‑type cells (Fig. 1B and C).

Enrichment and clustering. To further analyze the molecular 
mechanism of RNF8 in TP53‑mutant breast cancer, a GO 
enrichment analysis of the top 500 downregulated and 
upregulated genes among the differentially expressed genes 
was performed using DAVID. The GO analysis yielded a 
large number of terms, making it difficult to quickly extract 
effective information; therefore, statistically significant GO 
terms were clustered by semantic similarity analysis. The 
results revealed that in RNF8‑knockout TP53‑mutant breast 
cancer cells, downregulated genes were significantly enriched 
in several pathways involved in cell proliferation and apop‑
tosis regulation, development and transcription regulation, 
while upregulated genes were mainly enriched in immune 
response‑associated pathways (Fig. 2).

Survival analysis based on key genes. A previous study has 
demonstrated that RNF8 is involved in the reproductive 
development of the body (17). Therefore, the present study 
investigated whether RNF8 regulated genes in develop‑
ment‑associated pathways in TP53‑knockout breast cancer 
cells. A statistical analysis of all the genes enriched in the GO 
‘development’ cluster was performed, and genes that appeared 
in >3 GO terms were selected. Finally, a total of 10 genes 
were obtained, namely Myosin Heavy Chain 10, Paired Box 6, 
LHX2, GATA Binding Protein 3, Fibroblast Growth Factor 
Receptor 1 (FGFR1), EPHB2, Sphingosine‑1‑Phosphate 
Receptor 1, Empty Spiracles Homeobox 2, BRSK1 and GDNF 
family receptor α‑2. Subsequently, the association between 
these 10  genes and the prognosis in patients with breast 
cancer was analyzed using KM Plotter (Table III). The results 
revealed that in patients with TP53‑wild‑type breast cancer, 
the prognosis in patients with low expression levels of LHX2 
and EPHB2 was significantly improved compared with that 
in patients with high expression (LHX2, P=0.00045; EPHB2, 
P=0.024; Fig. 3A and B), while the prognosis in patients with 
low expression levels of FGFR1 was significantly decreased 
compared with that in patients with high expression (FGFR1, 
P=0.026; Fig. 3D). In patients with TP53‑mutant breast cancer, 
there was no significant difference in survival status, except for 
the prognosis in patients with high BRSK1 expression, which 
was significantly improved compared with that in patients 
with low expression (P=0.0014; Fig. 3C).

RNF8‑knockdown inhibits cell proliferation and promotes 
apoptosis in human TP53‑mutant breast cancer cells. To 
further elucidate the role of RNF8 in TP53‑mutant breast cancer, 

Table II. Primer sequences of the target genes.

Gene name	 Forward primer	 Reverse primer

RNF8	 5'‑AAGCGACGGCAGCAGAA‑3'	 5'‑AGCACCTTCACCTTCCTCAG‑3'
GAPDH	 5'‑GCACCGTCAAGGCTGAGAAC‑3'	 5'‑TGGTGAAGACGCCAGTGGA‑3'
EPHB2	 5'‑TGAGTGCCCTCAGATGGTCAA‑3'	 5'‑AGGGCAGGGTATCACAGTGAATG‑3'
LHX2	 5'‑GGAAGCATCTACTGCAAGGAAG‑3'	 5'‑GAGGTGATAAACCAAGTCCCG‑3'
BRSK1	 5'‑CGGGAACTTCATCTCCTTGGAC‑3' 	 5'‑ACAGCACACTGTGACTCAGGCT‑3'

RNF8, ring finger protein 8; LHX2, LIM homeobox 2; EPHB2, EPH receptor B2; BRSK1, BR serine/threonine kinase 1.
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RNF8 mRNA and protein expression was knocked down in 
the TP53‑mutant human breast cancer HCC1937 cell line 

using three different siRNAs and a siRNA mix consisting of a; 
three siRNAs (Fig. 4A) In order to achieve the best interfering 

