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Abstract. Cisplatin has been used effectively in the treatment 
of hepatocellular carcinoma (HCC). Long noncoding RNAs 
(lncRNAs) were recently reported to contribute to the patho-
genesis and progression of HCC. Their molecular mechanism 
related to cisplatin treatment remains unclear. The purpose 
of this study is to identify specific lncRNAs and to clarify 
their functions in HCC after cisplatin exposure. Reannotation 
and identification of differentially expressed lncRNAs were 
performed using the microarray data set GSE38122 in the 
Gene Expression Omnibus database. Four significantly differ-
entially expressed lncRNAs (RP11‑134G8.8, RP11‑612B6.2, 
RP11‑363E7.4 and RP1‑193H18.2) were identified in HepG2 
cells exposed to cisplatin by bioinformatics methods. The 
upregulated RP11‑134G8.8 and RP11‑363E7.4 and the 
downregulated RP1‑193H18.2 were confirmed by reverse tran-
scription‑quantitative polymerase chain reaction. Furthermore, 
57 significant co‑expressing genes and their corresponding 
pathways were annotated and identified. The p53 signaling 
pathway showed the most significant difference among all 
pathways. Based on these results, the cell cycle and three key 
genes, cyclin‑dependent kinase inhibitor 1A (CDKN1A, also 
known as p21), tumor protein p53 inducible protein 3 (TP53I3) 
and wild‑type p53‑induced phosphatase 1 (Wip1, also known 
as PPM1D), were examined. CDKN1A, TP53I3 and PPM1D 
were all downregulated by RP1‑193H18.2 but upregulated by 

RP11‑134G8.8 and RP11‑363E7.4. And obvious S phase arrest 
was induced by cisplatin treatment for 24 h in HepG2 cells. 
Finally, the immunofluorescence results showed upregulation 
of TP53I3 and Wip1 and downregulation of p21 at the protein 
level. The results suggested that the lncRNAs RP11‑134G8.8, 
RP11‑363E7.4 and RP1‑193H18.2, and their co‑expression 
genes, which annotated into the p53 signaling pathway, could 
be potential targets for cisplatin treatment.

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of 
cancer mortality in the world, and the five‑year survival rate 
is lower than 5% (1). It has an unfavorable prognosis due to its 
spread, metastases and high rate of recurrence (2). Currently, 
treatment with platinum‑based chemotherapy is one the main 
means of drug therapy for HCC. Cisplatin, the first generation 
of platinum drugs, is one of the most active anticancer chemo-
therapeutic drugs (3). As a cell cycle non‑specific drug, it can 
inhibit effectively the proliferation of HCC by the cytotoxic 
effect (4,5). The main targets of cisplatin are DNA, RNA and 
proteins with strong affinity to the nucleus (6). Cisplatin impairs 
DNA replication by producing DNA intra‑strand cross‑links 
and cisplatin‑DNA complexes, or by binding to nuclear and 
cytoplasmic proteins (7,8). Thus, it is primarily considered as 
a DNA‑damaging anticancer drug (5,6). However, the precise 
regulatory mechanisms by which cisplatin induces apoptosis 
and inhibits proliferation are not completely clear.

Recently, accumulating evidences suggested that long 
noncoding RNAs (lncRNAs) have many biological functions, 
such as regulation of transcription, modulation of nuclear 
structure and function, carcinogenesis and cancer progres-
sion  (9‑11). lncRNAs are RNA molecules >200‑bp long 
without protein coding functions (7). lncRNAs, as epigenetic 
regulators, are also associated with chemotherapy sensitivity in 
cancers (8,12). The lnRNA H19 was found to induce multidrug 
resistance 1 (MDR1)‑associated drug resistance in liver cancer 
cells through regulation of MDR1 promoter methylation (13). 
In addition, the lncRNA H19 was markedly upregulated in 
liver cancer, while metastasis associated lung adenocarcinoma 
transcript 1 was upregulated in human and murine HCC, and 
the HOX transcript antisense RNA (HOTAIR) levels increased 
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in human HCC and a liver cancer cell line (14). Therefore, 
lncRNAs may serve as biomarkers for treatment response in 
cancers.

Furthermore, it was suggested that lncRNAs may play an 
important role in regulating gene expression (10). The func-
tions of lncRNAs are mainly carried out by their secondary 
structure; however, this is difficult to decipher (15). Due to 
the considerable challenge of exploring the lncRNAs func-
tions, a co‑expression‑based method has been developed, in 
which lncRNA functions are predicted based on the functions 
of their co‑expressed protein‑coding genes (16). Genes that 
have similar expression patterns under multiple conditions 
tend to be involved in the same pathways. The co‑expressed 
protein‑coding genes are potentially regulated by the corre-
sponding lncRNAs.

