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RING finger protein 135 has an important role in the occurrence of many cancers;
however its regulation and function of RNF135 in hepatocellular carcinoma remains
unknown. The promoter methylation status and mRNA expression of RNF135 was
evaluated by methylation-specific PCR, semi-quantitative RT-PCR, and real-time
quantitative PCR in HCC tissues and cell lines, and further analyzed from The Cancer
Genome Atlas database. Wound healing assay, transwell migration, cell viability, and
colony formation assay were performed to investigate the function of RNF135. GSEA
analysis, TIMER database, and ESTIMATE algorithm were used to decipher the
associated pathway and immune infiltration. The survival analysis was applied to assess
the prognostic value of RNF135. RNF135 expression was downregulated in HCC tissues
and 5 of 8 HCC cell lines, and was negatively correlated with its promoter
hypermethylation. Demethylating regent decitabine restored RNF135 expression on the
cellular level. Knockdown of RNF135 expression enhanced the migration of HCC cells,
while RNF135 overexpression and decitabine treatment repressed cell migration.
Bioinformatics analysis and immunohistochemistry revealed a positive relationship
between RNF135 expression and six immune cell infiltrates (B cells, CD4+ T cells, CD8+

T cells, neutrophils, macrophages, and dendritic cells). Survival analysis disclosed that
RNF135 hypermethylation is independently associated with poor clinical outcomes in
HCC. Decreased RNF135 expression driven by promoter hypermethylation frequently
occurred in HCC and associated with prognosis of HCC. RNF135 functions as a tumor
suppressor and is involved in tumor immune microenvironment in HCC.
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INTRODUCTION

Liver cancer is the sixth most common cancer worldwide with
the fourth highest mortality (1). Hepatocellular carcinoma
(HCC) accounts for up to 90% of primary liver cancer (2).
Currently, given the difficulty in finding micro-hepatoma in the
early-stage (3) and the limited effectiveness of radiotherapy and
chemotherapy (4), about 80% of HCC patients are diagnosed at
advanced stage and lose the chance of radical surgery, which
leads to tumor metastasis and death. Therefore, identifying new
biomarkers is urgent and benefits for the individual therapy (5).

The pathogenesis of HCC is complex and multifactorial. Risk
factors, such as chronic hepatitis virus infection, alcohol, and
aflatoxin, may lead to long-term inflammatory infiltration,
metabolic imbalance, and cellular and molecular changes,
which cause liver cirrhosis and promote HCC formation and
development (6). Over the past few decades, it has become widely
accepted that tumor is the result of aberrant activation of
oncogenes and inactivation of tumor suppressor genes (7). But
more questions about tumor heterogeneity, proliferation,
invasion and metastasis, and the development of drug
resistance remain unanswered by the heritable variation of
genes. Hence, epigenetic modifications are different from
classical genetic changes, which regulate gene expression
without DNA sequence alteration, could be implicated in
cancer (8, 9). DNA methylation is the most widely studied
epigenetic modifications compared to histone modification,
chromosome remodeling, and non-coding RNA (10).

DNA hypomethylation of proto-oncogenes and overall DNA
hypomethylation will increase chromatin instability and leads to
tumorigenesis (11, 12). DNA methylation-based biomarkers
have been identified for diagnosis and prognosis of HCC (13).
Due to reversibility of epigenetics, DNA demethylation drugs
such as decitabine, have been applied in clinic and have
significant clinical benefits in patients with hematologic tumor.
Optimization of drug dosage and mode could harness the
potential of demethylation agents to target solid tumors (14, 15).

RING finger protein 135 (RNF135), located on chromosome
17q11.2, belongs to ring finger protein family-containing E3
ubiquitin ligase. The RNF135 protein consists of RING finger
domain at N-terminal, and SPRY and PRY motifs at C-terminal.
It plays a crucial role in antiviral innate immunity by
ubiquitinating RIG-I to produce interferon-b at the early stage
of viral infection (16). Liu at el found that RNF135 promoted the
proliferation of human glioblastoma cells via the ERK pathway
(17). In contrast, RNF135 inhibited tumorigenesis via regulating
AKT signaling in tongue cancer (18). The expression and
function of RNF135 in HCC have not been reported.
MATERIALS AND METHODS