Figure 1. (A) Differentially expressed genes in the GSE76075 dataset. This dataset defines the RNF8‑knockdown and p53‑mutant mouse breast cancer cell 
line as LL3. The x‑axis represents the log10 (WT read count), while the y‑axis represents the log10 (Mutation read count), and each dot represents a gene. Red 
dots represent upregulated genes, while green dots represent downregulated genes and black dots represent non‑differentially expressed genes. (B) Distribution 
of GFOLD values of differentially expressed genes. Blue represents the proportion of genes with a GFOLD value in the range of ‑1 to 1, green represents the 
proportion of genes with a GFOLD value >1 and yellow represents the proportion of genes with a GFOLD value <‑1. (C) Heat map of the expression of the top 
500 genes with the largest or smallest GFOLD values in WT and mutant RNF8 samples. WT, wild‑type; RNF8, ring finger protein 8.
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effect, the siRNA mix was used in subsequent experiments. 
The results demonstrated that RNF8‑knockdown in HCC1937 
cells significantly decreased cell proliferation compared 
with that in control cells (Fig. 4B). Since the aforementioned 
bioinformatics analysis revealed that downregulated genes 
after RNF8‑knockout were mainly enriched in apoptosis‑asso‑
ciated signaling pathways, the effect of RNF8‑knockdown 
in siRNA‑treated HCC1937 cells was compared with that in 
control siRNA‑treated HCC1937 cells using flow cytometry. 
The results demonstrated that apoptosis in HCC1937 cells with 
RNF8‑knockdown was significantly higher compared with that 
in control cells (Fig. 4C). Overall, the present results indicated 
that downregulation of RNF8 expression inhibited proliferation 
and enhanced apoptosis in TP53‑mutant breast cancer cells.

qPCR and western blot analysis of the expression levels of 
LHX2, EPHB2 and BRSK1 in TP53‑mutant human breast 
cancer cells with low RNF8 expression. Since low FGFR1 
expression was associated with a poor prognosis, which 
indicated that it may have a different function compared with 
LHX2 and EPHB2 in breast cancer, FGFR1 was excluded 
from subsequent evaluations. The association between RNF8 
and the three aforementioned genes associated with prognosis, 
LHX2, EPHB2 and BRSK1, was based on sequencing data 
from mouse breast cancer cells. To verify whether knockdown 
of RNF8 in human breast cancer cells also caused a decrease 
in the expression levels of LHX2, EPHB2 and BRSK1, qPCR 
was performed, revealing that the expression levels of EPHB2, 
BRSK1 and LHX2 were significantly downregulated in human 

Table III. Association between 10 differentially expressed genes and the prognosis in patients with breast cancer.

					     Kaplan‑Meier analysis	 Kaplan‑Meier analysis
Gene	 Count	 Frequency, %	 GFOLD	 Rank	 P‑value (TP53‑mutated)	 P‑value (TP53‑wild‑type)

MYH10	 5	 45.45	 ‑6.07418	 196	 0.57000	 0.77000
PAX6	 4	 36.36	 ‑7.30754	 98	 0.17000	 0.84000
LHX2	 4	 36.36	 ‑7.12856	 116	 0.60000	 0.00045
GATA3	 4	 36.36	 ‑4.67309	 372	 0.37000	 0.62000
FGFR1	 4	 36.36	 ‑4.43547	 418	 0.81000	 0.05800
EPHB2	 3	 27.27	 ‑7.27086	 101	 0.49000	 0.02400
S1PR1	 3	 27.27	 ‑7.51289	 82	 0.52000	 0.74000
EMX2	 3	 27.27	 ‑5.30267	 286	 0.86000	 0.51000
BRSK1	 3	 27.27	 ‑6.58582	 153	 0.00140	 0.23000
GDNF	 3	 27.27	 ‑5.50851	 254	 0.61000	 0.66000

MYH10, Myosin Heavy Chain 10; PAX6, Paired Box 6; LHX2, LIM Homeobox 2; GATA3, GATA Binding Protein 3; FGFR1, Fibroblast 
Growth Factor Receptor 1; EPHB2, EPH Receptor B2; S1PR1, Sphingosine‑1‑Phosphate Receptor 1; EMX2, Empty Spiracles Homeobox 2; 
BRSK1, BR serine/threonine kinase 1; GDNF, GDNF family receptor α‑2.