Taken together, some lncRNAs would be involved in 
antitumor effects and/or resistance to cisplatin by regulating 
gene expression. In this study, we investigated the differential 
expression of lncRNAs in HepG2 cells at different times of 
cisplatin exposure. Four differentially expressed lncRNAs 
were identified and their co‑expressing genes were obtained. 
The aim of the present study is to identify lncRNAs that 
may be valuable biomarkers of cisplatin‑based functions and 
chemoresponse, and also candidates for therapy targets in 
HCC.

Materials and methods

Cell culture and main reagents. HepG2 (a human HCC cell 
line) was purchased from the Institute of Biochemistry and 
Cell Biology, Chinese Academy of Sciences (Shanghai, China). 
Cells were maintained in RPMI 1640 medium (Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10% 
fetal calf serum (Invitrogen; Thermo Fisher Scientific, Inc.), 
100 U/ml penicillin (Sigma‑Aldrich; Merck Milipore, Darm-
stadt, Germany) and 100 µg/ml streptomycin (Sigma‑Aldrich; 
Merck Milipore) at 37˚C, 5% CO2. The Cell Cycle Detection 
kit was purchased from Beyotime Institute of Biotechnology 
(Suzhou, China). Anti‑p21 [also known as cyclin‑dependent 
kinase inhibitor  1A (CDKN1A)] (bs‑10129R), anti‑tumor 
protein p53 inducible protein  3 (TP53I3) (bs‑6144R) and 
anti‑wild‑type p53‑induced phosphatase  1 (Wip1, also 
known as PPM1D) (bs‑2447R) antibodies were purchased 
from Beijing Biosynthesis Biotechnology Co., Ltd. (Beijing, 
China). The RNeasy Mini kit was purchased from Qiagen 
GmbH (Hilden, Germany), while First‑strand cDNA Synthesis 
kit was purchased from Tiangen Biotech Co., Ltd. (Beijing, 
China). The LightCycler DNA Master SYBR Green  I kit 
was purchased from Roche Diagnostics GmbH (Mannheim, 
Germany).

Microarray data set. Microarray data from the microarray data 
set GSE38122 (http://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE38122) was collected from the Gene Expression 
Omnibus database. This study investigated differential gene 
expression in the messenger RNA (mRNA) content of the 
HepG2 cell line upon 12, 24 and 48 h of exposure to 7 µM 
cisplatin (Sigma‑Aldrich; Merck Milipore) and its solvent. In 
a total of 18 arrays, three biological replicates were performed 
per compound/solvent at three time points. The samples were 

examined with GeneChip® Human Genome U133 Plus 2.0 
(HG‑U133 Plus 2.0) Array from Affymetrix, Inc. (Santa Clara, 
CA, USA).

Reannotation and identification of differentially expressed 
lncRNAs. The probes on the HG‑U133 Plus 2.0 array were 
reannotated for human lncRNAs using noncoding RNA func-
tion annotation server (ncFANs), as showed in its website (15). 
Differentially expressed lncRNAs were identified by the 
fold‑change method (17). The lncRNAs with a fold‑change 
value of >2.0 or <0.5 were considered as differentially 
expressed lncRNAs.

Obtaining co‑expressing genes for each differentially 
expressed lncRNA. To obtain co‑expressing genes for each 
differentially expressed lncRNA, we calculated the Pearson's 
correlation coefficient (PCC) between each differentially 
expressed lncRNA and all the genes across all 18 samples. The 
genes with a strict cut‑off (PCC >0.9 or <‑0.9) were identi-
fied as co‑expressing genes. Then, pathway enrichment was 
implemented to identify the affected pathways of lncRNA 
co‑expressing genes using Database for Annotation, Visual-
ization and Integrated Discovery (DAVID) 6.7 (18).

