SABP

BIOCHIMICA
POLONICA

Vol. 68, No 2/2021
293-300
https://doi.org/10.18388/abp.2020_5569

Regular paper

Upregulation of miR-1266-5p serves as a prognostic biomarker
of hepatocellular carcinoma and facilitates tumor cell
proliferation, migration and invasion
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Objective: Hepatocellular carcinoma (HCC) is one of the
leading causes of cancer-related death worldwide. This
study aimed to analyze the prognostic value of microR-
NA-1266-5p (miR-1266-5p) in HCC patients and investi-
gate its biological function in HCC progression. Meth-
ods: The expression of miR-1266-5p in tissues and cells
was measured by quantitative real-time PCR (qRT-PCR).
Cell counting kit-8 (CCK-8) assay was used to detect
HCC cell proliferation. Transwell assay was performed
to evaluate the migration and invasion of HCC cells. Ka-
plan-Meier methods and Cox regression analysis were
used to assess the prognostic value of miR-1266-5p in
HCC patients. The relationship between miR-1266-5p
and DAB2IP was evaluated by luciferase reporter assay.
Results: Relative expression of miR-1266-5p in tumor
tissues, tissues from patients with advanced TNM stage
(I-1V) and HCC cells was increased compared with that
in corresponding control group. MiR-1266-5p expression
was significantly associated with tumor size and TNM
stage in HCC patients. Elevated expression of miR-1266-
5p was associated with poor prognosis of HCC patients
and served as an independent prognostic factor for HCC
patients. Overexpression of miR-1266-5p significantly
promoted, while miR-1266-5p knockdown significantly
inhibited the proliferation, migration and invasion of
HCC cells. DAB2IP could directly bind to the miR-1266-
5p. Conclusion: Our findings indicated that elevated ex-
pression of miR-1266-5p can predict the poor prognosis
of HCC patients, and promotes the proliferation, migra-
tion and invasion of HCC cells. Therefore, we predict that
miR-1266-5p may be a novel biomarker and therapeutic
target for the treatment of HCC.
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INTRODUCTION

Hepatocellular  carcinoma (HCC), accounting for
about 90% of primary liver cancer, is the main histo-

logical subtype of liver cancer (Llovet ez al, 20106). Its
incidence and mortality are on the rise worldwide and
it has become a major public health concern (Liang es
al., 2018). The main risk factor for HCC occurrence is
chronic hepatitis B or C virus infection, and other risk
factors include excessive alcohol consumption, various
metabolic disorders (hemochromatosis, porphyria, von
Gierke disease, etc.), environmental exposure (aflatoxin),
and primary biliary cirthosis (Eatrides ez a/, 2017; Wal-
lace et al., 2015). Although surgical resection is curative,
carly detection and therapy are still difficult in most pa-
tients with HCC, and the high recurrence rate of HCC
after surgery leads to poor clinical prognosis (Teng e/ al,
20205 Jiang ez al., 2019). Therefore, it is urgent to explore
effective treatment methods and improve the prognosis
of HCC patients.

