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Long Non-coding RNA FENDRR Acts as a
miR-423-5pSponge toSuppress theTreg-Mediated
Immune Escape of Hepatocellular Carcinoma Cells
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Long non-coding RNAs (lncRNAs) have been known to partake
in the development and the immune escape of hepatocellular
carcinoma (HCC). The initial microarray analysis of
GSE115018 expression profile revealed differentially expressed
lncRNA fetal-lethal non-coding developmental regulatory
RNA (FENDRR) in HCC. Therefore, this study’s main purpose
was to explore the mechanism of tumor suppressor lncRNA
FENDRR in regulating the immune escape of HCC cells.
Notably, it was further validated through this study that
lncRNA FENDRR competitively bound to microRNA-423-5p
(miR-423-5p), and miR-423-5p specifically targeted growth ar-
rest and DNA-damage-inducible beta protein (GADD45B).
The effects that lncRNA FENDRR and miR-423-5p have on
the cell proliferation and apoptosis, the immune capacity of
regulatory T cells (Tregs), and the tumorigenicity of HCC cells
were examined through overexpressing or the knocking down
of lncRNA FENDRR and miR-423-5p both in vitro and in vivo.
Subsequently, lncRNA FENDRR and GADD45B were revealed
to have poor expressions in HCC. Meanwhile, miR-423-5p was
highly expressed in HCC. Importantly, overexpressed lncRNA
FENDRR and downregulated miR-423-5p diminished cell pro-
liferation and tumorigenicity, and promoted apoptosis in HCC
cells, thus regulating the immune escape of HCC mediated by
Tregs. Taken conjointly, lncRNA FENDRR inhibited the
Treg-mediated immune escape of HCC cells by upregulating
GADD45B by sponging miR-423-5p.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is recognized as the sixth most
common cancer and is ranked as the third major cause of cancer-
correlated death.1 The development of HCC commonly occurs in
people who have chronic liver disease, such as cirrhosis of the liver.
In addition, it is affected by risk factors including hepatitis B virus
(HBV) and hepatitis C virus (HCV) in serum, diabetes mellitus
(DM), albumin expression, age at sustained virologic response
(SVR), alcohol, and smoking.2–4 Radiology and biopsy represent
two methods that are commonly used for diagnosing HCC.5

Currently, many studies have reported novel treatments for HCC.
To elaborate, examples of novel treatments would be the antiviral
treatment and immunotherapy.6,7 Tumor immune escape is noted
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to be a phenomenon in which tumor cells proliferate and metastasize
by evading recognition and attack of the immune system by different
mechanisms. This represents a significant strategy for tumor survival
and development.8 More importantly, the occurrence of programmed
death-1 (PD-1)-targeted therapy has established the values of this
pathway in constraining anticancer T cell immunity in numerous
cancers and extending overall survival.9 Interestingly, long non-cod-
ing RNAs (lncRNAs) have been emerging as the new targets for phar-
macological intervention in HCC.10

lncRNAs are expressed as the non-coding transcripts ranging from
200 nt to 100 kb in length, and they function as novel factors in the
cancer. They play the roles of acting both as oncogenic and tumor-
suppressive factors.11 lncRNA fetal-lethal non-coding developmental
regulatory RNA (FENDRR), a gene that consists of seven exons, is
transcribed from transcription factor-coding gene Foxf1 and located
1,250 bp upstream of the 50-end of Foxf1.12 Furthermore, a previous
study has demonstrated that lncRNA FENDRR was considered to be
one of the favorable diagnostic lncRNA biomarkers for HCC.13 In
addition, a recent study proposed that lncRNA FENDRR methylated
Glypican-3 (GPC3) promoted and downregulated GPC3 expression.
Therefore, it suppresses HCC cell proliferation, migration, and inva-
sion.14 However, this current study discovered that lncRNA FENDRR
mediated the immune escape process of HCC, and evaluated the un-
derlying mechanism. It is intriguing to find that microRNA-423-5p
(miR-423-5p) has the potential to bind to lncRNA FENDRR and
The Authors.
://creativecommons.org/licenses/by-nc-nd/4.0/).
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target growth arrest and DNA-damage-inducible beta (GADD45B).
microRNAs (miRNAs), which are short non-coding RNAs, have
been noted to play crucial roles in various malignancies, including
HCC.15 Notably, miR-423-5p acted as an important predictor to sor-
afenib in HCC patients and regulated the autophagy in HCC cells.16

Additionally, GADD45B gene plays a fundamental role in regulating
different physiological events.17 It has been reported that GADD45B
was involved in sorafenib-induced cell apoptosis in HCC.18 There-
fore, it is safe to hypothesize that lncRNA FENDRR has an impact
on the immune escape of HCC cells through the interaction with
miR-423-5p and GADD45B. The main objective of this study is to
provide clinical insights for future treatments of HCC.

RESULTS
Overexpression of lncRNA FENDRR Suppresses the

Proliferation and Immune Escape of HCC Cells

Initially, microarray-based analysis was conducted. Through differ-
ential analysis for normal samples and HCC samples in the
GSE115018 microarray, it was discovered that lncRNA FENDRR
had low expressions in HCC (Figure 1A). Then, the results of qRT-
PCR (Figures 1B and 1C) indicated that the expression of lncRNA
FENDRR was significantly lower in HCC tissues and cell lines
(MHCC97, HCCLM3, HepG2, Hep3B, and Huh7) than that in adja-
cent normal tissues and normal hepatic cells (L02), with the largest
fold changes (FCs) observed in the MHCC97 cell line, which was
thus selected for the following experiment. By using 5-ethynyl-20-de-
oxyuridine (EdU) and terminal deoxynucleotidyl transferase-medi-
ated dUTP nick end-labeling (TUNEL) assays, it was revealed in
this study that cells treated with si-NC and lncRNA FENDRRNC dis-
played no significant difference in proliferation and apoptosis
compared with cells without treatment (all p > 0.05). Cells transfected
with si-lncRNA FENDRR exhibited increased proliferation and
decreased apoptosis rate, and cells transduced with lncRNA FENDRR
demonstrated an opposite trend (all p < 0.05; Figures 1D–1G). Ac-
cording to the results of qRT-PCR and western blot analysis (Figures
1H–1J), there was no significant difference in the expression of Bax,
Bcl-2, cleaved-caspase-3, and caspase-3 among cells without treat-
ment and cells treated with si-NC and lncRNA FENDRR NC (all
p > 0.05). In comparison with the cells that were exposed to no treat-
ment, the expression of Bax and cleaved-caspase-3 was significantly
Figure 1. Upregulated lncRNA FENDRR Represses the Proliferation and Immu

