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Abstract: Long noncoding RNAs (IncRNAs) play the critical biological role in many malignant tumours. MIR4435-
2HG has been proven to be a novel oncogenic InNcRNA. However, the exact role and mechanism of MIR4435-2HG in
hepatocellular carcinoma (HCC) remain unclear. Here, we found that MIR4435-2HG is overexpressed in HCC tissue
compared to normal controls and that high level of MIR4435-2HG indicates a poorer prognosis in HCC patients.
MIR4435-2HG enhances the growth and metastasis ability of HCC cells. MIR4435-2HG promotes the expression of
YWHAZ by sponging miR-22-3p to liberate YWHAZ mRNA transcripts. MIR4435-2HG facilitates the proliferation and
metastasis of HCC by modulating the miR-22-3p/YWHAZ axis. These results demonstrated the role and mechanism
of MIR4435-2HG in malignant progression of HCC. MIR4435-2HG may be used as the prognostic marker and treat-

ment target for the patient with HCC.
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Introduction

Hepatocellular carcinoma (HCC), the most com-
mon kind of primary hepatic carcinoma, is the
third reason of tumour-associated death world-
wide [1, 2]. The incidence of HCC has gradually
increased in recent years [3]. The mortality of
HCC is also rising year by year, which is due to
the lack of specific biomarkers [4]. Occurrence
and development of HCC involve changes in
many genes and signaling pathways, and its
pathogenesis is still unclear [5, 6]. Therefore,
an in-depth study on the molecular mechanism
underlying HCC carcinogenesis would help in
the diagnosis and treatment of HCC patients.

Many studies have proven that noncoding RNAs
(ncRNAs) directly involved in many pathophysi-
ological processes [7]. Long noncoding RNAs
(IncRNAs), a major subgroup of ncRNAs, play
critical roles in cancer biology [8, 9]. The affect
of some specific INcRNAs in the progression of
HCC has been identified [10, 11]. The IncRNA

MIR4435-2HG, encoded on chromosome 2q13,
has been proven to be a novel oncogenic
IncRNA in colorectal cancer, lung cancer, pros-
tate carcinoma, etc [12-14]. It has also been
reported that MIR4435-2HG is upregulated in
HCC [15]. Nevertheless, the exact role and
mechanism of MIR4435-2HG in HCC remain
unclear.

Here, we found that MIR4435-2HG was overex-
pressed in HCC, and high level of MIR4435-
2HG acted as the risk factor for the overall sur-
vival of patients with HCC. The most widely rec-
ognized mechanism of IncRNAs is that some
IncRNAs affect tumour progression by acting as
the competitive endogenous RNAs (ceRNAs)
[16, 17], and MIR4435-2HG has also been
proven to have the same effect in some tumours
[18]. We demonstrated that MIR4435-2HG can
remove the effect of miR-22-3p on YWHAZ by
sponging miR-22-3p, thus promoting the ex-
pression of YWHAZ. YWHAZ, a central hub pro-
tein for many signaling pathways, acts as an
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oncogene in many malignant tumours, includ-
ing HCC [19, 20]. We showed that MIR4435-
2HG exerts its proproliferative and prometa-
static effects in HCC by modulating the miR-22-
3p/YWHAZ pathway. Therefore, MIR4435-2HG
can be used as a new special prognostic mark-
er and treatment target for HCC patients.

Materials and methods
Tissue samples

HCC and paracancerous normal tissues were
obtained from HCC patients at Changshu No. 2
People’s Hospital. The two pathologists made
the pathological diagnosis on the collected tis-
sues independently. All HCC patients did not
receive radiotherapy or chemotherapy before
surgery. The ethics of this study was approved
by the ethics committee of Changshu Second
People’s Hospital. The HCC dataset from The
Cancer Genome Atlas (TCGA) was also included
in this study.

Cell lines and cell culture

HCC cell lines Huh7, SMMC7721 and BEL-7402,
HepG2 were purchased from the American
Type Culture Collection (ATCC, Manassas, USA).
The normal hepatic cell line LO2 was purchased
from Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). These
cells were maintained in Dulbecco’s modified
Eagle’'s medium (Gibco, USA) with 10% fetal
bovine serum (Invitrogen, USA) and penicillin
streptomycin and incubated in an incubator
with humid conditions of 37°C with 5% CO,,.