MicroRNAs (miRNAs) are small noncoding RNAs
that can regulate gene expression by the suppression of
target mRNA translation and/or promotion of mRNA
degradation (Chava e al, 2020). MiRNAs have been
found to be involved in a variety of cellular processes,
including cell proliferation, migration and invasion of
normal and tumor cells, by regulating the expression of
target genes (Deng ¢# al., 2018; Yang e al., 2018). In ad-
dition, a large number of aberrantly expressed miRNAs
might participate in the occurrence and development of
tumor diseases, might be used in cancer targeted therapy,
and was closely related to the prognosis of patients (Ali-
zadeh e al, 2019; Liu et al, 2018). Thus, miRNAs play
crucial roles in clinical significance and biological func-
tions in different types of tumor diseases. Therefore, the
discovery and exploration of more functional miRNAs is
of great significance for the treatment of human tumor
diseases, including HCC. Some abnormal miRNAs, such
as miR-182-5p (Cao ¢z al, 2018b) and miR-125a-5p (Xu
et al., 2019), have been found to be closely related to tu-
morigenesis and prognosis in HCC. Importantly, a study
on the screening of diagnostic and prognostic markers
for HCC identified upregulated miR-1266-5p expression
in HCC (Lu e# al, 2017). A recent systematic bioinfor-
matics analysis of liver cancer biomarkers demonstrated
the abnormal expression of miR-1266-5p in liver cancer,
which might be associated with the prognosis of HCC
(Shen et al., 2020). However, whether it can serve as an
independent prognostic matker for HCC still needs fur-
ther support from clinical sample data. In addition, in
view of the abnormal expression level of miR-1266-5p in
HCC, it is necessary to further study its biological func-
tion in the progression of HCC, so as to further under-
stand miR-1266-5p and provide new molecular target for
the prognosis and treatment of HCC.
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Therefore, this study detected the expression of miR-
1266-5p in HCC tissues and cells, evaluated its prog-
nostic value in HCC patients and analyzed its biological
function in the progression of HCC by cell experiment.
This study might provide a new biomarker and thera-
peutic target for the treatment of HCC.

MATERIALS AND METHODS

Patients and tissue sample collection

A total of 132 HCC patients who underwent surgical
resection at Affiliated Hospital of Weifang Medical Uni-
versity between 2011 and 2014 were recruited. None of
the patients received any antitumor therapy prior to the
surgery. Tumor tissues of patients were collected during
the surgery and the corresponding normal tissues adja-
cent to the cancer were collected as control group, all of
which were quickly stored in liquid nitrogen at —80°C.
All the tissue samples were identified by histopatho-
logical examination and Tumor Node Metastasis (TNM)
staging was conducted according to the 7th edition of
the American Joint Committee on Cancer (AJCC) cancer
staging manual, including 76 cases of stage I-II and 56
cases of stage III-IV. The demographic and clinical indi-
cators of HCC patients were shown in Table 1, including
age, gender, tumor size, alpha fetal protein (AFP) levels,
cirrhosis and TNM stage. All patients were followed up
by telephone for 5 years, and their survival information
was recorded for subsequent survival analysis. The ex-
perimental procedures of this study were approved by
the Ethics Committee of Affiliated Hospital of Weifang
Medical University and the included patients had signed
informed consent prior to surgery.

Cell culture and cell transfection

A normal hepatocyte cell line .02 and four HCC cell
lines, including Li7, Hep3B, Huh7 and SNU449, were
purchased from Cell Bank of the Chinese Academy of
Science (Shanghai, China). The cell lines were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco,
NY, USA) supplemented with 10% fetal bovine serum
(FBS, Gibco, NY, USA), and maintained in a 5% CO,
atmosphere at 37°C. Then Hep3B and Huh7 cells were
transfected with miR-1266-5p mimic, mimic negative
control (mimic NC), miR-1266-5p inhibitor or inhibi-
tor NC using Lipofectamine 3000 reagent (Invitrogen)
according to the manufacturer’s protocols. After 48 h
of transfection, subsequent cell experiments were pet-
formed.

RNA extraction and quantitative real-time PCR
(qRT-PCR)

Total RNA was extracted from HCC tissues and cells
by TRIzol reagent (Invitrogen, Catlsbad, CA, USA). The
single-stranded cDNA was synthesized by reverse tran-
scription with PrimeScript Reverse Transcriptase reagent
kit (TaKaRa, Shiga, Japan).

Then the expression of miR-1266-5p was measured
by qRT-PCR, which was carried out using SYBR Green
PCR Master Mix (Applied Biosystems, USA) and a 7300
Real-Time PCR System (Applied Biosystems, USA). U6
was used as internal reference of miR-1266-5p, and the
relative expression level of miR-1266-5p was calculated
using 2-44¢ method.