Cell Lines and Demethylation Treatment
Human HCC cell lines (Bel-7402, HepG2, Huh7, MHCC-97H,
MHCC-97L, SMMC-7721, SNU-387, and SNU-449) and
immortalized normal liver cell line LO2 were purchased from
Frontiers in Oncology | www.frontiersin.org 2
American Type Culture Collection and Cell Resource Center of
Shanghai Institutes. HepG2, Huh7, MHCC-97H, MHCC-97L,
and LO2 were cultured in DMEM medium (Gibco)
supplemented with 10% FBS (BI). Bel-7402, SMMC-7721,
SNU-387, and SNU-449 were cultured in RPMI1640 medium
(Gibco) supplemented with 10% FBS (BI). For demethylation
treatment, HCC cells were treated with 10mMdecitabine (Selleck,
S1200) for 3 days and harvested for the following experiments.

Clinical Samples
A total of 23 primary tumors and paired adjacent non-tumors
tissues were collected from HCC patients diagnosed by at least
two pathologists from the Sun Yat-Sen University Cancer Center
(SYSUCC). These patients did not receive any therapeutic
intervention and have written informed consents before
surgery. This study was approved by the Ethics Committee
of SYSUCC.

Bisulfite Conversion and Methylation-
Specific PCR
Genomic DNA from HCC cell lines and tissues was isolated
using the TIAN-amp Genomic DNA Kit (TIANGEN BIOTECH,
DP304). Genomic DNA was bisulfite-modified using the EZ
DNA Methylation-Gold Kit (Zymo, D5006). Two primer pairs
were designed to identify methylated and unmethylated sites by
performing methylation-specific PCR (MS-PCR) to amplify the
bisulfite-modified DNA. The methylation-specific PCR forward
and reverse primer sequences were 5 ’-ATTCGTTCG
GTTTAATTTCGAC-3’ and 5’-CAAAACCTCCAAACAAT
AACGAC-3’, respectively. The non-methylation-specific PCR
forward and reverse primer sequences were 5 ’-GG
AGATTTGTTTGGTTTAATTTTGAT-3 ’ and 5 ’-ACA
AAACCTCCAAACAATAACAAC-3’, respectively.

Semi-Quantitative RT-PCR and Real-Time
Quantitative PCR
Trizol reagent (Ambion, 15596018) was used to isolate total
RNA. Go Script Reverse Transcription Kit (Promega, USA,
A5001) was used to synthesize cDNA. Semi-quantitative RT-
PCR and real-time quantitative PCR (qPCR) were performed to
detect the expression of RNF135. Reactions were performed in
triplicate, and GAPDH was used as an internal control. The
primers were listed as follow: RNF135-RT Forward, 5’-
TACTGGGAAGTGGACACTAGGAATT-3’,

RNF135-RT Reverse, 5’-CTTGACCATGTGCCATGCA-3’,
GAPDH- RT Forward, 5’-CTCCTCCTGTTCGACAGTCAGC-
3’, and GAPDH-RT Reverse, 5’-CCCAATACGACCAAAT
CCGTT-3’.

Knockdown and Overexpression RNF135
in Cell Lines
Small interference RNA (si-1: 5’-GAGAGACUCUGCA
AGCUAU-3’, si-2: 5’-GGAUCGUAGUGAAACCGAU-3’) and
control sequence (5’-GTTCTCCGAACGTGTCAC-3’) were
purchased from Shanghai Gene Pharma. RNF135 overexpression
plasmid was generated by cloning RNF135 cDNA into pcDNA3.1
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vector. They were transfected into cells using Lipofectamine 3000
(Invitrogen, USA) according to the manufacturer’s protocol.

Western Blotting
Total protein was extracted using RIPA Lysis Buffer (Beyotime,
P0013B) with PMSF (Beyotime, ST506). Protein concentration
was then measured by BCA protein assay kit (Thermo Fisher).
Sample proteins (20 mg) were separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) on 10%
gel and blotted onto the polyvinylidene difluoride (PVDF)
membrane. The membrane was blocked with 5% milk for 1 h
at room temperature (RT), then incubated with primary
antibody at 4°C overnight. Next, the secondary antibody
incubation was applied at RT for 1 h. The blot signals were
visualized by enhanced chemiluminescence. Anti-RNF135
(Invitrogen, PA554457, 1:1,000) and anti-GAPDH (CST5174,
1:5,000) antibodies were used as primary antibodies.

