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Upregulation of microRNA miR-652-3p is a prognostic risk factor for
hepatocellular carcinoma and regulates cell proliferation, migration, and
invasion
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ABSTRACT

As powerful regulatory factors, microRNAs (miRNAs) are involved in tumor progression. The
current research aimed to excavate the prognostic significance and potential regulatory mechan-
isms of miR-652-3p in hepatocellular carcinoma (HCC). Expression of miR-652-3p in HCC tissues
and cells was exposed by Quantitative real-time polymerase chain reaction (RT-qPCR) assay, and
we found that miR-652-3p was elevated in HCC tissues and cells than in the control group
(P < 0.05). Then, the relationship between miR-652-3p levels and clinical characteristics was
obtained from the Chi-square test. Kaplan-Meier survival analysis and Cox regression model to
explore the outcome of miR-652-3p on the prognosis of HCC. The results investigated that
overexpression of miR-652-3p was related to clinical tumor-node-metastasis (TNM) stage
(P = 0.020) and differentiation (P = 0.031). HCC patients with elevated miR-652-3p levels were
correlated with poor overall survival (log-rank, P = 0.007), and maybe a possible prognostic marker
for HCC. Finally, CCK-8, colony formation, wound healing and Transwell assay was detected after
transfection of HCC cells with miR-652-3p mimic or inhibitor. And the results confirmed that
elevation miR-652-3p promoted the proliferation, migration, and invasion of tumor cells (P < 0.05).
All data indicated that elevated miR-652-3p is a prognostic marker and would be able to
participate in tumor progression of HCC by regulating cell proliferation, migration, and invasion.
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Introduction processes such as embryogenesis, proliferation,

apoptosis, and metastasis [6-8]. what're more, dys-
regulated miRNAs have been persistent, including

Hepatocellular carcinoma (HCC) is a common
type of primary liver cancer and the fifth largest

malignant tumor in the world [1]. Due to its high
invasiveness and mortality, this malignant tumor
of the digestive system has become a major threat
to human health [2,3]. Although comprehensive
treatment strategies such as surgical resection, che-
moembolization, liver transplantation have been
successfully applied to the treatment of HCC
patients. However, due to the high recurrence
and metastasis rate of patients, the 5-year survival
rate is still not ideal [4]. On this account, it is
urgent to find new and reliable prognostic biomar-
kers for HCC treatment.

MicroRNAs are non-coding, highly conserved
endogenous small RNA, consisting of 22-25
nucleotides [5]. Studies have proved that
miRNAs are powerful regulators of biological

HCC. For example, miR-370, miR-3691-5p, miR-
146a are dysregulated in HCC [9-11]. More
importantly, a study identified circulating
miRNAs related to the progression of HCC in
rats, including miR-652-3p [12]. Among numer-
ous miRNAs, miR-652-3p is located on chromo-
some Xp23. In tumors such as bladder cancer and
ovarian cancer, its level was dysexpression [13,14].
And it serves as a prognostic marker for gastric
cancer and a potential diagnostic indicator of
acute decompensated heart failure [15,16].
However, the clinical and biological regulation of
miR-652-3p in HCC has not been excavated.
Based on the above studies, we speculated that
miR-652-3p might play a certain role in HCC. The
main point of the current research was to verify
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the level of miR-652-3p in HCC patients and its
clinical significance and continue to think about
the regulatory role of miR-652-3p in the biological
behavior of HCC cells. Current research suggests
that miR-652-3p has potential significance as
a novel prognostic marker and therapeutic target
for HCC.

Material and methods
Clinical sample collection and evaluation

The current study was authorized by the 900
Hospital of The Joint Logistics Team and all par-
ticipants signed informed consent. All tissue was
processed and anonymize. The research methodol-
ogy is following the standards stipulated in the
Helsinki Declaration.

All HCC tissue samples (Tumor and matching
adjacent non-tumor tissues) and complete clinical
and pathological data were endorsed from 126
HCC patients who underwent surgical resection
at the 900 Hospital of The Joint Logistics Team
from June 2009 to December 2014. All patients
were diagnosed as HCC by more than two pathol-
ogists before surgery, and patients with autoim-
mune disease and those who had received any
antitumor treatment before surgery were excluded.
All subjects were followed up for five years,
including the time interval between surgery and
death or last follow-up. In the present study, the
pathological grading and staging of HCC patients
were carried out according to AJCC TNM staging
[17]. The patient’s gender, age, tumor size, and
other clinical data and pathological characteristics
were collected as shown in Table 1.