Plasmids, oligonucleotides and cell transfec-
tion

The mimic and inhibitor of miR-22-3p were syn-
thesized by GenePharma (Shanghai, China),
and negative control was used as control. Small
interfering RNA (siRNA) of MIR4435-2HG and
YWHAZ were also synthesized by GenePharma.
We inserted YWHAZ full length into the vector
of pcDNA3.1 (Invitrogen, USA) to construct the
YWHAZ plasmid. The related oligonucleotides
and plasmids were transfected into HCC cells
by using Lipofectamine 3000 (Invitrogen, USA)
following the instructions.

Quantitative RT-PCR

Reverse transcription was carried out with Fer-
mentas and special microRNA reverse tran-
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scription kits according to the experimental
steps (Applied Biosystems, CA) after RNA ex-
traction. We then set up the reaction conditions
and used the ABI StepOnePlus System (Applied
Biosystems, CA) to carry out the amplification
reaction. The following primers were used:
MIR4435-2HG forward 5-CGGAGCATGGAACT-
CGACA-3" and MIR4435-2HG reverse 5-CAAG-
TCTCACACATCCGGG-3’; YWHAZ forward 5-AG-
GAGCCCGTAGGTCATCTT-3’ and YWHAZ reverse
5-TGCTTGTGAAGCATTGGGGA-3'. Specific prim-
ers for miR-22-3p were synthesized by RiboBio
(Guangzhou, China), and U6 was used as nor-
malization for the qRT-PCR of miRNA.

Western blotting

A BCA Protein Assay Kit (Beyotime, China) was
used to detect the protein concentration after
extracting the protein using RIPA buffer (Ken-
GEN, China). 10% SDS-PAGE was used to sepa-
rate the proteins. The protein was transferred
to polyvinylidene fluoride (PVDF) membrane,
and sealed with 5% skimmed milk. Next, the
membranes were incubated with primary anti-
bodies at 4°C overnight, and then with the sec-
ondary antibody at room temperature for 1
hour at the next day. Chemiluminescence rea-
gent was used to detect the signal on the mem-
brane, and data were analyzed by using Image)
software. Antibodies against YWHAZ (1:1000,
Abcam, Cambridgeshire, UK) were used to de-
tect the protein expression level of YWHAZ, and
GAPDH was used for standardization.

Cell proliferation assay

The proliferation ability of HCC cells were evalu-
ated by using Cell Counting Kit-8 (CCK-8, Be-
yotime, China) assays. Transfected HCC cells
were inoculated into a 96-well plate. At differ-
ent times (12, 24, 48 and 72 h), CCK-8 was
added to the cultured cells and maintained at
37°C for an additional 2 h. Microplate Reader
Multiscan FC (Thermo Scientific, Waltham,
USA) was used to measure the absorbance at
450 nm optical density.

Cell invasion and migration assays

Transwell assays were used to detect the inva-
sive ability of HCC Serum-free DMEM was used
to resuspend the HCC cells after transfection.
We then put these cells on the upper layer of
Matrigel coated chambers (BD Biosciences,
Franklin Lakes, USA). DMEM containing 10%
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serum was placed in the lower layer of Matrigel
coated chambers. The non-invasive HCC cells
were removed with cotton swab and invasive
HCC cells were stained with crystal violet after
24 hours. Scratch wound assay was serve to
measure the migration capability of HCC cells.
HCC cells were inoculated into the 6-well plate
after transfection. Tip of 200 ul pipette was
used to from the bruise. We measured the
bruise width at O and 48 hours.

Luciferase reporter assay

The fragments of the YWHAZ 3-UTR and
MIR4435-2HG which matched the miR-22-3p
binding site was cloned into pMIR reporter plas-
mid. The luciferase activity of different treat-
ment groups was measured by using Dual
Luciferase Reporter Assay System (Promega,
Madison, USA) after transfection with the cor-
responding reporter plasmid and oligonucle-
otide. Mutant plasmid was used as a control.

MS2-RIP assay

miRNAs combined with MIR4435-2HG were
detected by using Maltose-binding protein
(MBP)-affinity purification. Three binding site of
bacteriophage MS2 coat protein were added in
the downstream of MIR4435-2HG. The MS2-
tagged MIR4435-2HG plasmid was transfected
into HCC cells to identity miRNAs that bind to
MIR4435-2HG. After 48 hours, RIP assay was
carried out on HCC cells [21], and miR-22-3p
expression was detected.