Transwell Migration Assay
Suspended in serum-free medium were 5 × 104 cells which were
seeded onto the upper chamber (Corning), and lower chamber
contained 700 ml of medium with 10% FBS. The chambers were
incubated at 37°C with 5% CO2 for 10 h. After wiping the upper
chamber with cotton swabs, the chamber was fixed with 4%
paraformaldehyde and stained with crystal violet.

Wound Healing Assay
Confluent cell monolayers were scratched with 100 ml pipette tip
vertically and horizontally to create a wound area in all
experimental groups, washed with medium and photographed
to record the initial wound width. Cells were cultured in serum-
free medium for 24 h and imaged the wound to determine the
residual wound width. The wound closure (%) = (initial wound
width − residual wound width)/initial wound width × 100%.

Colony Formation Assay and Cell Viability
Following transfected with siRNA or overexpressing plasmid for
2 days, cells were seeded in 6-well plate with 800 cells in each well
and cultured in a CO2-incubator at 37°C for 2 weeks. Cells were
stained with crystal violet and counted. Approximately 1,000
cells/well were seeded in 96-well plate after transfected with
siRNA or overexpressing plasmid for 2 days. Cell viability was
detected at regular intervals by Cell counting kit (Dojindo)
following the manufacturer’s protocol. After incubating with
10 ml regent for 2 h, the absorbance at 450 nm was detected by
a microplate reader. Also, HCC cells were treated with decitabine
for 3 days and followed experiments.

Immunohistochemistry
Immunohistochemistry was performed on paraffin sections of
normal and HCC tissues using anti-RNF135 antibody, anti-
CD20 antibody, anti-CD8 antibody, anti-CD4 antibody, anti-
CD68 antibody, anti-CD15 antibody, and anti-141 antibody.
Protein expression in the immunohistochemical staining was
quantified according to the immunohistochemical score. The
final score was analyzed by staining intensity score and the
percentage score.
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Gene Enrichment Analysis
We used Rstudio software to develop a program to simulate the
high or low expression of RNF135 by selecting 30 samples
randomly that had the 25% highest or 25% lowest RNF135
expression values and then used this gene set for GSEA.

Estimation of Stromal and Immune Cells in
Malignant Tumor Tissues Using
Expression Data (ESTIMATE)
Tumor purity and the infiltration of stromal/immune cells were
predicted with ESTIMATE algorithm applied to the expression
data downloaded from The Cancer Genome Atlas (TCGA) (19).
The R packages estimate, limma, ggplot2, ggpubr, and ggExtra
were used for graphical visualization of the results.

Databases and Statistical Analysis
Gene expression, DNAmethylation, and clinical information data
from the TCGA were downloaded from UCSC Xena (https://
xenabrowser.net/) and all datasets above were from the same
cohort. GraphPad Prism 7.0 and IBM SPSS 26.0 were applied for
plotting and statistical analysis. Student’s t-test for unpaired,
Spearman’s correlation, Kaplan–Meier survival analysis, and
log-rank test, and Cox regression model were used in this study.
A p-value less than 0.05 is considered statistically significant.
RESULTS

RNF135 Expression is Downregulated
in HCC Tissues
To verify the association between RNF135 expression and
methylation in HCC tissues, we analyzed data from the TCGA.
The methylation level at promoter was evaluated by the average
methylation level of 10 CpG sites around transcription start sites
(Supplementary Figure 1). RNF135 expression was significantly
downregulated (Figure 1A) and hyper-methylated (Figure 1B) in
HCC tissues compared with adjacent non-tumor tissues.
Furthermore, there was a significant negative correlation between
expression and methylation level (r = −0.7107, P <0.0001,
Figure 1C). Correlation analysis between RNF135 methylation
status and clinical characteristics in HCC from the TCGA
revealed that RNF135 methylation status was significantly related
to HBV/HCV infection (P = 0.011) and recurrence/progression (P =
0.018) (Table 1). To validate these results from the TCGA data, we
detected the mRNA expression level of RNF135 in 23 pairs of HCC
tissue samples, and 8 randomly selected samples were analyzed by
MS-PCR. The studies provided consistent evidence that RNF135
was lowly expressed (Figure 1D) and hyper-methylated in most
HCC tissues (Figure 1E). Hence, RNF135 was downregulated in
HCC tissues on account of the promoter hypermethylation. These
results established that RNF135 may act as a potential tumor
suppressor in HCC.