(A) The expression of lncRNA FENDRR in the HCC-related dataset GSE115018. (B) The

*p < 0.05 compared with adjacent normal tissues. (C) The expression of lncRNA FEND

hepatic cell L02; #p < 0.05 compared with HCC cell lines HCCLM3, HepG2, Hep3B,

FENDRR with si-NC or lncRNA FENDRR NC as controls. (D) Cell proliferation after diffe

treatments. (F) Cell apoptosis examined by TUNEL assay (�200). (G) TUNEL-positive cel

factors in cells with different treatments determined by qRT-PCR. (I) The protein bands of

of apoptosis-related factors in cells with different treatments. (K) The expression of TGF

compared with cells without treatment. In the EdU assay, the cells stained in red were co

stained in green were considered positive, and the results were measurement data. In

expressed as mean ± SD. The data between two groups were analyzed by paired t tes

Tukey’s post hoc test. Experiments were repeated three times. EdU, 5-ethynyl-20-deo
long non-coding RNA fetal-lethal non-coding developmental regulatory RNA; TGF-b, tra

dUTP nick end-labeling; VEGF, vascular endothelial growth factor.
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reduced, and that of Bcl-2 and caspase-3 was significantly elevated
in cells transduced with si-lncRNA FENDRR. However, an opposite
trend was found in cells transfected with lncRNA FENDRR (all p <
0.05). Furthermore, ELISA was conducted, and it presented the re-
sults that the expression of transforming growth factor-b (TGF-b),
interleukin-10 (IL-10), and vascular endothelial growth factor
(VEGF) had no coherent difference among cells without treatment
and cells treated with si-NC and lncRNA FENDRR NC (all p >
0.05). However, the expression of TGF-b, IL-10, and VEGF was
remarkably increased in cells transduced with si-lncRNA FENDRR
but significantly decreased in cells transduced with lncRNA FENDRR
compared with cells without treatment (all p < 0.05; Figure 1K). Tak-
ing the results from above into account, it was demonstrated that
overexpressed lncRNA FENDRR has the potential to inhibit the pro-
liferation and secretion of immune-related factors, but also promote
the apoptosis of HCC cells.

Inhibition of miR-423-5p Suppresses the Proliferation and

Secretion of Immune-Related Factors, and Promotes the

Apoptosis of HCC Cells by Targeting GADD45B

It was previously reported that GADD45B, as tumor-inhibiting fac-
tor, was downregulated in HCC,19 and loss of GADD45B increased
the number of regulatory T cells (Tregs).20 Although differential anal-
ysis for the normal samples and HCC samples in the GSE115018
expression profile revealed that GADD45B was poorly expressed in
HCC (Figure 2A). Moreover, the prediction by online tool exhibited
a binding site between miR-423-5p and GADD45B (Figure 2B). The
results of dual-luciferase reporter gene assay showed that, compared
with the NC group, the luciferase activity was significantly decreased
in the miR-423-5p mimic group in GADD45B-WT (wild-type)
plasmid (p < 0.05), and no significant difference in the luciferase ac-
tivity of the GADD45B-MUT (mutant type) plasmid was found (p >
0.05), demonstrating a direct interaction between miR-423-5p and
GADD45B (Figure 2C). Next, qRT-PCR and western blot analysis
were carried out in order to examine the expression of miR-423-5p
and GADD45B, and the results (Figures 2D–2F) presented that,
compared with cells without treatment, no significant difference in
the expression of miR-423-5p and GADD45B was observed in cells
treated with NC inhibitor and si-NC (both p > 0.05), and cells treated
with both miR-423-5p inhibitor and si-GADD45B exhibited
ne Escape of HCC Cells

expression of lncRNA FENDRR in HCC tissues and adjacent normal tissues (n = 38).

RR in HCC cell lines and normal hepatic cell L02. *p < 0.05 compared with normal

and Huh7. The MHCC97 cell line was treated with si-lncRNA FENDRR or lncRNA

rent treatments examined by EdU assay (�200). (E) EdU-positive cells after different

ls after different treatments. (H) The relative expression of mRNA of apoptosis-related

apoptosis-related factors in cells with different treatments. (J) The protein expression

-b, IL-10, and VEGF in cells with different treatments examined by ELISA. *p < 0.05

nsidered positive, and the results were measurement data. In the TUNEL assay, cells

qRT-PCR and western blot analysis, the results were measurement data and were

t, and data among multiple groups were analyzed by one-way ANOVA, followed by

xyuridine; HCC, hepatocellular carcinoma; IL-10, interleukin-10; lncRNA FENDRR,

nsforming growth factor-b; TUNEL, terminal deoxynucleotidyl transferase-mediated
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decreased miR-423-5p expression, without obvious change in
GADD45B expression (p > 0.05). Cells treated with miR-423-5p in-
hibitor revealed lower miR-423-5p expression but higher GADD45B
expression, and cells transfected with si-GADD45B exhibited reduced
GADD45B expression (p < 0.05), without significant difference in
miR-423-5p expression (p > 0.05). Moreover, EdU assay (Figures
2G and 2H), TUNEL assay (Figures 2I and 2J), qRT-PCR (Figure 2K),
western blot analysis (Figures 2L and 2M), and ELISA (Figure 2N)
were conducted successively. The results revealed that no significant
difference was found in cell proliferation, apoptosis, and the expres-
sion of Bax, Bcl-2, cleaved-caspase-3, caspase-3, TGF-b, IL-10, and
VEGF among cells without treatment and cells treated with NC inhib-
itor, si-NC, and both miR-423-5p inhibitor and si-GADD45B (all p >
0.05). However, decreased proliferation and expression of Bcl-2, cas-
pase-3, TGF-b, IL-10, and VEGF, accompanied by increased
apoptosis and expression of Bax and cleaved-caspase-3, were discov-
ered in cells treated with miR-423-5p inhibitor, but an opposite trend
was detected in the cells transfected with si-GADD45B, in contrast
with cells without treatment (all p > 0.05). Therefore, it could be
drawn from the results that downregulation of miR-423-5p repressed
the proliferation and secretion of immune-related factors, and
enhanced the apoptosis of HCC cells by targeting GADD45B.