Confirmation of differentially expressed lncRNAs by reverse 
transcription‑quantitative polymerase chain reaction (qPCR). 
HepG2 cells were harvested at 3, 6, 12 and 24 h after cisplatin 
exposure (7 µM). Total RNA was extracted and purified from 
HepG2 cells by RNeasy Mini kit (Qiagen GmbH). Comple-
mentary DNA was obtained using First‑strand cDNA Synthesis 
kit (Tiangen Biotech Co., Ltd.). qPCR was performed on an 
ABI StepOnePlus Real‑Time PCR System (Applied Biosys-
tems; Thermo Fisher Scientific, Inc.) using the LightCycler 
DNA Master SYBR Green I kit (Roche Diagnostics GmbH). 
The primer pairs were synthesized by Sangon Biotech Co., 
Ltd. (Shanghai, China). The primers used for qPCR had the 
following sequences: ENSG00000224818 sense, 5'‑CTC​
TGG​AGG​GAG​CAA​GGA‑3' and antisense, 5'‑TGG​ACT​CTG​
AGG​GAC​TGG‑3'; ENSG00000256185 sense, 5'‑GGC​ACT​
TTT​CAG​AAC​ATC‑3' and antisense, 5'‑TGT​CGT​GTA​TCA​
CAG​CAT‑3'; ENSG00000260912 sense, 5'‑CGA​CCA​CCT​
ATT​CCA​CTT‑3' and antisense, 5'‑GCC​AGG​AAG​GCT​CAA​
ATC‑3'; and ENSG00000267194 sense, 5'‑AAA​ACC​CAC​
CTC​CAG​CAC‑3' and antisense, 5'‑GCG​GCA​ATC​CGT​AAA​
GAA‑3'. The PCR conditions were as follows: 95˚C for 5 min, 
followed by 30 cycles of 94˚C for 30 sec, 55˚C for 30 sec and 
72˚C for 30 sec, and then 72˚C for 5 min. Fluorescence values 
were collected, using the GADPH RNA expression level as 
internal control. The relative content of mRNA was calculated 
according to the following formula: Fold‑change = 2‑Δ(ΔCq), 
where Cq is the quantification cycle, ΔCq = Cq(target)‑Cq(GAPDH) 

and Δ(ΔCq) = ΔCq(treated)‑ΔCq(untreated).

Cell cycle analysis. Cells were seeded into 6‑well plates at 
1x106 cells/ml for 24 h and divided into two groups: Control 
group (untreated HepG2 cells) and cisplatin treatment HepG2 
group (7 µM). Cells were harvested, washed with PBS twice, 
centrifuged at room temperature (RT) for 10 min at 600 x g, 
resuspended in PBS and fixed in ice‑cold 70% ethanol over-
night at 4˚C. Cells were washed and resuspended with PBS, 
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stained with propidium iodide for 30 min at 37˚C in the dark, 
and then analyzed on a flow cytometer with the Cell Cycle 
Detection kit (Beyotime Institute of Biotechnology). A BD 
FACSAria flow cytometer (BD Biosciences, Franklin Lakes, 
NJ, USA) was used, and the data were analyzed using the 
QuantiCALC software version 1.0 (BD Biosciences).

Immunofluorescence and microscopic analysis. HepG2 cells 
were cultured on circular cover slips and treated with cisplatin 
(7 µM) for 12 and 24 h. Then, cells were washed with Hank's 
solution, fixed with 4% paraformaldehyde solution for 30 min 
at RT, and permeabilized with 0.1% Triton X‑100 (dissolved 
in PBS) for 10  min. Next, cells were washed with PBS 
three times and blocked in 0.1% Triton X‑100 [dissolved in 
PBS with 5% goat serum (Invitrogen; Thermo Fisher Scien-
tific, Inc.)] for 1 h at RT. After blocking, cells were incubated 
with 50 µl anti‑TP53I3 antibody (1:100), anti‑Wip1 antibody 
(1:200) or anti‑p21 antibody (1:100) at 4˚C overnight. Then, 
cells were washed three times with PBS, and incubated with 
Alexa 555‑conjugated secondary antibodies (1:200; A21428; 
Invitrogen; Thermo Fisher Scientific, Inc.) or with Alexa 
488‑conjugated secondary antibodies (1:200; A11008; Invit-
rogen; Thermo Fisher Scientific, Inc.) for 1 h at RT in the dark. 
Immunofluorescent images were examined and analyzed using 
the Olympus FV1000 confocal system (Olympus Corporation, 
Tokyo, Japan). Protein expression levels were determined 
using the mean fluorescence intensity values of the samples 
with the FV10 ASW 1.7 software (Olympus Corporation).

Statistical analysis. The values are expressed as the 
mean ± standard deviation. Statistical analyses were performed 
using analysis of variance and Student's t‑test. P≤0.05 was 
considered to indicate a statistically significant difference. 
All statistical analyses were performed using the SPSS 17.0 
software package (SPSS, Inc., Chicago, IL, USA).