Figure 2. Gene Ontology term clusters of upregulated and downregulated genes in ring finger protein 8‑knockdown/TP53‑mutant breast cancer cells. 
Enrichment P‑values are represented by the red scale. 

https://www.spandidos-publications.com/10.3892/ol.2020.12303
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Figure 3. Kaplan‑Meier curve analysis of overall survival based on Kaplan‑Meier plotter mRNA expression levels of (A) LHX2, (B) EPHB2, (C) BRSK1 
and (D) FGFR1 in patients with breast cancer. HR, hazard ratio; LHX2, LIM homeobox 2; EPHB2, EPH receptor B2; BRSK1, BR serine/threonine kinase 1; 
FGFR1, fibroblast growth factor receptor 1.
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breast cancer HCC1937 cells after treatment with the siRNA 
mix (Fig. 5A). A similar trend was also observed in protein 
expression in RNF8‑silenced cells (Fig. 5B).

Discussion

Previous studies have indicated that TP53 mutations have 
important functions in multiple subtypes of breast cancer, 
such as triple‑negative and HER2+ breast cancer  (18‑20). 
Similarly, some studies have reported that RNF8 is 
associated with the oncogenesis of breast cancer (10,11). For 

example, Kuang et al (10) demonstrated that RNF8 promotes 
epithelial‑mesenchymal transition in breast cancer cells 
(including TP53 wild‑type and mutant cells); however, the 
aforementioned study did not investigate the mechanism 
of RNF8 promoting epithelial‑mesenchymal transition 
in TP53‑mutant breast cancer. Other studies have tried 
to investigate the specific mechanism of RNF8 in breast 
cancer (21,22). For example, it has been reported that RNF8 
cooperates with RNF168 to mediate Forkhead Box M1 
ubiquitination and degradation in breast cancer (21); however, 
the aforementioned study used the MCF7 cell line, which 
is a TP53‑wild‑type breast cancer cell line. In the present 
study, different datasets were used to investigate the role 
of RNF8 in TP53‑mutant breast cancer and to explore the 
specific mechanism of RNF8 promoting TP53‑mutant breast 
cancer through transcriptome sequencing, and verified the 
co‑expression of RNF8, LHX2 and EPHB2 in the HCC1937 
cell line. 

RNF8 is an E3 ubiquitin ligase that acts primarily on 
the DNA damage repair process and can rapidly accumulate 
at the site of DNA damage through Fork Head Associated 
domain‑mediated phosphorylation of Mediator Of DNA 
Damage Checkpoint 1 (22‑24). Numerous proteins associated 
with DNA repair, such as P53 binding protein and BRCA1, can 
accumulate and function through its signal amplification (25). 
Therefore, RNF8 is a key factor that serves an important role 
in telomere protection, maintaining genomic integrity and 
regulating the cell cycle (26).

Figure 4. (A) RNF8 mRNA and protein expression using siRNAs. siRNA1, siRNA2 and siRNA3 are siRNAs targeting different RNF8 sequences, while siRNA 
mix is a mixture of siRNA1, siRNA2 and siRNA3. Control 1 is the untreated group and control 2 is the non‑sense siRNA treatment group. ***P<0.001 and 
****P<0.0001 vs. Control 1. ###P<0.001 and ####P<0.0001 vs. Control 2. Significance was assessed using one‑way ANOVA with Bonferroni's multiple compari‑
sons post‑hoc test. (B) Cell proliferation curves. Control represents the non‑sense siRNA treatment group. *P<0.05 and **P<0.01 vs. control. Significance was 
assessed using an unpaired Student's t‑test. (C) Annexin V‑FITC/PI staining was used to analyze cell apoptosis. ***P<0.001. Significance was assessed using an 
unpaired Student's t‑test. Results are presented as the mean ± SD (n=3). siRNA, small interfering RNA; RNF8, ring finger protein 8; A, absorbance. 