lncRNA FENDRR Regulates GADD45B by Competitively Binding

to miR-423-5p

Through differential analysis between the normal samples and HCC
samples, it was found that lncRNA FENDRRwas positively correlated
with GADD45B (Figure 3A). A former study has demonstrated that
lncRNA FENDRR was poorly expressed in gastric cancer and related
to unfavorable prognosis.21 Also, lncRNA FENDRR regulated the
expression of VEGFA through competitively binding to miR-126.22

Therefore, it was speculated that lncRNA FENDRR regulated the
expression of GADD45B by competitively binding to miRNA. In or-
der to explore the interactions among lncRNA FENDRR, miR-423-
5p, and GADD45B, initially the starBase website (http://starbase.
sysu.edu.cn/index.php) was utilized to predict the miRNAs bound
to both lncRNA FENDRR and GADD45B. Next, these miRNAs
were intersected using an online tool (http://bioinformatics.psb.
ugent.be/webtools/Venn/), which revealed that miR-495-3p, miR-
Figure 2. Downregulation of miR-423-5p Inhibits the Proliferation and Immune E

(A) The expression of GADD45B in the HCC-related dataset GSE115018. (B) The bindin

for confirmation of the targeting relationship between miR-423-5p and GADD45B. *p < 0

5p inhibitor and/or si-GADD45B. (D) ThemiR-423-5p expression andmRNA expression

expression of GADD45B and GAPDH in cells with different treatments detected by wes

different treatments examined by EdU assay (�200). (H) EdU-positive cells after different

cells after different treatments. (K) The mRNA expression of apoptosis-related factors in

apoptosis-related factors in cells with different treatments. (M) The statistical analysis of

examined by ELISA. *p < 0.05 compared with cells without treatment. The results of luc

mean ± SD. In the EdU assay, the cells stained in red were considered positive, and th

considered positive, and the results were measurement data. In qRT-PCR and western b

Data between two groups were analyzed by paired t test and among multiple groups w

were repeated three times. EdU, 5-ethynyl-20-deoxyuridine; GADD45B, growth arrest

genase; HCC, hepatocellular carcinoma; IL-10, interleukin-10; miR-423-5p, microRNA

deoxynucleotidyl transferase-mediated dUTP nick end-labeling; VEGF, vascular endoth
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423-5p, and miR-421 could bind to both lncRNA FENDRR and
GADD45B (Figure 3B). Subsequently, the expression of miR-495-
3p, miR-423-5p, and miR-421 in HCC tissues and adjacent normal
tissues was examined. In comparison with the adjacent normal tis-
sues, the expression of miR-495-3p, miR-423-5p, and miR-421 was
significantly increased in HCC tissues (all p < 0.05), with miR-423-
5p showing the largest FC (p < 0.05; Figure 3C). Given that a previous
study has demonstrated that miR-423 could elevate the growth of
HCC cells,23 we selected miR-423-5p for our study subject and hy-
pothesized that lncRNA FENDRR could suppress the Treg-mediated
immune escape of HCC cells through regulating GADD45B by
sponging miR-423-5p.

The online prediction tool confirmed that a binding site existed be-
tween miR-423-5p and lncRNA FENDRR (Figure 3D). Through
dual-luciferase reporter gene assay, it was asserted that, in contrast
with the NC group, the luciferase activity of lncRNA FENDRR-WT
was significantly decreased in the miR-423-5p mimic group (p <
0.05), and no significant difference was found in the lncRNA
FENDRR-MUT plasmid (p > 0.05), suggesting the presence of a bind-
ing site between miR-423-5p and lncRNA FENDRR (Figure 3E). Af-
ter conducting RNA immunoprecipitation (RIP) and RNA pull-down
assays, the results (Figures 3F and 3G) revealed that lncRNA
FENDRR enrichment was higher in the WT-bio-miR-423-5p group
than that in the MUT-miR-423-5p and Bio-NC groups (p < 0.05).
RIP further confirmed that lncRNA FENDRR could interact with
miR-423-5p. Additionally, fluorescence in situ hybridization (FISH)
assay showed that lncRNA FENDRR was mainly located in the cyto-
plasm (Figure 3H).

Furthermore, to analyze and verify the relationship between lncRNA
FENDRR and miR-423-5p, the ectopic expression and depletion ex-
periments were performed in the cell line. As depicted in Figures 3I–
3K, no significant difference in expression of lncRNA FENDRR was
found between cells without treatment and cells treated with si-NC
and lncRNA FENDRR (all p > 0.05). In contrast with cells without
treatment, the GADD45B expression was lower in cells transfected
with si-lncRNA FENDRR, and an opposite trend was observed in cells
transfected with lncRNA FENDRR (all p < 0.05).
scape, and Elevates the Apoptosis of HCC Cells by Upregulating GADD45B

g site between miR-423-5p and GADD45B. (C) Dual-luciferase reporter gene assay

.05 compared with the NC group. The MHCC97 cell line was treated with miR-423-

of GADD45B in cells with different treatments examined by qRT-PCR. (E) The protein

tern blot analysis. (F) The statistical analysis of (E). (G) Cell proliferation in cells with
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Figure 3. lncRNA FENDRR Regulates the Expression of GADD45B through Sponging miR-423-5p

(A) The correlation analysis between lncRNA FENDRR and GADD45B in the GSE115018 dataset. (B) The miRNAs bound to both lncRNA FENDRR and GADD45B predicted

by starBase. (C) The expression of miR-495-3p, miR-423-5p, and miR-421 in HCC tissues and adjacent normal tissues (n = 38). *p < 0.05 compared with adjacent normal

tissues. (D) The binding site between lncRNA FENDRR andmiR-423-5p. (E) Dual-luciferase reporter gene assay for confirmation of the targeting relationship between lncRNA

FENDRR and miR-423-5p. *p < 0.05 compared with the NC group. (F) The binding ability between lncRNA FENDRR and miR-423-5p analyzed by RNA pull-down assay. (G)

The binding ability between lncRNA FENDRR and Ago2 detected by RIP assay. *p < 0.05 compared with IgG. (H) The location of lncRNA FENDRR examined by FISH assay

(�400). TheMHCC97 cell line was treated with si-lncRNA FENDRR or lncRNA FENDRRwith si-NC or lncRNA FENDRRNC as controls. (I) The expression of miR-423-5p and

GADD45B in cells with different treatments examined by qRT-PCR. (J) The protein expression of GADD45B andGAPDH in cells with different treatments detected bywestern

blot analysis. (K) The statistical analysis of (J). *p < 0.05 comparedwith cells without treatment. The results of luciferase activity detection, qRT-PCR, and western blot analysis

weremeasurement data andwere expressed asmean ±SD. Data in (C) were analyzed by paired t test. Data between two groupswere analyzed by unpaired t test and among

multiple groups were analyzed by one-way ANOVA, followed by Tukey’s post hoc test. Experiments were repeated three times. FISH, fluorescence in situ hybridization;

GADD45B, growth arrest and DNA-damage-inducible beta; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HCC, hepatocellular carcinoma; IgG, immunoglobulin G;

lncRNA FENDRR, long non-coding RNA fetal-lethal non-coding developmental regulatory RNA; miR-423-5p, microRNA-423; NC, negative control.
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All of the results above suggested that lncRNA FENDRR might upre-
gulate GADD45B by competitively binding to miR-423-5p.