RNF135 is Epigenetically Downregulated
by Promoter Methylation in HCC Cell Lines
The methylation status of RNF135 promoter in HCC cell lines
were analyzed by MS-PCR. Compared with normal liver cell line
January 2022 | Volume 11 | Article 752511
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LO2, the promoter region of RNF135 was hypermethylated in 5
of 8 HCC cell lines (Figure 2A) and its expression was low in
these five cell lines (Figure 2B). Decitabine treatment restored
RNF135 expression in 4 hypermethylated HCC cell lines (SNU-
449, Huh7, MHCC-97H, MHCC-97L) (Figure 2C). These
results showed RNF135 expression was downregulated partially
due to promoter hypermethylation in HCC cell lines, and
demethylation agent could rescue its expression. Further, the
wound healing assay showed decitabine treatment dramatically
Frontiers in Oncology | www.frontiersin.org 4
suppressed the migration distance of cells and the transwell assay
confirmed fewer invasive cells after decitabine treatment
(Figures 2D–F).

Loss of RNF135 Promotes Cell Migration
But Not Cell Proliferation in HCC
To characterize the function of RNF135 as a tumor suppressor in
HCC, we performed GSEA analysis using the TCGA data. We
found differentially expressed genes were enriched in cell
A B

D

E

C

FIGURE 1 | RNF135 expression and methylation levels and analysis of their correlation in HCC tissues. (A) RNF135 mRNA expression data from TCGA were
analyzed. (B) The average methylation level of 10 CpG sites was used to evaluate promoter methylation of RNF135. Promoter methylation levels in HCC tissues
and adjacent non-tumor tissues were analyzed with TCGA data. (C) The correlation between RNF135 mRNA expression and methylation status was analyzed
with TCGA data (Spearman’s correlation r = −0.7017, n = 409, p-value <0.0001) (D) RNF135 mRNA expression was measured by real-time quantitative PCR in
23 pairs of samples from SYSUCC. (E) MS-PCR (M, methylation; U, unmethylation) was used to detect methylation status in 8 pairs of samples from SYSUCC.
January 2022 | Volume 11 | Article 752511
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adhesion molecules (CAMs) (NES = 2.02, FDR = 0.001 P-value =
0.013) and chemokine signaling pathways (NES = 1.97, FDR =
0.001, P-value = 0.030) (Figure 3A). CAMs are often found
involved in migration (20) and chemokines and chemokine
receptors contributes to cancer metastasis (21). Therefore, we
assessed the effect of RNF135 on cell migration by knocking down
RNF135 in SMCC-7721 (high endogenous RNF135 expression)
and overexpressing in SNU449 (low endogenous RNF135
expression) (Figure 3B). The wound healing assay showed loss
of RNF135 in HCC cells dramatically enhanced the migration
distance of cells, whereas overexpression of RNF135 suppressed
the wound healing capability (Figures 3C, D). The transwell assay
further confirmed that there were more invasive cells after
knocking down RNF135, but fewer invasive cells after RNF135
overexpression (Figures 3E, F). We conducted colony formation
and cell viability assay to evaluate the effect of RNF135 on cell
growth and proliferation, and found that neither knockdown nor
overexpression of RNF135 affected cell proliferation and clonal
formation. Taken together, these results proved that RNF135
expression significantly inhibited cell migration of HCC cells and
RNF135 downregulation increased HCC cell migration.