Figure 5. (A) mRNA and (B) protein expression levels of LHX2, EPHB2 and 
BRSK1 in siRNA‑ring finger protein 8 and control siRNA groups. Results 
are presented as the mean ± SD (n=3). **P<0.01; ***P<0.001. Significance 
was assessed using an unpaired Student's t‑test. siRNA, small interfering 
RNA; LHX2, LIM homeobox 2; EPHB2, EPH receptor B2; BRSK1, 
BR serine/threonine kinase 1.

https://www.spandidos-publications.com/10.3892/ol.2020.12303
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A previous study has revealed that the function of RNF8 
is highly dependent on the P53 protein, suggesting that RNF8 
serves a biological role in synergy with P53 (27). However, 
numerous studies have revealed a number of mutations in 
the P53 gene in tumor cells (28,29); therefore, it is increas‑
ingly important to investigate the functional role of RNF8 
under the condition of P53 mutation (27). The present study 
identified the differentially expressed genes in mouse tran‑
scriptome data from the GEO database by comparing the low 
and normal expression levels of RNF8 in the TP53‑mutant 
samples, revealing that downregulated genes were mainly 
enriched in several pathways involved in cell proliferation 
and apoptosis regulation, development and transcription 
regulation. This is consistent with previous studies (28,29), 
indicating that even in the presence of P53 mutations, the 
main function of RNF8 is still focused on the regulation 
of the cell cycle and transcription factors, thus confirming 
that the function of RNF8 is not completely P53‑dependent 
and that TP53 mutations have a relatively small effect on the 
physiological function of RNF8.

The role of RNF8 in tumor development and progres‑
sion exhibits a double‑sided action, resulting in either 
tumor inhibition or promotion. In a mouse model, the 
downregulation or loss of RNF8 results in a significant 
increase of tumor incidence, including the incidence of 
leukemia in tumorigenesis of lymphoma (50%), thymoma 
(38%), mammary carcinoma (13%), skin tumor (13%) and 
sarcoma (13%)  (30). A previous study has revealed that 
the expression levels of P53 are significantly increased in 
RNF8‑knockout mice (12). At the same time, RNF8 has a 
strong inhibitory effect on breast cancer and can downregu‑
late the Notch signaling pathway by deleting the C‑terminal 
of the NOTCH1 intracellular domain (7), thereby limiting 
the spread of mammary luminal progenitors. Data from 
The Cancer Genome Atlas also support a negative asso‑
ciation between RNF8 expression and the Notch signaling 
pathway (7).

However, a previous study has revealed that decreased 
RNF8 expression can significantly improve radiotherapy 
sensitivity in nasopharyngeal cancer, while inhibiting cell 
proliferation and increasing apoptosis (31). In breast cancer 
MCF‑7 cells, overexpression of RNF8 can significantly 
increase epithelial‑mesenchymal transition and it mainly 
promotes phosphorylation of GSK3β, further inhibiting its 
activity (10). In addition, an increase in phosphorylation 
of β‑catenin has been observed in RNF8‑overexpressing 
cells (10). Furthermore, in the treatment of breast cancer 
using tamoxifen to block ERα, tamoxifen exerts anticancer 
effects mainly by blocking the ERα signaling pathway (31), 
but a previous study has revealed that RNF8 can activate 
the ERα signaling pathway and thus promote tumor cell 
proliferation (8). The aforementioned studies did not focus 
on p53 mutations. Therefore, the present study investigated 
the effects of RNF8 in TP53‑mutant breast cancer cells, 
revealing that downregulation of RNF8 expression in a 
cell model with TP53 mutation significantly inhibited the 
proliferation of tumor cells. In addition, the current study 
hypothesized that the tumorigenesis and development of 
breast cancer may be regulated by a sophisticated network, 
and the role of RNF8 in the tumorigenesis of TP53‑mutant 

breast cancer may not be unique. Therefore, future 
studies should further explore RNF8/TP53 and immune 
response‑associated pathways (32).
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