Overexpressed lncRNA FENDRR and Downregulated miR-423-

5p Inhibit the Secretion of Immune-Related Factors in HCCCells

by Suppressing the Immune-Suppressive Capacity of Tregs

After co-culture of HCC cell lines and Tregs, the positive rate of fork-
head box P3+ (FOXP3+) CD4+ Tregs, FOXP3+ CD25+ Tregs, and
CD8+ Tregs was detected using flow cytometry. Compared with cells
without treatment, there was no prominent difference of positive rate
of FOXP3+ CD4+ Tregs, FOXP3+ CD25+ Tregs, and CD8+ Tregs after
treatment of NC, NC mimic, and both lncRNA FENDRR and miR-
423-5p mimic (all p > 0.05). The positive rate of FOXP3+ CD4+ Tregs
and FOXP3+ CD25+ Tregs was decreased after treatment of lncRNA
FENDRR, accompanied by an increased rate of CD8+ Tregs.
Conversely, the treatment of si-lncRNA FENDRR and miR-423-5p
mimic led to the opposite trends (all p < 0.05; Figures 4A and 4B).
Next, the results of ELISA (Figure 4C) revealed no obvious difference
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Figure 4. Upregulation of lncRNA FENDRR or Downregulation of miR-423-5p Inhibits the Treg-Mediated Immune Escape of HCC Cells

The MHCC97 cell line was treated with si-lncRNA FENDRR, lncRNA FENDRR, and/or miR-423-5p mimic and co-cultured with Tregs. (A) The FOXP3+CD4+, FOXP3+CD25+,

and CD8+ Tregs examined by flow cytometry after different treatments. (B) The statistical analysis of (A). (C) The levels of IL-10, IFN-g, TGF-b, VEGF, IL-2, and IL-4 after

different treatments detected by ELISA. (D) The immune-suppressive capacity of Tregs after different treatments. *p < 0.05 compared with cells without treatment. The results

of positive staining examined by flow cytometry and the results of ELISA were measurement data and expressed as mean ± SD. Data among multiple groups were analyzed

by one-way ANOVA, followed by Tukey’s post hoc test. Experiments were repeated three times. HCC, hepatocellular carcinoma; IFN-g, interferon-g; IL-4, interleukin-4; IL-

10, interleukin-10; lncRNA FENDRR, long non-coding RNA fetal-lethal non-coding developmental regulatory RNA; miR-423-5p, microRNA-423; Treg, regulatory T cell.
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of the levels of TGF-b, VEGF, IL-10, interferon (IFN)-g, IL-2, and
IL-4 among cells without treatment and cells treated with NC, NC
mimic, and both lncRNA FENDRR and miR-423-5p mimic (all p >
0.05). In contrast with the cells that were exposed to no treatment,
cells transfected with lncRNA FENDRR exhibited lower levels of
TGF-b, VEGF, IL-2, and IL-10 and higher levels of IFN-g and IL-4
(all p < 0.05), and cells treated with si-lncRNA FENDRR and miR-
423-5p mimic displayed an opposite result (all p < 0.05). Further-
more, suppression assay was carried out to detect the immune-sup-
pressive capacity of Tregs and eventually presented the finding that
522 Molecular Therapy: Nucleic Acids Vol. 17 September 2019
there was no remarkable change in immune-suppressive capacity of
Tregs after treatment of NC, NC mimic, and both lncRNA FENDRR
and miR-423-5p mimic compared with cells without treatment (all
p > 0.05). The immune-suppressive capacity of Tregs was significantly
inhibited after treatment of lncRNA FENDRR and enhanced after
treatment of si-lncRNA FENDRR and miR-423-5p mimic (all p <
0.05; Figure 4D). Therefore, it was safe to conclude that overexpressed
lncRNA FENDRR and downregulated miR-423-5p could suppress
immune-suppressive capacity of Tregs, thus inhibiting the Treg-
mediated immune escape of HCC.
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Overexpression of lncRNAFENDRRandDownregulation ofmiR-

423-5p Inhibit the Tumorigenicity and Secretion of Immune-

Related Factors of HCC Cells In Vivo

In order to examine the effects of lncRNA FENDRR and miR-423-5p
on the tumorigenicity in vivo, we have established the tumor xenograft
and orthotopic HCC nudemouse models. After measuring the volume
andweight of transplanted tumors, no significant difference existed be-
tween the volume and weight of tumors and the expression of TGF-b,
VEGF, IL-10, IFN-g, and IL-4 of nude mice after injection with cells
without treatment and cells treated with NC, NC mimic, and both
lncRNA FENDRR and miR-423-5p mimic (all p > 0.05). The volume
andweight of tumors were significantly inhibited in nudemice after in-
jection with cells treated with lncRNA FENDRR, which were increased
in nudemice after injection with cells treatedwith si-lncRNAFENDRR
andmiR-423-5pmimic (all p < 0.05; Figures 5A–5C). Following this, we
conducted ELISA and immunofluorescence assays, and we found that
there were no obvious changes in the expression of TGF-b, VEGF, IL-
10, IFN-g, and IL-4 and the positive rates of CD4 and CD8 proteins
among tumor tissues without treatment and those treated with NC,
NC mimic, and both lncRNA FENDRR and miR-423-5p mimic (all
p > 0.05). In contrast with tumor tissues without treatment, the tumor
tissues treated with lncRNA FENDRR exhibited reduced expression of
TGF-b, VEGF, IL-10, and positive rates of CD4 and CD8 proteins but
increased expression of IFN-g and IL-4 (all p < 0.05), and tumor tissues
treated with si-lncRNA FENDRR and miR-423-5p mimic revealed an
opposite result (all p < 0.05; Figures 5E and 5F). From the findings
above, we concluded that overexpressed lncRNA FENDRR and down-
regulation ofmiR-423-5p could suppress the tumorigenicity and secre-
tion of immune-related factors of HCC cells in vivo.

