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Objective. To investigate the expression of transient receptor potential (TRP) superfamily genes, especially TRPC7-AS1 in hepatitis
B virus- (HBV-) related hepatocellular carcinoma (HCC). Methods. ,ree cancer samples of HBV-related HCC at phase IV and
matched paracancerous liver tissues were included in the study. Total RNA was extracted, and differential expression of RNA was
screened by high-throughput transcriptome sequencing. ,e expression of TRPC7-AS1 was detected by quantitative real-time
PCR. ,e N6-adenosyl methylation RNA in MHCC97H, HepG2, and HL-7702 was enriched by coimmunoprecipitation with
m6A antibody, and the relative level of N6-adenosyl methylation RNA in TRPC7-AS1was detected. Results.,e expression of TRP
family genes in cancer tissues was higher than that in paracancerous liver tissues, including TRPC7-AS1, TRPC4AP, PKD1P6, and
PKD1P1. Moreover, the expression level of TRPC7-AS1 in MHCC97H and HepG2 was also significantly higher than that in L02, a
normal liver cell. ,e methylation level of N6-adenosine of TRPC7-AS1 was lower in HepG2 cells than that in L02 cells.
Conclusion. TRP superfamily genes, especially TRPC7-AS1, were highly expressed in HBV-related HCC. TRPC7-AS1 could be a
potential therapeutic target or diagnostic marker for HCC.

1. Introduction

Transient receptor potential (TRP) ion channel is a trans-
membrane protein, which plays key roles in mechanical
injury, pain, temperature perception, and osmotic pressure
perception by changing cell membrane potential or intra-
cellular calcium concentration [1–4]. According to homol-
ogy, the TRP ion channel family genes in mammals can be
divided into six subgroups: TRP canonical (TRPC), TRP
vanilloid (TRPV), TRP melastatin (TRPV), TRP ankyrin
(TRPA), TRP mucolipin (TRPML), and TRP polycrystalline
(TRPP). Among them, the first four subgroups belong to one
class, and the latter two subgroups are classified as one group
[5]. It has been reported that the dysfunction of the TRP ion
channel (TRPV4, TRPV1, TRPM4, and TRPM) is consid-
ered to be related to obesity or diabetes, and these disorders

are related to appetite, insulin secretion, and autoimmune
response [6–10].

,e downstream of the TRP ion channel family has a
function in cell proliferation and is also considered to be
related to cancer development (ref). TRPC6 was reported to
be upregulated in glioblastoma, while TRPV2 was highly
expressed in ovarian cancer [11, 12]. However, the in-
volvement of TRP family genes in hepatocellular carcinoma
(HCC) is still rarely reported.

In this study, the paracancerous tissues and the corre-
sponding cancer tissues of three patients with stage IV
hepatitis B virus- (HBV-) related HCCwere taken as samples
for high-throughput transcriptome sequencing. ,e ex-
pression levels of TRP family genes were analyzed, especially
TRPC7-AS1. Additionally, the level of N6 adenosine
methylation in HCC was also detected. ,is study would
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provide a potential therapeutic target or diagnostic marker
for HBV-related HCC.

2. Materials and Methods

2.1. Patients. ,e paracancerous tissues and corresponding
cancer tissues of three patients with phase IV HBV-related
HCC were provided by Hepatobiliary Surgery, Cancer
Hospital Affiliated to Guangxi Medical University. HepG2
cells (SCSP-510), HL-7702 cells (GNHu 6), and MHCC97H
cells (SCSP-528) were provided by Cell Bank of Chinese
Academy of Sciences (Shanghai, China). ,e study was
approved by the Ethics Committee of Guangxi Medical
University Cancer Hospital.

2.2.High-0roughputSequencing. ,eparacancerous tissues
and corresponding cancer tissues of three patients with stage
IV HBV-related HCC were frozen, and the high-throughput
sequencing was conducted by Shanghai Sangon Biotech-
nology Co., Ltd. (Shanghai, China) as previously described
(ref).

2.3. Fluorescence Quantitative PCR. HepG2 cells, HL-7702
cells, andMHCC97H cells were cultured in DMEM supplied
with 10% FBS (,ermoFisher, Massachusetts, USA). All cells
were purchased from Wuhan Shangen Biotechnology Co.,
Ltd. (Wuhan, China). RNA was extracted from the cells in
logarithmic growth using the ultrapure RNA extraction kit
(CW0581M and CWBIO). After RNA was extracted, cDNA
was synthesized according to the reverse transcription kit
(CW2569M, CWBIO), and PCR reaction was carried out on
the fluorescent quantitative PCR instrument with cDNA as
template. ,e primers were synthesized by Shanghai Sangon
Biotechnology Co., Ltd. (Shanghai, China). ,e primers
included ENST00000514459F: 5′-GCCTCCTCCTTCCA-
TAACG-3′, ENST00000514459R: 5′-CCCACAGCCTA-
GACCCATT-3’; GAPDH F: 5′-TGACTTCAACAGCGAC
ACCCA-3′, and GAPDH R: 5′-TGACTTCAACAGCGA-
CACCCA-3’.