RNA pull-down assay

Biotinylated-miR-22-3p was acquired from
GenePharma (Shanghai, China), mutant and NC
were used as the control. Cell lysates were cul-
tured with M-280 streptavidin magnetic beads
(Invitrogen, Carlsbad, USA) after transfection
with above-mentioned oligonucleotides [22].
gRT-PCR was used to measure the expression
of MIR4435-2HG in the bound RNA.

Xenograft tumour and immunohistochemistry
staining assay

Nude mice were purchased from the Beijing
Laboratory Animal Center (Beijing, China). Mice
were subcutaneously injected with logarithmi-
cally growing HepG2 cells to form the xenograft
tumour, and the NC and MIR4435-2HG siRNA
was locally injected into the xenograft tumour
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every 4 days. The volume of xenograft tumour
was calculated every four days based on the
formula of 0.5 x length x width?, the mice were
Killed and the tumour was removed 28 days
later. The ethics of this study was approved by
the ethics committee of Changshu Second
People’s Hospital. Immunohistochemistry was
carried out as described previously [23] using
the antibody YWHAZ (Abcam, Cambridgeshire,
UK).

Statistical analysis

SPSS 13.0 was used to analyze the data (mean
+ SD). The related data were statistically evalu-
ated by T-test, spearman correlation analysis
was performed with MATLAB, and survival
curve was drawn by Kaplan Meier analysis. It is
considered to be statistically significant when
the P value is less than 0.05.

Results

MIR4435-2HG was considerably upregulated
in HCC, and a high level of MIR4435-2HG was
the risk factor for the overall survival of HCC
patients

We first analyzed MIR4435-2HG expression in
22 HCC tissues and adjacent normal tissue
(ANT) and discovered that the level of MIR4435-
2HG in HCC tissues was raised (Figure 1A). We
used GEPIA (http://gepia.cancer-pku.cn/) and
StarBase (http://starbase.sysu.edu.cn/) to
analyze the open HCC datasets of The Cancer
Genome Atlas (TCGA), showing the same con-
sequences (Figure 1B and 1C). Meanwhile, the
level of MIR4435-2HG in HCC cell lines Huh?,
SMMC7721 and BEL-7402, HepG2 was signifi-
cantly higher than that in normal hepatic cell
line LO2 (Figure 1D). We explored MIR4435-
2HG clinical significance in HCC patients. The
high MIR4435-2HG expression (= median ratio)
was very associated with TMN stage and
metastasis, not with age, sex, HBsAg infection
and cirrhosis (Table 1). The HCC patients over-
all survival rate with high MIR4435-2HG ex-
pression was shorter by analyzing our samples
(Figure 2A). We analyzed prognostic data from
the TCGA-HCC database through GEPIA and
Starbase and found that high MIR4435-2HG
levels confer a poor prognosis in HCC patients
(Figure 2B and 2C). These results suggested
that MIR4435-2HG may participate in the pro-
gression of HCC.
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Figure 1. MIR4435-2HG is significantly upregulated in HCC. A. The level of MIR4435-2HG was analyzed in 22 HCC
tissues and adjacent normal tissues. Statistical significance is evaluated by one-tailed t-test. B. StarBase (http://
starbase.sysu.edu.cn/) was used to detect the expression of MIR4435-2HG in HCC and matched normal tissue of
TCGA dataset. C. GEPIA (http://gepia.cancer-pku.cn/) was used to detect the expression of MIR4435-2HG in HCC
and matched normal tissue of TCGA dataset. D. The expression profile of MIR4435-2HG in HCC cell lines (HepG2,
Huh7, SMMC7721 and BEL-7402) and normal human hepatic epithelial cells (LO2). Statistical significance is evalu-
ated by two-tailed Student’s t-test. *P < 0.05, **P < 0.01, ***P < 0.001.