Cell culture and miRNA transfection

Human normal hepatocytes cell HL-7702 and HCC cell
lines Huh-7, Hep3B, and HepG2 used in this study were
all from the Chinese Academy of Sciences Cell Bank. Cells
were cultured in a DMEM medium containing 10% FBS,
1% penicillin, and streptomycin in a moist incubator at
37°C, 5% CO,. When the cells grow to the growth phase,
miR-652-3p mimic (miR10022709-1-5, Ribo Bio,
Guangzhou, China), mimic NC (miRIN0000001-1-5,
Ribo Bio, Guangzhou, China), miR-652-3p inhibitor
(miR2171122085637-1-5, Ribo Bio, Guangzhou, China),

Table 1. Correlation between miR-652-3p expression levels and
clinical features in HCC patients.

Cases No. miR-625-3p expression

Parameters (n =126) Low (n =57) High (n =69) P
Age (years) 0.858
<60 62 29 33
>60 64 28 36
Gender 0.595
Male 65 31 34
Female 61 26 35
Tumor size (cm) 0.721
<5 69 30 39
>5 57 27 30
Smoking status
No 71 35 36 0.367
Yes 55 22 33
Alcohol intake
No 70 34 36 0.472
Yes 56 23 33
AFP (ng/ml) 0.477
<400 66 32 34
=400 60 25 35
Cirrhosis
Yes 64 30 34 0.724
No 62 27 35
Clinical TNM stage 0.020
1=l 58 33 25
-1V 68 24 44
Differentiation
Well and 61 34 27 0.031

moderate
Poor and others 65 23 42

AFP, alpha-fetoprotein.

inhibitor NC (miR2N0000001-1-5, Ribo Bio, Guangzhou,
China) are transferred into the cells used Lipofectamine
2000 for in vitro cell function detection of miR-652-3p.

RNA extraction and quantitative RT-PCR
(RT-qPCR) assay

Isolation of HCC tissues and cells by Trizol to obtain
the total RNA. The extracted RNA was reverse tran-
scribed into cDNA by a reverse transcription Kkit.
Finally, RT-qPCR reaction was carried out on ABI
7500 Fast Real-Time PCR system through the SYBR
Green I Master Mix Kit. The primer sequence about the
current research was as follows: U6 forward 5'-
CTCGCTTCGGCAGCACA-3" and reverse 5'-
AACGCTTCACGAATTTGCGT-3; and miR-652-3p
forward 5- GCCGAGAATGGCGCCACTAG -3"and
reverse 5- GTGCGTGTCGTGGAGTCG -3 The
relative levels of miR-652-3p were estimated with the
272" and normalized to U6. The RT-qPCR assay was
repeated 3 times independently, with 3 repetitions for
each time.



Cell proliferation assay

The cell proliferation ability was determined by
the CCK-8. Cells transfected with miR-652-3p
mimic or inhibitor were plated into 96-well culture
plates at a density of 1.5 x 10> cells/well. To ensure
the accuracy of the experiment, 3 wells were
repeated each time. Then a 10 pl of CCK-8 reagent
(MedChem Express, China) was then supplemen-
ted cells every 24 h for the next 3 days. And then
incubator for 1 h and measure the change in
absorbance at 450 nm according to the
specification.

Colony formation assay

The HCC cells of transfected were disgested by
trypsin and inoculated into 6-well plates at
a concentration of 500 cells/ well, with 6 replicates
per sample. Then cells were placed in an incubator
and replaced with a fresh medium every 3 days.
On the 15™ day, the medium in the well plates was
removed and cleaned with PBS. It was then fixed
in 4% paraformaldehyde for 20 min, followed by
staining in 0.1% crystal violet for 20 min. Removed
crystal violet and washed in running water until it
was not shown purple. The cell plates were then
photographed and then the unmber of clones was
counted.