DISCUSSION
In spite of the advances in treating HCC, the existing treatment op-
tions are still inefficient for all of the patients, which is attributed to
a lack of understanding of the physiology of HCC overall,24,25 under-
scoring the need for more effective therapy. It is reported that
lncRNAs function as crucial factors in the development of HCC by
regulating the biological events including cell growth and tumorigen-
esis.10 In addition, immune escape continues to represent the stum-
bling obstacle in effectively treating cancers,26 whichmay be regulated
by lncRNAs. Additionally, miR-423 has been reported to participate
in the development of HCC by promoting cell growth and mediating
G1/S transition through p21Cip1/Waf1 in HCC.23 Thus, we studied
the effect of lncRNA FENDRR on the immune escape of HCC cells
through interaction with miR-423-5p. Eventually, the findings from
the present study demonstrated that overexpression of lncRNA
FENDRR suppressed the Treg-mediated immune escape of HCC cells
by miR-423-5p-mediated upregulation of GADD45B (Figure 6).

At first, the results obtained in this study revealed that lncRNA
FENDRR was poorly expressed, and miR-423-5p was upregulated in
HCC, which resulted in unfavorable outcomes for patients. Moreover,
another study displayed that lncRNA FENDRR exhibited low expres-
sion in HCC and acted as an important factor in HCC development.13

It has been reported that the expression of miR-423-5p in serum was
increased in HCC after sorafenib treatment,16 and upregulation of
miR-423-5p in HCC was negatively related to the recurrence-free sur-
vival.27 In the present study, we uncovered that lncRNA FENDRR
competitively bound tomiR-423-5p and verified the targeting relation-
ship between miR-423-5p and GADD45B. Consistently, previous
research revealed that lncRNA FENDRR could sponge miR-18a-5p
in prostate cancer.28 Furthermore, lncRNA FENDRR elevated the
apoptosis of human brain microvascular endothelial cells (HBMECs)
by upregulation of VEGFA through competitively binding miR-
126.22 Therefore, the findings above were consistent with the results
of the present study. This supports the conclusion that highly ex-
pressed lncRNA FENDRR and poorly expressed miR-423-5p were
involved in the progression of HCC, and miR-423-5p was the interme-
diary in the regulation between lncRNA FENDRR and GADD45B.

On one hand, we found that overexpressed lncRNA FENDRR and
downregulation of miR-423-5p inhibited cell proliferation and
tumorigenicity, but enhanced apoptosis of HCC cells as evidenced
by lowered levels of TGF-b, IL-10, and VEGF. IL-10-stimulated tu-
mor rejections rely on the granzymes in tumor-resident CD8+

T cells and the release of major histocompatibility complexmolecules,
indicating the unique values of IL-10 in simultaneously inducing anti-
tumor immunity and impairing tumor-related inflammation.29

VEGF could block the function of T cells and elevate the recruitment
of Tregs.30 To elaborate, TGF-b is recognized to exert a suppressive
role in immunity and host immunosurveillance by directly disarming
T and cell effector functions.31 Similarly, overexpressed lncRNA
FENDRR repressed the cell proliferation and tumorigenicity, and
elevated apoptosis of breast cancer cells.32 In addition, the inhibitory
effect of downregulation of miR-423-5p on cell proliferation of glio-
blastomas has been previously noted.33 On the other hand, we showed
that overexpressed lncRNA FENDRR reduced the immune-suppres-
sive capacity of Tregs through upregulation of GADD45B. It has been
understood that Treg-mediated immunosuppression promoted im-
mune escape in tumors.34 In addition, loss of GADD45B was demon-
strated to lead to more Tregs.20 Therefore, these evidences coincide
with this study and could prove the suppressive role overexpressed
lncRNA FENDRR plays in proliferation, tumorigenicity, and immune
escape of HCC cells through increasing GADD45B through compet-
itively binding to miR-423-5p.

In conclusion, the fundamental findings of the present study sug-
gested the inhibitory effect of lncRNA FENDRR on the progression
of HCC. This study has revealed that overexpression of lncRNA
FENDRR inhibited the Treg-mediated immune escape of HCC cells
by upregulating GADD45B through sponging miR-423-5p. This
study has the potential to offer novel insights for immunotherapy
for HCC. Nevertheless, the promotive roles of exosomal miR-423-
5p in gastric cancer progression35 and exosomal PD-L1 in immuno-
suppression36 have been underscored recently. The focus of the future
study may place emphasis on the exosomal miRNA-mediated inhibi-
tion. To conclude, the critical role of lncRNA FENDRR in this study
provided a possible strategy for a promising approach to HCC
treatment.
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Figure 5. Overexpressed lncRNA FENDRR or Downregulation of miR-423-5p Inhibits the Tumorigenicity and Immune Escape of HCC Cells In Vivo

Nudemice were injected with the MHCC97 cell line treated with si-lncRNA FENDRR, lncRNA FENDRR, and/or miR-423-5pmimic. (A) The subcutaneous transplanted tumor

of nude mice after injection with different treated cells. (B) The volume of tumor in nude mice. (C) The weight of tumor in nude mice. (D) The expression of TGF-b, VEGF, IL-10,

IFN-g, and IL-4 examined by ELISA. (E) The immunofluorescence staining of CD4 and CD8 proteins (�200). (F) The statistical analysis of (E). *p < 0.05 compared with cells

without treatment. Data among multiple groups were analyzed by one-way ANOVA, and data at different time points were compared using repeated-measurement ANOVA,

followed by Tukey’s post hoc test. HCC, hepatocellular carcinoma; IFN-g, interferon-g; IL-4, interleukin-4; IL-10, interleukin-10; lncRNA FENDRR, long non-coding RNA

fatal-lethal non-coding developmental regulatory RNA; miR-423-5p, microRNA-423.
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Figure 6. The Molecular Mechanism Involved in

lncRNA FENDRR in Regulating the Progression

of HCC

lncRNA FENDRR was downregulated but miR-423-5p

was upregulated in HCC. Overexpressed lncRNA

FENDRR and downregulation of miR-423-5p artificially

inhibited the Treg-mediated immune escape of HCC by

upregulating GADD45B. GADD45B, growth arrest and

DNA-damage-inducible beta; HCC, hepatocellular car-

cinoma; lncRNA FENDRR, long non-coding RNA fetal-

lethal non-coding developmental regulatory RNA; miR-

423-5p, microRNA-423; Treg, regulatory T cell.
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MATERIALS AND METHODS
Ethics Statement

The study was approved by the Ethics Committee of the Third Affil-
iated Hospital of Sun Yat-Sen University. The written informed con-
sents were obtained from all participants. All experiments that incor-
porated animals were carried out in accordance with the principles
and procedures of Guide for the Care and Use of Laboratory Animals
by the NIH.