RNF135 is Related to Immune Infiltration
A total of 258 potential substrates of RNF135 from UbiBrowser
(http://ubibrowser.ncpsb.org/ubibrowser/) were analyzed by
Metascape (https://metascape.org). Pathways included negative
regulation of viral release from host cell and defense response to
viruswere recognized (Figure 4A), which is consistentwith the role
of RNF135 in antiviral innate immunity (16). In addition, other
immune system pathways, such as interferon gamma signaling and
Frontiers in Oncology | www.frontiersin.org 5
regulation of cytokine production was also found (Figure 4A),
suggesting that RNF135 may have potential effects on anti-tumor
immune and immune therapy. The negative correlation between
RNF135 expression and tumor mutational burden (TMB)
reinforced our suspicion (r = −0.2411, p <0.001) (Figure 4B).
High TMB was considered as a consequence of exposure to
carcinogens, leading to the production of neoantigens, which was
widely used a predictable biomarker for the response to immune
checkpoint blockade (22, 23). Additionally, RNF135 was positively
correlated with stromal score and immune score (Figure 4C). The
correlation between RNF135 and different types of immune cells
were obtained from TIMER database (https://cistrome.shinyapps.
io/timer/). From the results, we recognized the negative correlation
between RNF135 expression and tumor purity (Cox = 0.377, p =
3.94e−13) and the positive correlation between RNF135 expression
and the infiltration of immune cells, including B cells (Cox = 0.23, p
= 1.64e−05), CD8+ T cell (Cox = 0.216, p = 5.74e−05), CD4+ T cell
(Cox = 0.347, p = 3.63e−11), macrophage (Cox = 0.336, p = 1.94e
−10), neutrophil (Cox = 0.26, p= 9.69e−07), and dendritic cell (Cox
= 0.327, p = 6.25e−10) (Figure 4D). Immunohistochemistry
showed RNF135 expression and six immune cell types (B cell,
CD8+ T cell, CD4+ T cell, macrophage, neutrophil, and dendritic
cell) were high in normal HCC tissues and the expression were low
in tumor tissues (Figures 5A, B).

Methylation Status of RNF135 is an
Independent Predictor of HCC
Patients’ Prognosis
To explore the prognostic value of RNF135 expression and
methylation, we analyzed data of HCC patients from TCGA.
TABLE 1 | The association between RNF135 promoter methylation level and clinical characteristics of patients with HCC from the TCGA.

Low methylation High methylation

Variable n % n % P-value

Sex
Male 129 52.40% 117 47.60% 0.157
Female 53 44.50% 66 55.50%
Age
<60 85 49.10% 88 50.90% 0.791
≥60 97 50.50% 95 49.50%
Family history of cancer
No 109 47.20% 122 52.80% 0.051
Yes 72 58.10% 52 41.90%
HBV/HCV infection
No 115 55.80% 91 44.20% 0.011
Yes 66 42.30% 90 57.70%
Alcohol consumption
No 117 48.50% 124 51.50% 0.435
Yes 64 52.90% 57 47.10%
Tumor stage
I & II 134 49.30% 138 50.70% 0.832
III & IV 46 50.50% 45 49.50%
Vascular invasion
No 123 51.50% 116 48.50% 0.281
Yes 55 45.50% 66 54.50%
Recurrence/Progression
No 64 43.20% 84 56.80% 0.018
Yes 94 56.60% 72 43.40%
January 2022 | Volume 11 | Article
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A

B

C

D

E

F

FIGURE 2 | Correlation between RNF135 methylation and mRNA expression in HCC cell lines. (A) The methylation status in immortalized normal liver cell
line LO2 and HCC cell lines (Bel-7402, HepG2, Huh7, MHCC-97H, MHCC-97L, SMMC-7721, SNU-387, and SNU-449) were measured by MS-PCR (M,
methylation; U, unmethylation). H2O was used as a negative control. (B) The expression levels in cell lines were determined by semi-quantitative RT-PCR, and
H2O was used as a negative control. (C) RNF135 mRNA expression was partially restored after treatment with the demethylation reagent decitabine in 4 HCC
cell lines whose promoter region was hypermethylated. (D–F) Wound healing assay and transwell assay were used to detect cell migration and invasion (up),
and one-way ANOVA was applied between experimental group and control group (down). ****P < 0.0001, ns represents no significance.
Frontiers in Oncology | www.frontiersin.org January 2022 | Volume 11 | Article 7525116
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The clinical features of HCC patients linked to the survival status
are shown in Table S1. Tumor stage was a significant prognostic
factor (P <0.001). Moreover, RNF135 methylation (P = 0.001),
family history of cancer (P = 0.038), and HBV/HCV infection
(P = 0.003) were found to be related to death. Using univariate
Cox regression analysis, RNF135 methylation (HR = 1.960; 95%
Frontiers in Oncology | www.frontiersin.org 7
confidence interval (CI): 1.367–2.810; P <0.001), tumor stage
(HR = 2.375; 95% CI: 1.646–3.426; P <0.001) were associated
with increased risk of HCC death. Unexpectedly, HBV/HCV
infection decreased the mortality risk (HR = 0.541; 95% CI:
0.368–0.795; P = 0.002) (Table S2). Subsequently, multivariate
Cox regression analysis showed that high RNF135 methylation
A