CeRNA prediction of MIR4435-2HG

We next discussed the mechanism of MIR4435-
2HG in HCC. Some IncRNAs have been proved
to have pivotal influence in tumours through
the ceRNA mechanism, and MIR4435-2HG has
the same effect [17, 18]. The interplay between
MIR4435-2HG and miRNAs was identified
using Starbase 3.0, and miR-22-3p may bind to
MIR4435-2HG. The target genes of miR-22-3p
were searched through TargetScan, miRDB,
miRDIP and miRPathDB, and 3’-UTR of YWHAZ
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has the identical binding sites with which
MIR4435-2HG binds to miR-22-3p (Figure 3A).
The level of YWHAZ and miR-22-3p were detect-
ed in 22 HCC tissues. miR-22-3p expression
was reduced and YWHAZ expression was raised
in HCC tissues (Figure 3B and 3C), and the simi-
lar consequences were got by analyzing TCGA-
HCC dataset (Figure 3D and 3E). In our HCC
samples, MIR4435-2HG and miR-22-3p expres-
sion were negatively correlated, and MIR4435-
2HG and YWHAZ expression were positively
correlated (Figure 3F and 3G). The same corre-
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Table 1. Correlation between MIR4435-2HG expression and clinical pathological characteristic

(n=22)

Clinical characteristics ~ Number High MIR4435-2HG expression Low MIR4435-2HG expression  P-value

Age 0.360
<50 7 2 5
>50 15 9 6

Gender 0.580
Male 18 10 8
Female 4 1 3

HBsAg infection 0.632
Yes 16 9 7
No 6 2 4

Cirrhosis 0.386
Yes 13 5 8
No 9 6 3

Metastasis 0.032
Yes 12 9 3
No 10 2 8

TMN stage 0.042
I-11 5 0 5
I-1v 17 10 6

A 100- Figure 2. High MIR4435-2HG levels are a risk
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Figure 3. ceRNA prediction of MIR4435-2HG. A. The 3’-UTR of YWHAZ has the same binding sites that MIR4435-
2HG binds to miR-22-3p. B. miR-22-3p expression was detected in 22 HCC tissues and adjacent normal tissues.
Statistical significance is evaluated by one-tailed t-test. C. The expression of YWHAZ was analyzed in 22 HCC tissues
and adjacent normal tissues. Statistical significance is evaluated by one-tailed t-test. D. The expression of miR-22-
3p was detected in HCC and matched normal tissue of TCGA dataset. E. The expression of YWHAZ was analyzed in
HCC and matched normal tissue of TCGA dataset. F. The correlation of MIR4435-2HG and miR-22-3p in 22 HCC tis-
sues was negative. Spearman correlation analysis was carried out. G. The correlation of MIR4435-2HG and YWHAZ
in 22 HCC tissues was positive. Spearman correlation analysis was carried out. H. A negative correlation between
MIR4435-2HG and miR-22-3p was found in the TCGA HCC dataset. Spearman correlation analysis was carried out.
I. The positive correlation between MIR4435-2HG and YWHAZ mRNA levels in the TCGA HCC dataset. Spearman
correlation analysis was carried out. *P < 0.05, **P < 0.01, ***P < 0.001.

lation analysis results were also confirmed in
the TCGA database (Figure 3H and 3l).

MIR4435-2HG sponges miR-22-3p in HCC
cells

We confirmed whether MIR4435-2HG can
directly combine with miR-22-3p. MIR4435-
2HG was mainly expressed in the cytoplasm of
HCC cells by using analysis of nuclear and cyto-
plasmic fragments (Figure 4A). The miR-22-3p
expression was increased in MIR4435-2HG
siRNA transfected HCC cells (Figure 4B). Wild
type and mutant MIR4435-2HG luciferase re-
porter vectors were constructed (Figure 4C).
Luciferase activity of wild type plasmid was
suppressed by the miR-22-3p in HepG2 and
SMMC7721 cells, but the mutant plasmid was
not affected (Figure 4D). MS2-RIP assay was
used to confirm the direct binding combination
of MIR4435-2HG and miR-22-3p. Compared
with empty and mutated plasmids, MS2-tagged
wild-type MIR4435-2HG plasmid enriched a
large amount of miR-22-3p (Figure 4E). RNA
pull-down showed that MIR4435-2HG was
pulled down by biotin-labeled miR-22-3p, and
the result further verified the relationship
between MIR4435-2HG and miR-22-3p (Figure
4F). All results demonstrated that MIR4435-
2HG can directly bind to miR-22-3p in HCC.