2.4. RNA Coimmunoprecipitation (Co-IP). With RNase in-
hibitors (cat.no), 5×106 cells were lysed in 500 μL lysate, and
the lysate was used as the sample for Co-IP. 100 μL of cell
lysate was used as the input sample and another 100 μL of
cell lysate also used mouse lgG (provided by kit) for Co-IP
experiment to get the IgG sample. Another 100 μL cell lysate
was incubated with m6A antibody (ab15123, Abcam,
Cambridge, UK). ,e total RNA was extracted from the
samples and reversely transcribed in the 50 μL system to
obtain cDNA.,e cDNA was used as template, and TRPC7-
AS1 was used as the index for fluorescence quantitative PCR
detection.

2.5. Statistical Analysis. All the data were presented as mean
and standard deviation and analyzed by one-way ANOVA
followed by the post hoc test by SPSS 19.0, with P< 0.05 as
the significant difference.

3. Results

3.1. Expression Abundance of TRP Family Genes in
HBV-Related HCC. ,e paracancerous tissues (A1, A2, and
A3) and the corresponding cancer tissues (B1, B2, and B3) of
three patients with HBV-related HCC at stage IV were used
as samples for high-throughput sequencing. ,e expression
abundance of TRP family genes in the sample is shown in
Figure 1. If TRP ion channel family genes were not detected
in 4 or more samples, those genes are not shown in Figure 1,
i.e., TRPC7 was not detected in 6 samples. ,e expression of
TRP ion channel family genes in cancer tissue was higher
than those in paracancerous tissue, and the expressions of
TRPV6 (in B1 sample), TRPM4 (in B3 sample), TRPC1 (in
B3 sample), and PKD1P1 (in B2 sample) were significantly
upregulated compared with those in paracancerous tissues.

,e expression of TRP channel genes in cancer tissues
was higher than those in paracancerous tissues.

,e results of high-throughput sequencing showed that
TRP ion channel-related genes, such as TRPC7-AS1,
TRPC4AP, PKD1P6, and PKD1P1, were highly expressed in
cancer tissues than those in paracancerous tissues (Table 1).

3.2. Expression Level of TRPC7-AS1 in MHCC97H, HepG2,
and L02 Cell Lines. ,e PCR results of TRPC7-AS1 (tran-
script ID: enst0000514459) in MHCC97H, HepG2, and L02
cells are shown in Figure 2. MHCC97H and HepG2 were
hepatoma cell lines, while L02 was normal cell line. Com-
pared with L02 cells, the expression level of TRPC7-AS1 in
MHCC97H and HepG2 was significantly upregulated.

3.3. 0e level of N6-Adenosyl Methylation (m6A) of TRPC7-
AS1 in MHCC97H, HepG2, and L02 Cells. ,rough Co-IP
with m6A antibody to enrich N6-adenosine methylation
RNA in cells, the expression level of TRPC7-AS1 was de-
tected. Compared with the expression level of TRPC7-AS1 in
total RNA of the same amount of input samples, the relative
level of N6 adenosine methylated in TRPC7-AS1 was ob-
tained (Figure 3, P< 0.05). ,e methylation level of N6
adenosine in TRPC7-AS1was lower in HepG2 cells than that
in L02, but there was no significant difference between
MHCC97H cells and L02 cells.

4. Discussion

In this study, we analyzed the expression abundance of TRP
family genes in three cases of HBV-related HCC at stage IV.
We found that the expression of TRP family genes in cancer
tissues was higher than those in paracancerous tissues. In
addition, we also found that TRP ion channel family genes
(TRPV4, TRPV1, TRPM4, and TRPM5) related to obesity or
diabetes were highly expressed in HBV-related HCC.