Table 1. Association of miR-1266-5p expression with clinical
characteristics of patients with HCC

miR-1266-5p expression

Features NS' P values
n=132 | ow (n=62) High (n=70)

Age (years)

<50 52 23 29 0.611

> 50 80 39 41

Gender

Female 55 25 30 0.768

Male 77 37 40

Tumor size

(cm)

<5 7 42 29 0.002

>5 61 20 41

AFP

(no/L)

< 400 67 36 31 0.114

> 400 65 26 39

Cirrhosis

No 51 23 28 0.732

Yes 81 39 42

TNM stage

-1l 76 44 32 0.003

-1v 56 18 38

AFP, alpha fetal protein.

Cell counting kit-8 (CCK-8) assay

The proliferation ability of Hep3B and Huh7 cells
was detected using CCK-8 assay. The CCK-8 reagent
contains WSTS8, which is reduced by intracellular de-
hydrogenases to produce an orange yellow formazan
dye that dissolves in the tissue culture medium. The
amount of formazan generated is directly proportional
to the number of viable cells. In this study, the sta-
bly transfected HCC cell lines were seeded in a 96-well
plate at a density of 5X10% cell/well for culture, and 10
pl. CCK-8 reagent was added to the cells and cultured
for 24, 48 and 72 h, respectively. The absorbance at
450 nm was measured using a microplate reader (Bio-
Rad Laboratories, Inc.) to analyze the proliferation abil-
ity of HCC cells.

Cell migration and invasion assay

Transwell assay was performed using Transwell
chambers with 8 m pore size membranes (Corning,
USA) to investigate the effects of miR-1266-5p on cell
migration and invasion. The invasion assay was car-
ried out with the chambers coated with Matrigel, and
the migration assay was carried out with the chambers
without Matrigel. The bottom chamber was DMEM
containing 10% FBS. The stably transfected cells
(5%103 cell/well) were seeded in the upper chamber
with serum-free DMEM. After incubation at 37°C with
5% CO, for 24 h, the cells in the bottom chamber
were stained. The number of migratory or invasive cells
in five randomly selected fields were counted using an
inverted light microscope (Olympus Corporation) with
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Figure 1. Expression of miR-1266-5p in tissues from patients with HCC.
A. Relative expression of miR-1266-5p in tumor tissues and normal controls; B. Relative expression of miR-1266-5p in tissues from pa-
tients with advanced TNM stage (IlI-IV) and early TNM stage (I-l). ***P<0.001 vs. normal controls or tissues from patients with early TNM

stage (I-I).

a magnification of 200X. Each experiment was per-
formed at least three times.

Luciferase reporter assay

To further explore the related mechanisms under-
lying the role of miR-1266-5p in HCC progression,
the binding sequence of DAB2IP to miR-1266-5p was
predicted by using TargetScan (http://www.targetscan.
org/vert_72/). The 3’-UTR sequences of wild-type
WT-DAB2IP and mutant MUT-DAB2IP were cloned
into pmirGLO luciferase reporter vector (Promega,
USA). Synthetic vectors and miR-1266-5p mimics
were co-transfected into Hep3B and Huh7 cells. The
relative luciferase activity was examined after 48 h,
and the results of this analysis were normalized to the
luciferase activity of Rexilla.

Statistical analysis

All data in this study were analyzed using Statistical
Product and Service Solutions (SPSS) 21.0 software
(SPSS, Inc., Chicago, USA) and GraphPad Prism 7.0
software (Inc., Chicago, USA), and were presented as
mean * Standard Deviation (S5.D.). The data of dif-
ferent groups were compared using Student’s t-test
or one-way ANOVA. The comparison between miR-
1266-5p expression and clinicopathological data was
performed by Chi-square test. Kaplan-Meier methods
and log-rank test was used for survival analysis. Cox
regression analysis was used to assess the prognostic
value of miR-1266-5p in HCC patients. Differences
with P<0.05 were considered statistically significant.