MIR4435-2HG promote YWHAZ expression by
sponging miR-22-3p in HCC cells

We further explored the effect of MIR4435-
2HG on YWHAZ levels. Wild type and mutant
YWHAZ 3’-UTR luciferase reporter vectors were
constructed (Figure 5A), and wild type plasmid
luciferase activity was repressed by miR-22-3p
in HCC cells (Figure 5B). The miR-22-3p mimic
inhibited YWHAZ expression both in the protein
and mRNA levels in HCC cells (Figure 5D and
5E). These consequences manifested that
YWHAZ is the target of miR-22-3p. Furthermore,
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the MIR4435-2HG siRNA inhibited the lucifer-
ase activity in wild type YWHAZ 3'-UTR lucifer-
ase reporter vectors, and the miR-22-3p inhibi-
tor reversed the influence of the MIR4435-2HG
siRNA (Figure 5C). YWHAZ expression was
decreased in MIR4435-2HG siRNA-transfected
HCC cells, and this inhibitory effect was attenu-
ated when cells were cotransfected with miR-
22-3p inhibitor (Figure 5D and 5E). These
results indicated that MIR4435-2HG promotes
YWHAZ expression by decoying miR-22-3p in
HCC.

MIR4435-2HG promotes the proliferation and
metastasis of HCC via miR-22-3p/YWHAZ axis

We next explored the effect of MIR4435-2HG
on biological function of HCC cells. MIR4435-
2HG knockdown HCC cells showed a signifi-
cant decrease in proliferation (Figure 6B). Tran-
swell and scratch wound assays showed that
MIR4435-2HG siRNA suppressed the invasive
and migrative capacity of HepG2 and SMMC-
7721 cells (Figure 6C and 6D). YWHAZ has
been proven to act as an oncogene in HCC [20].
We confirmed the oncogenic effect of YWHAZ in
HCC (Supplementary Figure 1A-C). We further
explored whether MIR4435-2HG exerts its role
in HCC by regulating YWHAZ. We subsequently
transfected miR-22-3p mimic, miR-22-3p mi-
mic with YWHAZ plasmid, MIR4435-2HG si-
RNA with miR-22-3p inhibitor into HCC cells.
The changes in YWHAZ expression were detect-
ed by western blotting (Figure 6A). The miR-22-
3p mimic significantly repressed growth and
metastasis of HCC cells (Figure 6A-D). The
YWHAZ plasmid reversed the influence of miR-
22-3p mimic (Figure 6A-D). These results mani-
fested that miR-22-3p plays a role in HCC by
targeting YWHAZ. More importantly, the sup-
pression effect of MIR4435-2HG siRNA on
YWHAZ expression, growth and metastasis in
HCC cells were attenuated by miR-22-3p inhibi-
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Figure 4. MIR4435-2HG sponges miR-22-3p in HCC cells. A. qRT-PCR of nuclear and cytoplasmic RNA fractions
were used to detect MIR4435-2HG expression in the cytoplasm and nucleus. B. The levels of miR-22-3p in HCC cells
following transfection with MIR4435-2HG siRNA. Statistical significance is evaluated by two-tailed Student’s t-test.
C. The binding sites of miR-22-3p on MIR4435-2HG and target sequences were mutated. D. Luciferase assay of
HCC cells transfected with MIR4435-2HG-WT or MIR4435-2HG-MUT plasmid together with miR-22-3p mimic. Sta-
tistical significance is evaluated by two-tailed Student’s t-test. E. MS2-RIP was used to detect endogenous miR-22-
3p associated with MS2-tagged MIR4435-2HG. Empty and mutated plasmids were used as the control. Statistical
significance is evaluated by two-tailed Student’s t-test. F. HCC cells transfected with biotin-labeled miR-22-3p, mu-
tated or NC, and subjected to an RNA pull-down assay. The expression of MIR4435-2HG was detected by qRT-PCR.
Statistical significance is evaluated by two-tailed Student’s t-test. *P < 0.05, **P < 0.01, ***P < 0.001.

tor (Figure 6A-D). The xenograft model was (Figure 6G and 6H). In conclusion, these results
used to further discuss the effect of MIR4435- indicated that MIR4435-2HG advances prolif-
2HG in vivo. MIR4435-2HG knockdown group eration and metastasis of HCC by modulating
showed obvious inhibitory effect on tumour the miR-22-3p/YWHAZ axis.