Results

Differentially expressed lncRNA following exposure to 
cisplatin. Using ncFANs, several differentially expressed 
lncRNAs were identified. The increasing numbers of differ-
entially expressed lncRNAs were showed in HepG2 cells 
as the exposure time for cisplatin increased. There were 6, 
26 and 86 differentially expressed lncRNAs identified after 
treatment for 12, 24 and 48 h, respectively. In all these three 
time points, four lncRNAs were differentially expressed. 
They were RP11‑134G8.8, RP11‑612B6.2, RP11‑363E7.4 and 
RP1‑193H18.2 (Fig. 1A). RP11‑134G8.8 and RP11‑363E7.4 
were upregulated after treatment with cisplatin, whereas 
RP11‑612B6.2 and RP1‑193H18.2 were downregulated.

lncRNA‑gene co‑expression network and functional 
enrichment. After calculating the PCC between each 
continuous differentially expressed lncRNAs and all genes, 
significant co‑expressed genes were obtained for these 
differentially expressed lncRNAs. Then, the lncRNA‑gene 
co‑expression network was constructed, in which nodes were 
lncRNAs and genes. lncRNAs and genes were connected if 
they were significantly co‑expressed (Fig. 2A). Some genes 
were found to be co‑expressed with only one lncRNA, 

whereas other genes were co‑expressed with more than 
one lncRNA. Functional annotation of the corresponding 
co‑expressed genes was implemented to explore the potential 
function of these lncRNAs by using the DAVID 6.7 tool. 
The results demonstrated that they were annotated in some 
well‑documented cancer‑related pathways (for example, the 
p53 signaling pathway and the mitogen‑activated protein 
kinase signaling pathway) (Table I). Particularly, some genes 
were co‑expressed with three lncRNAs (red background in 
the center of Fig. 2A) and they were annotated into the p53 
signaling pathway (Fig. 2B).

lncRNA validation. In order to confirm the four predicted 
lncRNAs, qPCR was performed at three time points after 
cisplatin exposure (12, 24 and 48 h). GAPDH served as an 
internal control. The results in Fig. 1B show the standardized 
fold‑changes in lncRNA expression in HepG2 cells incubated 
with cisplatin for different periods of time. After 12, 24 and 
48  h of incubation, cisplatin significantly decreased the 
RP1‑193H18.2 level by 2.75, 2.11 and 2.06‑fold, respectively. 
RP11‑134G8.8 expression increased by 1.77‑2.13‑fold, and the 
RP11‑363E7.4 level was also upregulated by 1.89‑2.94‑fold. 
These trends in lncRNA expression are consistent with the 
microarray results. However, RP11‑612B6.2 lncRNA was not 
amplified (data not shown).

Cell cycle test. To evaluate HepG2 cell proliferation, cell cycle 
was analyzed by flow cytometry. Flow cytometric analysis 
showed that the percentage of cells in the G0/G1 phase was 
significantly lower in HepG2 cells with cisplatin treatment 
for 24 h than in HepG2 cells under normal culture conditions 
(5.46±0.99 vs. 63.62±1.06, P<0.01), whereas the percentage of 

Figure 1. Differentially expressed lncRNAs in HepG2 cells after cisplatin 
treatment. (A) Fold‑change value of four continuous differentially expressed 
lncRNAs at three time points by microarray analysis. (B) Three continuous 
differentially expressed lncRNAs at three time points were detected by 
RT‑qPCR. RT‑qPCR, reverse transcription‑quantitative polymerase chain 
reaction; lncRNA, long noncoding RNA.

  A

  B
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Figure 2. Functional investigation of lncRNAs. (A) lncRNA‑gene co‑expression network. Nodes were lncRNAs (triangles) and genes (circles). lncRNAs and 
genes were connected if they were significantly co‑expressed. Red and blue lines represent positive and negative co‑expressed associations, respectively. 
Different background color represents different pathways where the gene annotated. (B) p53 signaling pathway. Red marks represent the genes that were 
co‑expressed with lncRNAs. lncRNA, long noncoding RNA.

  A

  B
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cells in the S phase was significantly higher in the cisplatin 
treatment group than in untreated HepG2 cells (91.15±4.59 vs. 
29.73±0.95, P<0.01). No significant difference was noted in 
the percentage of cells in the G2/M phase in the two groups 
of cells (3.39±5.48 vs. 6.65±1.42, P>0.05). This result showed 
that cisplatin induced the arrest in the S phase of the cell cycle 
(Fig. 3).