Table 2. Cox analysis for miR-1266-5p in HCC patients

Low miR-1266-6p expression, n=62

Cum Survival

High miR-1266-5p expression, n=70

Log Rank P=0.001

.00 |UIUU ZU!UU SUIUU 40!00 EUIUU GUIUU
Time(months)

Figure 2. Kaplan-Meier survival curves for the patients with
HCC.

Patients with high miR-1266-5p expression had shorter survival
time than the patients with low miR-1266-5p expression (Log-
Rank P=0.001).

RESULTS

Expression of miR-1266-5p in tissues from patients with
HCC

The expression of miR-1266-5p was measured by
qRT-PCR. As shown in Fig. 1A, in HCC patients’ the

Univariate analysis

Multivariate analysis

Variables
HR 95% ClI P values HR 95% ClI P values

miR-1266-5p 2.274 1.371-3.208 0.004 2.359 1.462-3.807 <0.001
Age 1.311 0.841-2.087 0.221 1.290 0.836-1.990 0.250
Gender 1.139 0.731-1.709 0.512 1.175 0.755-1.827 0.475
Tumor size 1.496 0.920-2.116 0.087 1.422 0.915-2.210 0.117
AFP 1.199 0.841-1.408 0.113 1.284 0.908-1.865 0.108
Cirrhosis 1.307 0.821-1.956 0.263 1.037 0.667-1.613 0.873
TNM stage 1.931 1.098-3.222 0.009 1.954 1.152-3.417 0.019

HR, hazard ratio; Cl, confidence interval; AFP, alpha fetal protein.
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Figure 4. Overexpression of miR-1266-5p promoted HCC cell proliferation, migration and invasion.
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Hep3B and Huh7 (F-H) cells were all significantly promoted by miR-1266-5p overexpression. *P<0.05, **P < 0.01, ***P<0.001 vs. untrans-
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relative expression of miR-1266-5p was upregulated
in tumor tissues compared with that in correspond-
ing normal tissues adjacent to the cancer (P<0.001).
Besides, the relative expression of miR-1266-5p was
increased in tumor tissues from patients with ad-
vanced TNM stage (III-1V) compared with that in tu-
mor tissues from patients with early TNM stage (I-II)
(Fig. 1B, P<0.001).

Association between miR-1266-5p expression and
clinical characteristics in patients with HCC

The expression level of miR-1266-5p was divided
into high (n=70) and low (n=062) expression groups
using median, and the association between miR-1266-
5p expression level and clinical characteristics of HCC
patients was shown in Table 1. No significant differ-
ences were found between miR-1266-5p expression and
age, gender, AFP and cirrhosis (all P>0.05), while we
found that miR-1266-5p expression was significantly
associated with tumor size (P=0.002) and TNM stage
(P=0.003) of HCC patients.

High miR-1266-5p expression predicted poor survival
prognosis in patients with HCC

As shown in Fig. 2, the Kaplan-Meier sutrvival curves
indicated that patients with high miR-1266-5p expres-
sion had shorter survival time than the patients with
low miR-1266-5p expression (log-rank P=0.001), sug-

gesting that high miR-1266-5p expression was as-
sociated with poor survival in HCC patients. From
the univariate analysis results presented in Table 2,
miR-1266-5p (hazard ratio (HR)=2.274, 95% confi-
dence interval (Cl)=1.372-3.208, P=0.004) and TNM
stage (HR=1.931, 95% CI 1.098-3.222, P=0.009)
were found to be related with the overall survival
of HCC patients. The multivariate COX regression
analysis showed that the expression of miR-1266-5p
(HR=2.359, 95% CI=1.462-3.807, P<0.001) and TNM
stage (HR=1.954, 95% CI=1.152-3.417, P=0.019) were
independently associated with survival prognosis of pa-
tients and were independent prognostic factors for pa-
tients with HCC.