growth between 20 and 28 days (Figure 6E and

6F). After 28 days, the mice were sacrificed and Discussion

the tumours were stripped. The miR-22-3p level

was increased, while YWHAZ expression was Many specific IncRNAs have been proven to be
decreased in MIR4435-2HG knockdown group involved in the malignant phenotypes of many
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Figure 5. MIR4435-2HG promotes YWHAZ expression by sponging miR-22-3p in HCC cells. A. The binding sites of
miR-22-3p on the 3pg sites YWHAZ, and target sequences were mutated. B. Luciferase assay of HCC cells trans-
fected with YWHAZ-WT or YWHAZ-MUT reporter together with miR-22-3p mimic. Statistical significance is evaluated
by two-tailed Student’s t-test. C. Luciferase assay of HCC cells transfected with YWHAZ-WT or YWHAZ-MUT plas-
mid together with MIR4435-2HG siRNA or MIR4435-2HG siRNA plus miR-22-3p inhibitor. Statistical significance is
evaluated by two-tailed Student’s t-test. D. The expression of YWHAZ mRNA in HCC cells transfected with miR-22-3p
mimic, MIR4435-2HG siRNA or MIR4435-2HG siRNA plus miR-22-3p inhibitor. Statistical significance is evaluated
by two-tailed Student’s t-test. E. Western blotting detected YWHAZ protein expression changes in NC, miR-22-3p
mimic, si-MIR4435-2HG or si-MIR4435-2HG plus miR-22-3p inhibitor transfected HCC cells, GAPDH was used as a
control. *P < 0.05, **P < 0.01, ***P < 0.001.

human tumours [17, 24]. MIR4435-2HG, a 2HG also contributes to the proliferation and
novel IncRNA, is encoded on chromosome metastasis of gastric cancer through targeting
2913. MIR4435-2HG is characterized as an desmoplakin to activate Wnt/B-catenin signal-
oncogenic IncRNA in some malignant tumours ing [27]. MIR4435-2HG was also confirmed to
[25, 26]. MIR4435-2HG promotes the of cells be overexpressed in HCC [15]. However, the
by activated TGF-B pathway [12]. MIR4435- specific role and mechanism of MIR4435-2HG
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Figure 6. MIR4435-2HG promotes the proliferation and metastasis of HCC via the miR-22-3p/YWHAZ axis. A. West-
ern blots identified YWHAZ protein expression changes in NC, miR-22-3p mimic, miR-22-3p mimic plus YWHAZ,
si-MIR4435-2HG or si-MIR4435-2HG plus miR-22-3p inhibitor transfected HCC cells, GAPDH was used as a control.
B. The effect of miR-22-3p mimic and si-MIR4435-2HG on the proliferative ability of HCC cells was determined by
CCK8 assay. The results were further verified by cotransfection with miR-22-3p inhibitor and YWHAZ plasmid. Sta-
tistical significance is evaluated by two-tailed Student’s t-test. C. Effect of si-MIR4435-2HG and miR-22-3p mimic
on the invasive capacity of HCC cells was assessed by transwell assay. The results were confirmed by the recovery
experiment of cotransfection with miR-22-3p inhibitor and YWHAZ plasmid respectively. Statistical significance is
evaluated by two-tailed Student’s t-test. Scale bar, 50 um. D. The migration ability of HCC cells in different transfec-
tion groups was detected by scratch wound assay. YWHAZ plasmid and miR-22-3p inhibitor reversed the effect of
miR-22-3p mimic and si-MIR4435-2HG on the migration capability of HCC cells. Statistical significance is evaluated
by two-tailed Student’s t-test. Scale bar, 200 um. E. The excision tumour of HepG2 xenografts in NC and si-MIR4435-
2HG treated groups. F. The tumour volume of HepG2 xenografts in NC and si-MIR4435-2HG treated groups. Statisti-
cal significance is evaluated by two-tailed Student’s t-test. G. PCR identified miR-22-3p and MIR4435-2HG expres-
sion changes in NC and si-MIR4435-2HG treated groups. Statistical significance is evaluated by two-tailed Student’s
t-test. H. The level of YWHAZ was detected by immunohistochemical staining of sections from the xenograft tumour
tissues of NC and si-MIR4435-2HG treated groups. Scale bar, 25 ym. *P < 0.05, **P < 0.01, ***P < 0.001.

in HCC have not been clarified. Here, we first
analyzed the MIR4435-2HG expression data of
HCC using our samples and public databases.
MIR4435-2HG was overexpressed in HCC com-
pared with adjacent normal tissue, and a high
MIR4435-2HG level was a risk factor for the
overall survival of patients with HCC. We dem-
onstrated that MIR4435-2HG advances the
proliferation and metastasis of HCC cell.