Microarray-Based Analysis

HCC-related microarray dataset GSE115018 was acquired from the
GEO database (https://www.ncbi.nlm.nih.gov/geo/). Then, differen-
tial analysis was conducted using R language with thresholds of jlog
FCj > 2 and a p value <0.05 set as the conditions that are necessary
to be met for the differentially expressed genes (DEGs).

Study Subjects

A total of 38 patients with HCC (aged 53.97 ± 4.65 years) within the
time period from July 2016 to April 2018 in the Third Affiliated Hos-
pital of Sun Yat-Sen University were enrolled in this study. These pa-
tients consisted of 25 males and 13 females; 6 cases were known to be
in stage T1, 17 cases in stage T2, 13 cases in stage T3, and 2 cases in
stage T4. All patients were not exposed to any radiotherapy or chemo-
therapy prior to the surgery. The histopathological types of HCCwere
evaluated and judged in accordance with theWorld Health Organiza-
tion (WHO) classification. HCC tissues and adjacent normal liver tis-
sues 5 cm away from the tumor (confirmed by histopathology) were
collected and then preserved in liquid nitrogen within 10 min after
sampling. Subsequently, they were utilized for following analysis.

Cell Culture

Five common HCC cell lines, MHCC97, HCCLM3, HepG2, Hep3B,
and Huh7, and human normal hepatic cell L02 that were attained
from the Cell Bank of Chinese Academy of Sciences (http://www.
cellbank.org.cn) (Shanghai, China) were involved in this study. After
Molecular Therap
recovery, HCC cell lines MHCC97, HCCLM3,
HepG2, Hep3B, and Huh7 were cultured with
RPMI 1640 medium (GIBCO, Carlsbad, CA,
USA) supplemented with 10% fetal bovine
serum (FBS), 100 U/mL penicillin, and
100 mg/mL streptomycin. Normal hepatic cell
L02 was cultured with DMEM (Invitrogen, Carlsbad, CA, USA) con-
taining 10% FBS, 100 U/mL penicillin, and 100 mg/mL streptomycin
at a temperature of 37�C consisting of 5% CO2. Upon reaching 90%
confluence, cells were sub-cultured, followed by qRT-PCR in order to
determine the cell line with the lowest expression of lncRNA
FENDRR for the subsequent experiment.

qRT-PCR

Total RNA was extracted with the use of TRIzol (15596026; Invitro-
gen, Carlsbad, CA, USA); then RNA concentration and purity were
determined using a NanoDrop ND-1000 spectrophotometer. Ac-
cording to the instructions of the PrimeScript RT reagent Kit
(RR047A; Takara, Kyoto, Japan) and TaqMan MicroRNA Reverse
Transcription Kit (Applied Biosystems, Carlsbad, CA, USA), RNA
was reversely transcribed into cDNA. Following this part of the pro-
cedure, the primers were designed and synthetized by Shanghai San-
gon Biotechnology (Shanghai, China) (Table 1). qRT-PCR was car-
ried out in accordance with the instructions of the SYBR Premix Ex
Taq II kit (Takara Biotechnology, Dalian, Liaoning, China) using
the ABI 7500 PCR instrument (Applied Biosystems, Carlsbad, CA,
USA). The relative expression of the targeted genes, with U6 and glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) as housekeeping
genes, was calculated based on the 2�DDCt method.37 The experiment
was repeated three times.

Western Blot Analysis

The tissue or cell lines in each group were collected and added with
radioimmunoprecipitation assay (RIPA) lysis buffer (P0013B; Beyo-
time Institute of Biotechnology, Shanghai, China) containing PMSF
and phosphatase inhibitor. The proteins were isolated by SDS-
PAGE and transferred onto a nitrocellulose (NC) membrane. It was
then blocked for 1.5 h with 5% skimmedmilk powder, which was pre-
pared by Tris-buffered saline with Tween (TBST). Next, the mem-
brane was incubated overnight with the primary antibody, rabbit
anti-human antibodies to GADD45B (ab205252, 1:1,000), Bax
y: Nucleic Acids Vol. 17 September 2019 525
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Table 1. Primer Sequences for qRT-PCR

Genes Primer Sequences (50–30)

lncRNA FENDRR
F: TCTTGTCTTTGTAATCAGGCAG

R: GGAGGTATTTCAGTTCTGTCGT

miR-423-5p
F: GCCTGAGGGGCAGAGAGC

R: CCACGTGTCGTGGAGTC

miR-495-3p
F: ACACTCCAGCTGGGAAACAAA CATGGTGCA

R: TGGTGTCGTGGAGTCG

miR-421
F: TATGGTTGTTCTGCTCTCTGTGTC

R: CTCACTCACATCAACAGACATTAATT

GADD45B
F: TACGAGTCGGCCAAGTTGATG

R: GGATGAGCGTGAAGTGGATTT

Bax
F: CCCGAGAGGTCTTTTTCCGAG

R: CCAGCCCATGATGGTTCTGAT

Bcl-2
F: GGTGGGGTCATGTGTGTGG

R: CGGTTCAGGTACTCAGTCATCC

U6
F: CGGTTCAGGTACTCAGTCATCC

R: AACGCTTCACGAATTTGCGT

GAPDH
F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG

Bax, Bcl-2-associated X protein; Bcl-2, B cell lymphoma 2; F, forward; GADD45B,
growth arrest and DNA-damage-inducible beta; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase; lncRNA FENDRR, long non-coding RNA fetal-lethal non-coding
developmental regulatory RNA; miR, microRNA; R, reverse.
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(ab32503, 1:1,000), Bcl-2 (ab32124, 1:1,000), caspase-3 (ab13847,
1:500), cleaved caspase-3 (ab32042, 1:500), and GAPDH (ab9485,
1:2,500) at a temperature of 4�C. The following day, the membrane
was washed with TBST and incubated with the secondary antibody,
horseradish peroxidase (HRP)-labeled goat anti-rabbit immunoglob-
ulin G (IgG; ab205718, 1:2,000–1: 50,000), at room temperature for 2
h. All antibodies were purchased from Abcam (Cambridge, MA,
USA). Then, the membrane was developed in the enhanced chemilu-
minescence (ECL) and photographed with the use of SmartView Pro
2000 (UVCI-2100; Major Science, Saratoga, CA, USA). The Quantity
One software was employed in the experiment in order to quantify the
corresponding protein bands.38