C D

E F

B

FIGURE 3 | The effects of RNF135 expression on cell migration and invasion. (A) RNF135 related pathways in HCC patients were analyzed by GSEA. (B) Knockdown
and overexpression efficiency of RNF135 in cell lines was measured by western blot. (C, D) Wound healing assay was used to detect cell migration (up), and Student’s
t-test for unpaired was applied between experimental group and control group (down). (E, F) Transwell assay was used to evaluate cell invasion (up), and Student’s t-test
for unpaired was applied between experimental group and control group (down). All experiments were repeated three times, and data were expressed as mean ± SD.
* P < 0.05.
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predicted poorer survival of HCC patients (HR = 1.912; 95% CI:
1.322–2.766; P = 0.001) (Table 2). As shown in the Kaplan–
Meier survival curves, patients with high RNF135 expression
(median disease-free survival time (DFS) = 32.850 months) had a
significantly longer DFS than those with lower expression
(median DFS = 25.349 months) (Figure 6A). Low methylation
was associated with better DFS in HCC patients (median DFS:
Frontiers in Oncology | www.frontiersin.org 8
32.857 vs 22.860 months) (Figure 6B). There was also a trend for
longer survival in patients with higher RNF135 mRNA level
(median overall survival time (OS): 43.926 vs 37.845 months)
and low methylation (median OS: 44.959 vs 33.668 months)
(Figures 6C, D). These data suggested that RNF135
hypermethylation was an independent predictor for the poor
prognosis of HCC patients.
A

B

D

C

FIGURE 4 | RNF135 expression associations with immune infiltration in HCC tissues. (A) The enrichment of functions and signaling pathways of the target genes
was conducted by Metascape. (B) The correlation between RNF135 expression and TMB (Spearman’s correlation r = −0.2411, p-value <0.001). (C) ESTIMATE was
used to predict the association between RNF135 expression with the presence of infiltrating stromal/immune cells in tumor tissues: stromal score (quantifies the
presence of stroma in tumor tissue); immune score (that represents the infiltration of immune cells in tumor tissue). (D) The associations between RNF135 expression
with tumor purity and six immune cell types (B cell, CD8+ T cell, CD4+ T cell, macrophage, neutrophil, and dendritic cell) in the tumor microenvironment were
estimated by TIMER.
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DISCUSSION

In the present study, we confirmed RNF135 was frequently
silenced in HCC tissues and cell lines due to promoter
hypermethylation using MS-PCR and RT-PCR. RNF135
expression in cell lines was restored with demethylating
reagent, which proved promoter methylation tend to relate
negatively to its expression. It was in agreement with this
phenomenon of methylation-dependent gene silencing (24,
25). Our functional experiments demonstrated that RNF135
expression could strikingly inhibit HCC cells migration in
vitro, which explained the results of GSEA using HCC
expression data from the TCGA. It has been reported that cell-
Frontiers in Oncology | www.frontiersin.org 9
extracellular matrix adhesion and cell–cell adhesion related to
tumor cell metastasis (26). Chemokines interact with their
receptors to direct cells to specific location, affecting the tumor
microenvironment and survival of malignant cell (27). In
conclusion, RNF135 may act as a tumor suppressor, regulating
HCC cell migration.

It is well established that RNF135 is involved in antiviral
immunity process. During viral infection, RNF135 activate RIG-I
receptor signaling to promote the release of interferon-b (16, 28).
Hepatitis virus infection is the major causative factor for HCC
(29). Our analysis found that hepatitis virus infection in patients
is a protective factor for prognosis. RNF135 expression and
methylation level was associated with hepatitis virus. These
A B