Wound-healing assay

A wound-healing assay was performed to detect
the migration [18]. The transfected cells were
inoculated into 6-well plates, and mitomycin
C was supplemented to inhibited cell growth
when they reached 80%-90% fusion length. Then
use a 200 pL pipette tip to draw two straight lines
on the monolayer. After cleaning with serum-free
DMEM, photographs were taken under
a microscope. They were then placed in an incu-
bator and incubated for 24 h before being photo-
graphed again under a microscope. Then the area
of the scratch was counted by Image ] software,
and then it was calculated as (Ag-A,4)/Ay X 100%.
Finally, the normalization of the results to the
control groups. What’s more, there were 3 dupli-
cate wells of all experimental groups, and each well
was photographed for 4 regions.
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Transwell assay

Transwell was used to analyze cell migration and
invasion capacity following previous studies [19].
Resuspend the cells transfected with miR-652-3p
mimic or inhibitor in serum-free medium, and
inoculated 200 pl of medium with the concentra-
tion of 5 x 10* cells in the upper chamber of
Transwell. Pre-coated the upper chamber of
Transwell with 0.5 mg/ml of Matrigel (BD
Bioscience, USA) in advance to resolve the inva-
sion, and the migration of cells without Matrigel
was measured. DMEM supplemented 10% FBS
was added to the lower chamber. After 24 h of
culture, the non-migrated and noninvasive cells in
the upper chamber were wiped off. Cells in the
lower chamber were fixed with 4% paraformalde-
hyde, stained with 0.1% crystal violet for 15 min.
Microscopically, the number of randomly counted
the number of cells in 5 fields under in each of
three independent Transwell replicates was
calculated.

Statistical analysis

The data of the current research were analyzed by
SPSS and GraphPad Prism 7.0, and the variance
between tumor and adjacent tissues of HCC was
compared by student’s t-test. The relationship
between miR-652-3p levels and clinical character-
istics was obtained from the Chi-square test.
Kaplan-Meier survival analysis and Cox regres-
sion model were used to explore the effect of
miR-652-3p on the prognosis of HCC. Results
with P < 0.05, which are judged to be statistically
significant.

Results

Through previous studies, we speculated that miR-
652-3p may have a certain clinical value in HCC
and participate in the regulation of HCC progres-
sion. Subsequently, we analyzed the levels of miR-
652-3p in the 126 HCC patients and the clinical
prognostic value of 5-years follow-up. In vitro,
miR-652-3p levels were regulated to explore its
effects on cell proliferation, migration, and
invasion.
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MiR-652-3p was upregulated in HCC

This study detected the levels of miR-652-3p in
HCC. Compared with matched adjacent tissues,
miR-652-3p was remarkedly elevated in 126
HCC patients (P< 0.001, Figure 1(a)). We then
examined the levels of miR-652-3p in HCC cells
and normal hepatocytes cells HL-7702. The miR-
652-3p levels in the three HCC cell lines were
significantly increased (P< 0.01, Figure 1(b)).
This is consistent with the results of the tissue
samples.

MiR-652-3p was related to clinical characteristics
of HCC

Then we divided HCC patients into the high
expression group of miR-652-3p (n = 69) and the
low expression group of miR-652-3p (n = 57)
according to the average levels (2.757 + 0.727) of
miR-652-3p in HCC patients. A Chi-square was
conducted to examine the relationship between
miR-652-3p and various clinicopathological char-
acteristics of HCC, and the results were shown in
Table 1. Overexpression of miR-652-3p was
remarkedly correlated with clinical TNM stage
(P = 0.020) and degree of differentiation
(P = 0.031), but not correlated with age, gender,
tumor size, AFP, Cirrhosis, smoking status, or
alcohol intake (P > 0.05).

*k*

% 1

Adjacent tissue Tumor tissue

Relative expression of miR-652-3p

Elevated miR-652-3p indicates a poor prognosis
in HCC patients

This study moreover investigated the relationship
between miR-652-3p and the overall survival of HCC
patients. Through the 5-year follow-up and Kaplan-
Meier survival analysis. Results showed that the survival
time of patients with elevated miR-652-3p levels was
shorter than that of patients with low miR-652-3p levels
(log-rank P = 0.007, Figure 2). In addition, multivariate
Cox regression was performed on HCC patients and
demonstrated that the upregulation of miR-652-3p was
closely related to poor survival and could serve as an
independent prognostic risk index for HCC patients
(HR =3.249, 95%CI = 1.323-7.979, P = 0.010, Table 2).

MiR-652-3p regulated HCC cell function

Then we further explored whether miR-652-3p
plays a role in the progression of HCC through
in vitro cell function experiments. miR-652-3p
mimic and inhibitor were transfected into HCC
cells Huh-7 and Hep3B, respectively. RT-qPCR
results showed that the expression of miR-652-3p
in the miR-652-3p mimic group was up-regulated,
and down-regulated in the miR-652-3p inhibitor
group (P < 0.01, Figure 3(a)). The experimental
outcome confirmed that the miR-652-3p level
could be regulated in vitro.