In many human tumours, some special IncRNAs
can act as ceRNAs to perform their biological
functions [16, 28]. ceRNAs decoy special miR-
NAs to inhibit miRNAs binding to their target
genes, therefrom regulating the specific onco-
genes and tumour suppressor genes expres-
sion [29]. The latest research showed that
MIR4435-2HG participates in proliferation and
metastasis of colorectal cancer by regulating
miR-206/YAP1 axis [18]. MIR4435-2HG has
also been proven to promote cell growth, migra-
tion and invasion in melanoma by sponging
miR-802 to modulate FLOT2 [30]. In this study,
we searched the potential ceRNA correlation of
MIR4435-2HG in HCC based on our samples
and public databases and bioinformatics pre-
diction software. We found that MIR4435-2HG,
miR-22-3p and YWHAZ maybe have a potential
ceRNA relationship in HCC. MIR4435-2HG was
further proven to directly bind to miR-22-3p
through RNA pull-down, MS2-RIP and lucifer-
ase reporter assays. We demonstrated that
YWHAZ is target gene of miR-22-3p in HCC.
The miR-22-3p inhibitor abolished the suppres-
sion effect of MIR4435-2HG siRNA on expres-
sion of YWHAZ and luciferase activity of wild
type YWHAZ 3’-UTR luciferase reporter vectors.
Thus, we proved that MIR4435-2HG promotes
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YWHAZ expression by sponging miR-22-3p in
HCC.

YWHAZ, a central protein involved in many
important signal transduction pathways, par-
ticipates in extensive cell activities in many
types of tumours, including growth, cell cycle,
apoptosis, and migration [19, 31, 32]. YWHAZ
could induce the epithelial mesenchymal tran-
sition (EMT) and promote the cell autophagy
through interacting with phosphorylated Atg9
in various tumours [33, 34]. In addition, some
scholars have confirmed that YWHAZ is also
involved in the proliferation, clone formation,
migration, invasion and apoptosis of HCC cells
[32], and the oncogenic effect of YWHAZ was
confirmed in this study. Many studies confirmed
that miR-22-3p plays a role as a antioncogene
in many human tumours [35, 36]. Here, we
demonstrated that miR-22-3p inhibited the
growth and metastasis of HCC cells by target-
ing YWHAZ. Furthermore, the miR-22-3p inhi-
bitor attenuated the suppression effect of
MIR4435-2HG siRNA on growth, invasion and
migration of HCC cells. MIR4435-2HG also
advances HCC progression in vivo through miR-
22-3p/YWHAZ pathway. Taken together, this
study demonstrates the role of the ceRNA net-
work of MIR4435-2HG/miR-22-3p/YWHAZ in
the malignant progression of HCC.

In conclusion, these results showed that MIR-
4435-2HG acts as an oncogene in the malig-
nant progression of HCC. MIR4435-2HG pro-
motes YWHAZ expression by binding to miR-22-
3p to liberate YWHAZ mRNA transcripts.
MIR4435-2HG advances the proliferation and
metastasis of HCC by regulating the miR-22-

Am J Transl Res 2020;12(10):6381-6394
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3p/YWHAZ axis. Understanding the mecha-
nism of MIR4435-2HG in HCC can improve our
understanding of the pathogenesis of HCC.
In-depth study of the ceRNA network of MIR-
4435-2HG/miR-22-3p/YWHAZ in HCC will help
us to identify the prognostic marker and treat-
ment target in HCC patients.
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Supplementary Figure 1. A. The proliferative ability of si-YWHAZ or NC transfected HCC cells was determined by
CCK-8 assay. Statistical significance is evaluated by two-tailed Student’s t-test. B. Migration ability of si-YWHAZ or
NC transfected HCC cells was detected by scratch wound assay. Statistical significance is evaluated by two-tailed
Student’s t-test. C. The invasive capacity of si-YWHAZ or NC transfected HCC cells was assessed by Transwell assay.
Statistical significance is evaluated by two-tailed Student’s t-test. *P < 0.05, **P < 0.01, ***P < 0.001.
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