FIGURE 5 | Immunohistochemistry detected the expression of immune cells in HCC samples (A) Expression of RNF135, CD20, CD8, CD4, CD68, CD15, and
CD141 in normal and HCC tissues. (B) Immunohistochemical scores of RNF135, CD20, CD8, CD4, CD68, CD15, and CD141 in normal and HCC tissues. **P ≤ 0.01,
***P ≤ 0.001, ****P ≤ 0.0001.
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findings were consistent with the theory that antiviral immunity
could enhance the anti-tumor effect (30, 31). When patients were
infected by hepatitis virus, RNF135 expression might be
upregulated by decreasing methylation to enhance antiviral
immunity. Such tumor environment is beneficial for immune
cells killing tumor cells. More importantly, we found that
RNF135 was positively correlated with immune infiltration.
Since RNF135 was positively correlated with all six types of
immune cells, it is undeniable that RNF135 is related to anti-
tumor immunity.
Frontiers in Oncology | www.frontiersin.org 10
Previous studies have presented that the combination of DNA
demethylation drugs and immunotherapy may be a potential
therapeutic strategy. Recently, Roulois et al. revealed that low-
dose decitabine treatment induced the expression of interferon-
stimulated genes through activating MDA5/MAVS/IRF7 pathway
in colon cancer cells (31). Similarly, in ovarian cancer cells, 5-
azacytidine and 5-Aza-CdR could trigger cytosolic dsRNA-sensing
and upregulate type I interferon-response genes expression,
reported by Chiappinelli et al. (30). Some studies proposed that
immunegenes could bedirectly regulated byDNAmethylation. Liu
et al. found a crosstalk between DNAmethyltransferase 1 and PD-
L1 in sorafenib resistant HCC cells (32). A phase II clinical trial in
acute myeloid leukemia revealed demethylation agents, like
azacytidine, could upregulate mRNA expression of PD-L1, PD-
L2, PD-1, andCTLA-4 (33).UnderstandinghowDNAmethylation
interacts with immune system might provide insight into
expanding the range of patients suitable for immunotherapy. In
our study, RNF135 was proposed to be the link between DNA
methylation and immunity and had a potential to serve as
biomarker for immunotherapy or therapeutic target.

Since DNA methylation regulates RNF135 expression,
demethylation drugs may enhance immune infiltration by
increasing the expression of RNF135. Immune-hot tumors
response to immunotherapy well (34). High TMB is an emerging
biomarker for immunotherapy (35).The expressionofRNF135was
negatively correlated with TMB, which hinted there are some
patients with low RNF135 expression, low immune infiltration
but high TMB. It may reduce the accuracy of TMB in predicting
response of the patient to immunotherapy. Therefore, combining
A B

C D

FIGURE 6 | Kaplan–Meier survival curve comparing high and low levels of RNF135 expression or methylation in HCC patients from the TCGA. (A) The disease-free
survival curve for HCC patients with high or low expression level of RNF135. (B) The disease-free survival curve for HCC patients with high or low methylation level of
RNF135. (C) The overall survival curve for HCC patients with high or low expression level of RNF135. (D) The overall survival curve for HCC patients with high or low
methylation level of RNF135.
TABLE 2 | Multivariate Cox regression analysis of potential independent
prognostic factors for HCC patients.

Variable HR (95% CI) P-value

Sex
Male 1.000 0.511
Female 0.876 (0.590–1.300)
Age
<60 1.000 0.507
≥60 1.136 (0.779–1.657)
HBV/HCV infection
No 1.000 0.021
Yes 0.619 (0.412–0.93)
Tumor stage
I & II 1.000 0.001
III & IV 1.951 (1.323–2.887)
Methylation
Low 1.000 0.001
High 1.912 (1.322–2.766)
Bold values represent significant differences.
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TMB and RNF135 expression may be a useful biomarker in HCC
patient selection for immune checkpoint inhibitor. However, our
findings are based on only bioinformatics analysis, and further
experimental verification is needed. Based on the relationship with
immune infiltration and the function of RNF135 in regulating cell
migration, we identified RNF135 as a prognostic factor for clinical
application. Lowmethylation of RNF135promoter (responsible for
high expression) predicted better disease-free survival and overall
survival in HCC patients.

In conclusion,we demonstrated that RNF135was epigenetically
silenced in HCC and served as a tumor suppressor in HCC
development. Hypermethylation of RNF135 was associated with
poor survival in HCC patients. RNF135 may serve as a bridge
between DNA methylation and immune system to establish
precision medicine for guiding drug combination.
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