Furthermore, elevated miR-652-3p significantly
increased cell proliferation and colony-forming ability
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Figure 1. RT-qPCR assay discovered the levels of miR-652-3p in HCC tissues and cells. a. The levels of miR-652-3p were significantly
increased in HCC tissues (***P < 0.001). b. Expression of miR-652-3p in HCC and human normal hepatocytes. Compared with normal

cells, miR-652-3p was elevated in HCC cells (**P < 0.01).
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Figure 2. Compared with HCC patients with low miR-652-3p expression, the prognosis of patients with high miR-652-3p expression

was not ideal (log-rank P = 0.007).

Table 2. Multivariate Cox analysis of miR-652-3p and clinical
parameters with overall survival.

Multivariate analysis

Characteristics HR 95%Cl P

miR-1183 3.249 1.323-7.979 0.010
Age 0.442 0.308-1.673 0.443
Gender 1.086 0.445-2.595 0.853
Tumor size 0.775 0.333-1.803 0.554
Smoking status 0.647 0.299-1.399 0.268
Alcohol intake 0.697 0.317-1.533 0.370
AFP 0.560 0.238-1.317 0.184
Cirrhosis 0.406 0.168-0.981 0.045
Clinical stage 2.708 1.050-6.982 0.039
Differentiation 2.288 0.997-5.253 0.051

of Hep3B and Huh-7, while depleted miR-652-3p
markedly decreased these abilities (P < 0.05, Figure 3
(b-c)). Finally, to determine whether miR-652-3p can
regulate the migration and invasion of HCC cell lines,
we performed the wound healing assay and Transwell
assay. In the wound healing assay, miR-652-3p mimic
dramatically elevated the migration of Hep3B
(Figure 4(a)) and Huh-7 (Figure 4(b)), while miR-
652-3p inhibitor dramatically inhibited their migra-
tion. Similar results were observed with the Transwell

assay. miR-62-3p mimic enhanced cell migration and
invasion, while miR-652-3p inhibitor had the oppo-
site effect (P < 0.05, Figure 4(c-d)). In conclusion, the
miR-652-3p level can dramatically regulate the cell
function of HCC.

Discussion

HCC accounts for 70%-85% of primary liver can-
cer events. Due to its high recurrence rate and
mortality, the prognosis of patients is not ideal
[20,21]. Although many biomarkers areas provide
the diagnosis and prognosis of HCC, such as
alpha-fetoprotein (AFP), osteopontin, their clinical
value is limited, and the 5-year survival rate of
HCC patients is still bad, so urgently need a new
and effective therapeutic prognostic biomarker or
target to predict or reduce the recurrence and
death of HCC [22]. Although the targeted therapy
of miRNAs in clinical oncology is currently very
limited, the first miRNA-targeted therapy has
recently completed a phase II clinical trial. This
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Figure 3. The level of miR-652-3p regulates cell proliferation of HCC cells. a. Expression level of miR-652-3p was detected after
transfection of miR-652-3p mimics and inhibitors. (**P < 0.01). b. CCK-8 assay to detect the regulation of miR-652-3p on proliferation
(*P < 0.05). c. Colony formation assay was performed to accessed the regulation of miR-652-3p on colony forming ability
(***P < 0.001, compared to mimic NC; ### P < 0.001, compared to inhibitor NC).

shows that miRNA-based clinical treatment has
the great potential [23].

In recent years, miRNA has been involved in
the occurrence and pathogenesis of HCC, provid-
ing the possibility to discover new therapeutic
targets [24-26]. For example, miR-320a-3p inhi-
bits the invasion of HCC by targeting the regula-
tion of c-Myc [27]. Downregulation of miR-205
can regulate the metastasis of HCC [28].