FISH

Cells were seeded into 24-well plates at the density of 6 � 104 cells/
well until cell confluence reached 60%–70%. After being fixed with
4% paraformaldehyde, the cells in each well were added with 1 mL
precooling permeate solution at 4�C for about 5 min. After this
part of the procedure, the cells were blocked with 20 mL prehybridiza-
tion solution at a temperature of 37�C for about 30 min. It was then
added with Stellaris RNA FISH probe hybridization solution (Bio-
search Technologies, Hoddesdon, UK), which contains a lncRNA
FENDRR probe to hybridize at 37�C overnight, avoiding any expo-
sure to light. Subsequently, cells were washed with washing buffer I,
II, and III, respectively, at 42�C, averting exposure to light, and nuclei
526 Molecular Therapy: Nucleic Acids Vol. 17 September 2019
were stained by DAPI staining solution for 10 min, washed with PBS,
and mounted. Lastly, cells were examined with the use of a fluores-
cence microscope (Olympus Optical, Tokyo, Japan).
Dual-Luciferase Reporter Gene Assay

The target genes of miR-423-5p were predicted by the biological pre-
diction software. Moreover, the dual-luciferase reporter gene assay
was applied to confirm the fact that lncRNA FENDRR and
GADD45B represented direct targets of miR-423-5p. The sequences
of WT and MUT in mRNA 30 UTR of lncRNA FENDRR and
GADD45B were artificially synthetized.

Furthermore, the pmiR-RB-REPORT lncRNA FENDRR-30 UTR
and pmiR-RB-REPORT-GADD45B-30 UTR plasmids (Guangzhou
RiboBio, Guangzhou, Guangdong, China) were treated using restric-
tion enzymes, and the synthetic target gene fragmentsWT andMUT
were inserted into the pmiR-RB-REPORT vector (Guangzhou Ribo-
Bio, Guangzhou, Guangdong, China) with miR-423-5p mimic,
respectively. Then, luciferase reporter plasmids WT and MUT
were employed for the purpose of subsequent detection. After 48
h, the cells were collected, lysed, and centrifuged for 3–5 min with
the supernatant obtained. The luciferase detection kit (RG005;
Shanghai Beyotime Biotechnology, Shanghai, China) was imple-
mented in the experiment to dissolve Renilla luciferase detection
buffer solution and firefly luciferase detection agent, respectively.
Following this, the relative luciferase activity was calculated and
measured by the relative light unit (RLU) ratio of firefly luciferase
to Renilla luciferase.39
RIP

The binding of lncRNA FENDRR with Ago2 protein was detected
with the use of a RIP kit (Millipore, Billerica, MA, USA). The
MHCC97 cells were lysed with RIPA lysis buffer (P0013B; Beyotime
Biotechnology, Shanghai, China) for 5 min in an ice bath. After
centrifugation, the collected lysate (100 mL) was then incubated
with RIP buffer containing A +Gmagnetic beads conjugated with hu-
man anti-Ago2 antibody (ab186733, 1:50; Abcam). To elaborate, IgG
(ab109489, 1:100; Abcam) was incorporated in the experiment as a
negative control (NC). Samples and input were treated by protease
K to extract RNA for subsequent PCR detection.
RNA Pull-Down

MHCC97 cells were transfected with 50 nM biotin-labeled WT-bio-
miR-423-5p and MUT-bio-miR-423-5p (Wuhan Genecreate Biolog-
ical Engineering, Wuhan, Hubei, China). After about 48 h, cells
were collected, washed with PBS, and incubated in a lysis buffer
(Ambion, Austin, TX, USA) for 10 min. Biotinylated FENDRR
was incubated overnight with streptavidin magnetic beads at a tem-
perature of 4�C. Furthermore, the beads were rinsed two times with
pre-cooled lysis buffer, three times with low-salt buffer, and one
time with high-salt buffer. The bound RNA was purified by the TRI-
zol method, and lncRNA FENDRR enrichment was determined by
qRT-PCR.40
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Cell Treatment

The monocytes were isolated from the blood of HCC patients. The
CD4+CD25+ T cells were separated from monocytes and purified
with over 95% purity determined by flow cytometry. Next,
MHCC97 cells in the logarithmic phase were selected for the process
of transfection with the following plasmids and small RNA: si-NC
plasmid, si-lncRNA FENDRR plasmid, NC plasmid, lncRNA
FENDRR plasmid, NC inhibitor sequence, miR-423-5p inhibitor
sequence, GADD45B plasmid, and si-GADD45B plasmid. Conse-
quently, CD4+CD25+ T cells and MHCC97 cells were co-cultured
and transfected with si-NC plasmid, lncRNA FENDRR plasmid, si-
lncRNA FENDRR plasmid, NC mimic, and miR-423-5p mimic. All
of the plasmids above were obtained from Dharmacon (Lafayette,
CO, USA). Next, MHCC97 cells were inoculated in six-well plates
at the density of 3� 105 cells/well and cultured using a Lipofectamine
2000 kit (Invitrogen, Carlsbad, CA, USA) when cell confluence
reached 50%–80%. Subsequently, 4 mg target plasmid and 10 mL
Lipofectamine 2000 were diluted independently with 250 mL
serum-free Opti-MEM (GIBCO Company, Grand Island, NY,
USA). The two mixtures were mixed and added into the culture
well for incubation at 37�C in a 5% CO2 incubator. After approxi-
mately 6 h, cells were cultured in complete culture medium and
were then collected after 48 h of incubation.

EdU Assay

Cells in each group were seeded in a 96-well plate at a density of
1.6 � 105 cells/well for 48 h. The cells in each well were added
with 50 mM EdU (Cell-Light EdU Apollo 488 In Vitro Imaging Kit;
RiboBio, Guangzhou, Guangdong, China) and cultured at 37�C for
4 h. Cells were subsequently fixed with 4% formaldehyde solution
for 15 min and treated with 0.5% Triton X-100 for permeabilization.
After PBS washing, cells in each well were incubated with 100 mL
Apollo mixture at room temperature for about 30 min and stained
with 100 mL Hoechst33342 staining solution for 30 min. The cells
were finally observed and photographed under a fluorescence micro-
scope (Olympus Optical, Tokyo, Japan). The Image-Pro Plus (IPP)
6.0 software (Media Cybernetics, Bethesda, MD, USA) was imple-
mented in order to measure the number of EdU-positive cells (eryth-
rocytes). The EdU incorporation rate was expressed as the ratio of
EdU-positive cells to total cells (blue cells). The experiment was
repeated three times to determine the mean value.