Immunofluorescence staining. To evaluate the co‑expression 
genes of these lncRNAs in HepG2 cells after cisplatin treat-
ment, three genes (TP53I3, CDKN1A and PPM1D) were 
chosen. Immunofluorescence was carried out for their 
proteins: TP53I3, p21 (CDKN1A) and Wip1 (PPM1D). The 
results showed that the expression level of TP53I3 and Wip1 
was upregulated in the cisplatin group compared with that of 
the control group. Inversely, compared with the control group, 

the expression level of p21 was downregulated in the cisplatin 
group (Fig. 4).

Discussion

It has been reported that lncRNAs possess important roles 
in gene regulation, though lncRNAs once were considered 
incapable of encoding proteins (19). Recently, the biological 
functions of lncRNAs have been received increased attention, 
and abnormal expression of some lncRNAs was found in 
HCC (1). However, only a few lncRNAs have been elucidated 
as targets of cancer diagnosis and therapy  (19). Bioinfor-
matics analyses or microarray have been helpful in lncRNAs 
research. In this study, four continuous differentially expressed 
lncRNAs (RP11‑134G8.8, RP11‑612B6.2, RP11‑363E7.4 and 
RP1‑193H18.2) were identified in cisplatin‑treated HepG2 cells 

Figure 4. Effect of cisplatin on Wip1, TP53I3 and p21 expression. (A) Wip1, TP53I3 and p21 expression was observed by immunofluorescence staining. 
(B) Wip1, TP53I3 and p21 expression was quantified by their mean fluorescence intensity values. Control: untreated HepG2 cells. Cisplatin: cisplatin treat-
ment (7 µM) for 12 or 24 h (scale bar=20 µm). The results represent the mean ± standard deviation of the values obtained in three independent experiments. 
Statistical significance was calculated using analysis of variance. *P<0.05, **P<0.01 vs the control group. TP53I3, tumor protein p53 inducible protein 3; Wip1, 
wild‑type p53‑induced phosphatase 1.

Figure 3. Effect of cisplatin on the cell cycle of HepG2 cells. (A) Flow cytometry analysis of the cell cycle. (B) Accumulated percentages of HepG2 cells 
were observed in the S phase after 24 h of cisplatin treatment (7 µM), compared with the control group (untreated HepG2 cells). The results represent 
the mean ± standard deviation of the values obtained in three independent experiments. Statistical significance was calculated using the Student's t‑test. 
*#P<0.01 vs. the control group.
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by analyzing microarray data. Furthermore, RP11‑134G8.8, 
RP11‑363E7.4 and RP1‑193H18.2 were verified by qPCR. 
RP11‑134G8.8 and RP11‑363E7.4 were upregulated, while 
RP1‑193H18.2 was downregulated. To explore the functions 
of the differentially expressed lncRNAs, we obtained and 
identified 57 significant co‑expressing genes and pathways 
where the genes were involved in, such as the p53, ErbB, 
Wnt and gonadotropin‑releasing hormone signaling pathways 
(Table I). Obviously, many co‑expressing genes of the three 
lncRNAs (RP11‑134G8.8, RP11‑363E7.4 and RP1‑193H18.2) 
were involved in the p53 signaling pathway, which showed the 
most significant difference among all pathways. Thus, after 
analyzing all data by bioinformatics, cell cycle was examined, 
and three key genes (CDKN1A, TP53I3 and PPM1D) in the p53 
signaling pathway (20‑23) were verified, which may be useful 
for exploring the deeply regulated mechanism of lncRNAs in 
HepG2 cells with cisplatin treatment.

CDKN1A/p21 is a cyclin‑dependent kinase inhibitor 
involved in carcinogenesis by regulating the cell cycle progres-
sion at different phases (24,25). As a famous downstream target 
of p53, changed expression of CDKN1A was found in various 
cancers and therapeutic processes (26‑29). Fluoroquinolones 
were reported to have the ability to penetrate pancreatic tissue, 
and are usually associated with loss or downregulation of 
the CDK inhibitors p21/p27 as well as with the mutational 
inactivation of p53 (26). Significantly upregulated p21 at both 
the gene and protein levels was found in MCF‑7 cells treated 
with Dillenia suffruticosa root dichloromethane extract, and 
the results suggested that the induction of G0/G1‑phase cell 
cycle arrest in MCF‑7 cells was achieved via the p53/p21 
pathway (21). In human lung adenocarcinoma cells, it was found 
that the upregulation of the lncRNA HOTAIR contributes to 
cisplatin resistance, at least in part, through the regulation of 
p21 expression (30). It seems that protein/gene expression and 
cell cycle arrest are different in different cancers and condi-
tions (17,22‑26). In this study, CDKN1A was negatively regulated 
by RP1‑193H18.2 and positively regulated by RP11‑134G8.8 
and RP11‑363E7.4 at the gene level. The expression of p21 was 
downregulated after cisplatin treatment for 24 h at the protein 
level, contrarily to the upregulated p21 expression reported by 
Qu et al (27). However, it is easy to understand that the loss of 
p21 expression could be the result of apoptosis, which is induced 
by cisplatin. Additionally, there is a big interaction network 
between p21 and other regulatory factors; thus, further research 
on p21 is required.