Compared with the paracancerous tissues, the high
expression of TRPV4, low expression of TRPV1, and high
expression of TRPM4were found in HCC tissues, but TRPM
5 was not detected in 5 samples. ,e expression trends of
TRPV1 and TRPM4 in the patients with diabetes are similar
to the patients with obesity [6, 8]. TRPV4 has a regulatory
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effect on bodyweight and autoimmune inflammation, but
whether it is positive or negative regulation is controversial
[9, 10]. Diabetes is a risk factor of liver cancer, obesity,
energy metabolism imbalance, and other states, which are
indeed related to liver cancer [13]. ,erefore, it can be
inferred that the imbalance of TRP ion channel family gene
expression is related to HCC.

We also found that the expression of TRP ion channel-
related genes such as TRPC7-AS1, TRPC4AP, PKD1P6, and
PKD1P1 in cancer tissues was higher than those in adjacent
tissues. Among them, the protein encoded by TRPC4AP

gene is believed to be able to interact with TRPC ion channel
and promote calcium release into cells, which is found to be
related to Alzheimer’s disease [14].

TRPC7-AS1, PKD1P6, and PKD1P1 belong to lncRNA.
More than 98% of the regions in human genome are
noncoding regions. lncRNA is a kind of RNA which is
widely transcribed but not translated to produce functional
proteins. In recent years, lncRNA has been gradually found
to play an important role in gene expression regulation [15].
PKD1P6 and PKD1P1 are pseudogenes of PKD1. Pseudo-
gene is presumed to be a gene produced in the process of
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Figure 1: Expression abundance of TRP family genes in HBV-related HCC. Right side is the scale corresponding to the color and value.
TPM, transcripts per million.

Table 1: ,e expression of TRP channel-related genes.

Gene name Position TPM
(A1)

TPM
(A2)

TPM
(A3)

TPM
(B1)

TPM
(B2)

TPM
(B3) Gene description

TRPC7-AS1 5[+]136214048-
136222159 0.00 0.00 0.00 24.65 1.98 6.89 TRPC7 antisense RNA 1

TRPC4AP 20[-]35002404-
35092871 29.08 23.56 18.38 41.96 39.70 59.08 Transient receptor potential cation channel

subfamily C member 4 associated protein

PKD1P6 16[-]15125242-
15154564 14.68 12.48 15.99 17.64 43.34 22.32 Polycystin 1, transient receptor potential channel

interacting pseudogene 6

PKD1P1 16[+]16310341-
16334190 6.01 4.23 5.66 15.63 11.46 5.30

Polycystin 1, transient receptor potential channel
interacting pseudogene 1 (source: HGNC Symbol;

Acc: HGNC:30065)
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tandem doubling, gene mutation, or gene recombination of
the parent gene without effective coding. In recent years,
studies have found that pseudogene often has a regulatory
effect on the parent gene, and the expression of pseudogene
varies significantly in different cells, which may be supposed
as the diagnostic and prognostic markers of cancer [16, 17].
,e expression of TRPC7-AS1 in the antisense chain of the
intron region of TRPC7 gene was selected for further study.
TRPC7 gene itself has not been detected in high-throughput
sequencing of liver cancer samples, which may indicate that
TRPC7-AS1 cannot regulate the expression of TRPC7 gene
in liver cancer. In this study, we found that the expression
level of TRPC7-AS1 in hepatoma cell lines was significantly
higher than that in normal hepatoma cell lines, which was
consistent with the high-throughput sequencing results of
hepatitis B-related hepatoma samples. It was also found that
the methylation level of N6-adenosine in TRPC7-AS1 was
higher in normal hepatocytes than that in hepatoma cells.

N6-adenosyl methylation (m6A) is the most common
type of RNA modification, which is involved in the

regulation of RNA cutting, transport, and degradation. For
lncRNA, the increased m6A level often means poor stability
of the structure [18, 19]. Moreover, the genes such as mettl3
and FTOwhich can regulate m6A have been also reported to
be involved in the occurrence and development of cancer
such as liver cancer [20, 21]. TRPC7-AS1 has a low level of
m6A in hepatoma cells, which is consistent with the high
expression of TRPC7-AS1 in hepatoma tissues and cells. It
can be inferred that regulating the expression of m6A-re-
lated genes can play a role in regulating TRPC7-AS1.

In conclusion, the expression of TRP family genes in
HCC and the correlation between TRPC7-AS1 and HCC can
be concluded by analyzing the experimental results of this
study. In the future, we will select more target genes and
carry out relevant functional experiments to explore the
regulatory mechanism of TRPC7-AS1 in the target genes.
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Figure 2: PCR results of TRPC7-AS1 expression in L02, HepG2,
and MHCC97H cells. Data are presented as mean and standard
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Figure 3: RNA Co-IP test results of the N6-adenosyl methylation
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