TUNEL Assay

After dewaxing and dehydration, the cell slides were treated with pro-
tease K (Boster Biological Technology, Wuhan, Hubei, China) at
room temperature for 20 min, incubated with TUNEL reaction
mixture at 37�C for 60 min in accordance with the instructions of
the kit (Boster Biological Technology, Wuhan, Hubei, China), and
washed with PBS. Then, the cell slides were observed with the use
of a fluorescence microscope (BX-60; Olympus Optical, Tokyo,
Japan) using a filter at excitation wavelength of 450–500 nm and
emission wavelength of 515–565 nm. The NC slide glass was incu-
bated with label solution (terminal-free transferase) instead of
TUNEL reaction solution. The positive control slide glass was incu-
bated with bovine pancreas DNase I (Boster Biological Technology,
Wuhan, Hubei, China). Lastly, IPP 6.0 software was used to count
the number of apoptosis cells.

ELISA

The culture supernatant of cells in each group was utilized for detect-
ing the expression of TGF-b, IL-10, VEGF, interferon-g (IFN-g), and
IL-4 according to the instructions of TGF-b, IL-10, VEGF, IFN-g, and
IL-4 ELISA kits (RapidBio, West Hills, CA, USA). The diluted sam-
ples were added into the reaction wells of the ELISA plate (100 mL
per well), with NC and positive control set with duplicated wells
detection. Thus, samples in each well were added with 100 mL enzyme
conjugate and reacted at 37�C for 30 min. Cells were added with
100 mL HRP substrate solution for developing at 37�C for
10–20 min. Once significant color change in the positive control or
slight color change in the NC appeared, 50 mL termination solution
was added to each well to prevent the reaction from continuing any
further. The optical density (OD) value of each well was measured
at 450 nm using the microplate reader (SpectraMAX M5; Molecular
Devices Corporation, Sunnyvale, CA, USA) within 20 min.41

Flow Cytometry

In accordance to the instructions of the Tregs staining kit
(eBioscience, San Diego, CA, USA), the process of flow cytometry
was carried out. Then, the surface molecules were stained by fluores-
cein isothiocyanate (FITC)-CD4 antibody and allophycocyanin
(APC)-conjugated CD25 antibody at 4�C for 15 min. Next, cells
were washed by flow cytometry staining buffer, added with perme-
ation working solution, and stained with phycoerythrin (PE)-conju-
gated FOXP3 antibody at 4�C for 30 min. Finally, cells were washed,
resuspended by flow cytometry staining buffer, and analyzed with a
Gallios flow cytometer (Beckman Coulter, Chaska, MN, USA).
WinMDI 2.8 software (The Scripps Institute, San Diego, CA, USA)
was employed to evaluate the ratio of positive cells of Tregs.42

Suppression Assay

The in vitro-suppressive capacity of expanded Tregs was assessed
with a carboxyfluorescein succinimidyl ester (CFSE) inhibition
assay as previously mentioned.43 In brief, peripheral blood mono-
nuclear cells (PBMNCs) were purified, labeled with CFSE
(Invitrogen, Carlsbad, CA, USA), and stimulated with anti-CD3
monoclonal antibody (mAb)-coated beads ± cultured tTregs
(1:2–32 tTregs/PBMNCs).

In Vivo Assay

In the study, a total of 56 male nude mice (BALB/c, aged 5 weeks,
weighing 15–25 g) were acquired from Shanghai Laboratory Animal
Center of Chinese Academy of Sciences (Shanghai, China). For the
establishment of a subcutaneous xenograft HCC model, the nude
mice were separated evenly into seven groups (n = 8) and then sub-
cutaneously injected at the left axilla with MHCC97 cells (1 � 107

cells). When the tumor volume reached 100 mm3 after about
10 days, the nude mice were injected with cells after treatment
of si-NC, lncRNA FENDRR, si-lncRNA FENDRR, NC mimic,
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miR-423-5p mimic, and both lncRNA FENDRR and miR-423-5p
mimic, respectively. This whole process of intratumoral injection
was carried out every 2 days for 2 weeks. The tumor volume was
calculated every week with the use of the formula: V (volume) = W
(width)2 � L (length)/2. On the 35th day, the nude mice were eutha-
nized by using CO2, with tumor weight measured. The siRNA was
packed with liposome before intratumoral injection. According to
the instructions (Altogen Biosystems, Las Vegas, NV, USA), this
study used cationic liposomes-based in vivo transfer reagent for the
purpose of preparing the si-RNA transfer reagent complex.44

For the orthotopic HCC model, a single tumor nodule could be
analyzed in the liver after 6 days of an injection of 2 � 106 treated
MHCC97 cells into the left liver lobe of nude mice. The total obser-
vation duration lasted 70 days, and the nude mice were exposed to
anesthesia and then euthanized if moribund.45
Immunofluorescence Assay

The immunofluorescence analysis for orthotopic HCC tissues was
performed in a way reported in a previous study.46 The orthotopic
HCC tumor tissues were fixed in 10% formalin for 48 h, embedded
in paraffin before sectioning, and then blocked with protein block
serum-free solution. A suspension of LX2 cells (1 � 106 cells/mL)
was fixed with ice-cold acetone on ice for 15 min and then blocked
with 5% (w/v) BSA. Subsequently, cells were incubated with the pri-
mary antibody, rabbit anti-human antibodies to CD4 (ab133616,
1:100) and CD8 (ab4055, 1:100) at 4�C overnight, and the second-
ary antibody, fluorescence-labeled goat anti-rabbit antibody to
IgG (ab205718, 1:2,000–1:50,000), at room temperature for 1 h.
Subsequently, the cells were stained with propidium iodide (PI;
eBioscience, San Diego, CA, USA), washed, mounted, and visualized
by fluorescence microscopy (Olympus IX51; Olympus Optical,
Tokyo, Japan).
Statistical Analysis

All data were processed by SPSS 22.0 statistical software (IBM,
Armonk, NY, USA). Measurement data were expressed as
mean ± SD. All data were calculated using a normal distribution
test and homogeneity of variance test. Data conformed to normal dis-
tribution and homogeneity of variance were compared by paired t test
within groups, by unpaired t test between two groups, and by one-way
ANOVA or repeated-measurement ANOVA amongmultiple groups,
followed by Tukey’s post hoc test. If the p value was <0.05, it was
considered to be statistically significant.
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