Preliminary studies have confirmed that miR-
652-3p is abnormally expressed in a variety of
human diseases. miR-652-3p was decreased during
cerebral ischemia-reperfusion and protected rats
from oxidative stress injury [29,30]. In human
and rat atherosclerotic plaques, miR-652-3p is up-
regulated and participates in its progression [31].
Osteosarcoma tissue and cell line miR-652-3p are
significantly elevated and are involved in cell
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Figure 4. Wound healing and Transwell assay was used to detect cell migration and invasion. a. Wound healing assay was
performed to explore the migration of Hep3B. b. Wound healing assay was performed to explore the migration of Huh-7. c.
Representative images of miR-652-3p affecting cell migration and statistical results on the number of cell migration. d.
Representative images of miR-652-3p affecting cell invasion and statistical results on the number of cell migration (***P < 0.001,
compared to mimic NG ### P < 0.001, compared to inhibitor NC).

proliferation and migration [32]. miR-652-3p was
remarkedly elevated in tumor tissue of patients
with uveal melanoma [33]. It is worth noting that
Sukata et al. found several abnormal circulating
serum miRNAs closely associated with the pro-
gression of HCC in rats in a 2011 study, among
the up-regulated miRNAs including miR-652-3p
[12], although they later discovered differences in
miRNA levels in tissues and serum. However, we
first detected the levels of miR-652-3p in the tis-
sues of 126 HCC patients and HCC cell lines. The
outcome showed that miR-652-3p was elevated in
HCC tissues and cell lines. To verify these results,

we verified the online databases ENCORI and
a large-scale miRnome screen (Supplementary
Figure). The experimental results confirmed that
miR-652-3p was significantly increased in HCC,
which is consistent with our results.

Analyzing miR-652-3p in HCC patients and its
relationship with clinicopathological characteris-
tics, it is found that the overexpression of miR-
652-3p was significantly related to the clinical
TNM stage and differentiation of HCC patients.
Therefore, we believe that miR-652-3p may be the
oncogene of HCC, delaying the progression of this
malignant tumor. Furthermore, we also found that
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patients with elevated miR-652-3p have a lower
survival rate. And the experimental results sug-
gested that the increase of miR-652-3p expression
level was correlated with poor survival. At the
same time, the consequence of the multivariate
Cox model demonstrated that the elevated miR-
652-3p can be used as an independent prognostic
risk indicator for HCC.

What’s more, through cell function experi-
ments, we studied the role of miR-652-3p in the
progression of HCC. The outcome showed that
overexpression of miR-652-3p could significantly
promote cell proliferation, migration, and inva-
sion. The results confirmed that the elevated
miR-652-3p could promote the tumor progression
of HCC. miRNA plays its specific function by
regulating its target genes, so we try to explore
them. Previous studies have found that Kuppel-
like factor 9 (KLF9) is a potential target gene of
miR-652 and participated in the regulation of pro-
liferation and invasion of osteosarcoma by miR-
652 [32]. And the role of KLF9 in HCC has been
revealed to some extent in previous studies. KLF9
participated in the thyroid hormone triiodothyro-
nine (T3) to inhibit the development of HCC [34].
Moreover, the upregulation of KLF9 inhibits the
proliferation and migration of HCC cells and
induces apoptosis [35], and its ectopic expression
delays the onset of HCC tumors and promotes the
regression of established tumors in vivo [36].
Therefore, based on the above report, we have
reason to suspect that miR-652-3p may affect the
progress of HCC by inhibiting KFL9. However,
this is only our conjecture and further research
and verification are needed. Although studies on
the role of miRNA in the progression of HCC have
been reported and confirmed many times, for
example, miR-125b-2-3p [37], miR-590-3p [38],
and miR-139-5p [39]. However, to our knowledge,
this is the first time to confirm that expression
pattern of miR-652-3p in HCC, and the high
level is associated with clinical progress and may
be involved in the progression of HCC by regulat-
ing the proliferation, migration, and invasion of
HCC cells.

This study has certain limitations. Due to the small
samples size, there was no significant correlation
between the expression level of miR-652-3p and
AFP. Therefore, it is necessary to expand the sample

size for further studies. What’s more, fatty liver is one
of the risk factors of HCC, and changes in HCC
phenotypes play a crucial role in its progression,
However, this study failed to timely explore the
important role of fatty liver and miR-652-3p in
HCC, which is also the main limitation of this study.
This will be taken into account in our further
research.

Conclusion

To make a long story short, we confirmed that
miR-652-3p is an oncogene in HCC, which may
promote the progression of HCC by promoting
cell proliferation, migration, and invasion.
Moreover, miR-652-3p can save as a potential
prognostic marker.

Research highlights

e miR-652-3p was upregulated in both HCC
tissues and cell lines.

e Elevated miR-652-3p is a good indicator of
poor prognosis in HCC patients.

e miR-652-3p promoted the proliferation,
migration, and invasion of HCC cell lines.
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