TP53I3 is also induced by the tumor suppressor p53 and 
is thought to be involved in p53‑mediated cell death (23,31). 
p53‑inducible gene 3 (PIG3) contributes to early cellular response 
to DNA damage and is a precursor of the apoptosis pathway that 
determines the fate of a cell in response to cellular stress (32). 
Our results showed that TP53I3 was negatively regulated by 
RP1‑193H18.2 but positively regulated by RP11‑134G8.8 and 
RP11‑363E7.4 at the gene level, and PIG3 showed upregulated 
expression at the protein level. This could be the cell response 
to cisplatin at early times, trying to regulate the cell homeo-
stasis (33). Indeed, the induction of p53 could also explain these 
results, since the p53 signaling pathway is involved in biological 
changes of HepG2 cells under cisplatin treatment.

As a gene in the p53 signaling pathway, PPM1D performs 
many physiological functions, including cell signaling, 

apoptosis and cell cycle progression  (22,34). The protein 
PPM1D is a member of the protein phosphatase 2C (PP2C) 
family of Ser/Thr protein phosphatases  (32,34). PPM1D is 
a stress‑responsive PP2C phosphatase that plays a key role in 
stress signaling (35). In addition, it was suggested that PPM1D 
is associated with carcinogenesis (36,37). It negatively regulates 
the DNA damage response through the dephosphorylation 
and inactivation of p53, ataxia telangiectasia mutated, p38 and 
checkpoint kinase 1/2 (38). In recent years, PPM1D was consid-
ered as a prognostic marker and potential therapeutic target 
in several cancers (39,40). In this study, RP1‑193H18.2 played 
a negative regulatory role for PPM1D at the gene level, while 
RP11‑134G8.8 and RP11‑363E7.4 were positive factors. As a 
result, upregulated protein levels of PPM1D were observed. This 
could be a response of the cell to the stress induced by cisplatin. 
Furthermore, it was found that PPM1D played an important role 
in promoting cisplatin resistance, and as a novel downstream 
target of Akt, PPM1D mediates its action of conferring cisplatin 
resistance to gynecological cancer cells (41). PPM1D could also 
be induced by p53 to maintain the homeostasis in cells (42). In 
addition, Cao et al reported that PPM1D plays a role in the cell 
cycle via p21 in dogs (43). Our research has identified opposite 
expression tends for p21 and PPM1D within short time of cispl-
atin treatment. However, more experiments must be designed for 
confirming if there is an association between them in humans.

Obvious cell cycle arrest at the S phase was induced by 
cisplatin in this study. These results are different from those 
of a previous report (27), despite the fact that a similar dose 
of cisplatin was used. The only difference is the exposure time 
to cisplatin. We hypothesize that cisplatin may induce S phase 
arrest at only early times when cells are in the state of stress. This 
could be one of direct reactions of cells to the DNA duplicate 
damage induced by cisplatin. The change of cell cycle should be 
explicated for all relative factors.

In summary, the lncRNAs RP11‑134G8.8, RP11‑363E7.4 
and RP1‑193H18.2 were differentially expressed in HepG2 cells 
after cisplatin treatment. These lncRNAs may play an important 
role by regulating the expression of genes that are co‑expressed 
with them. In addition, cell cycle arrest could be induced at the 
S phase when cells were treated with cisplatin for a short time. 
As a classic pathway, the p53 signaling pathway contributes to 
the effect of cisplatin and its induced resistance. Therefore, the 
lncRNAs RP11‑134G8.8, RP11‑363E7.4 and RP1‑193H18.2 and 
their co‑expressed genes, which annotated into the p53 signaling 
pathway, could be potential biomarkers for cisplatin treatment. 
This study will help to understand the lncRNAs functions in 
HepG2 cells under cisplatin treatment.
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