Expression of miR-1266-5p in HCC cell lines

The expression levels of miR-1266-5p were signifi-
cantly increased in four HCC cell lines Li7, Hep3B,
Huh7 and SNU449 compared with that in normal cell
line 1.02 (Fig. 3A, all P<0.05). Then Hep3B and Huh7
cell lines were selected for subsequent cell experiments,
due to the particularly prominent increase of miR-1266-
5p expression level. In Hep3B and Huh7 cells, the
expression level of miR-1266-5p was significantly up-
regulated by miR-1266-5p mimic (Fig. 3B, all P<0.001),
while was significantly downregulated by miR-1266-5p
inhibitor (Fig. 3C, all P<0.001).
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Figure 5. Knockdown of miR-1266-5p inhibited HCC cell proliferation, migration and invasion.
The proliferation of Hep3B (A) and Huh7 (B) cells, the migration of Hep3B and Huh7 (C-E) cells and the invasion of Hep3B and Huh7
(F-H) cells were all significantly inhibited by miR-1266-5p knockdown. *P<0.05, **P<0.01 vs. untransfected cells.
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Figure 6. Direct binding of DAB2IP to miR-1266-5p.

C Huh7

=3 Controls EZA mimic NC B2 miR-1266-5p mimic
1.5

-
°

Relative luciferase activity
=]
o

1ol
°

WT-DAB2IP

MUT-DAB2IP

A. The binding sequences between DAB2IP and miR-1266-5p. In Hep3B (B) and Huh7 cells (C), miR-1266-5p overexpression inhibited the
relative luciferase activity in WT-DAB2IP group, whereas no changes were observed in luciferase activity in MUT-DAB2IP group. *P<0.05

vs. Controls.

Overexpression of miR-1266-5p promoted HCC cell
proliferation, migration and invasion

As shown in Fig. 4A and B, miR-1266-5p overex-
pression significantly promoted the proliferation in both
Hep3B and Huh7 cells (all P<0.05). In addition, miR-
1266-5p overexpression could significantly promote the
migration in both Hep3B and Huh7 cells (Fig. 4C-E, all
P<0.01). Moreover, miR-1266-5p overexpression could
significantly promote the invasion in both Hep3B and
Huh7 cells (Fig. 4F-H, all P<0.001).

Knockdown of miR-1266-5p inhibited HCC cell
proliferation, migration and invasion

To confirm the regulatory effects of miR-1266-5p on
HCC cell biological processes, we explored the changes
of proliferation, migration and invasion in both Hep3B
and Huh7 cells with miR-1266-5p reduction. In both
Hep3B and Huh7 cells, the knockdown of miR-1266-
5p expression could significantly inhibit the proliferation
(Fig. 5A and B, all P<0.05), migration (Fig. 5C-E, all
P<0.01) and invasion (Fig. 5F—H, all P<0.01).

Direct binding of DAB2IP to miR-1266-5p

The binding sequences between DAB2IP and miR-
1266-5p was shown in Fig. 6A. In Hep3B (Fig. 6B) and
Huh7 cells (Fig. 6C), the relative luciferase activity in
WT-DAB2IP group was inhibited by miR-1266-5p over-
expression (all P<0.05), whereas no changes were ob-
served in luciferase activity in MUT-DAB2IP group (all
P>0.05).

DISCUSSION

Many studies have shown that the occurrence and
development of HCC is a complex process involving a
large number of molecular disorders, in which miRNAs
are important components (Han e 4/, 2018). In addition,
with more and more abnormal expression patterns of
miRNAs observed in tumors, the biological functions of
miRNAs in tumors have received more and more atten-
tion (Dassow & Aigner, 2013). For example, Wang and
others (Wang ez al., 2018) found that decreased miR-454-
3p and miR-374b-5p expression was associated with the
low overall survival rate of bladder cancer (BCa) patients
and could suppress the invasion and migration of BCa

cells. The miR-136 expression, which was downregulated
in osteosarcoma (OS) tissues and cells, played important
role in the progression of OS (Chu e al, 2019). A study
by Fan et al. revealed that miR-125a was downregulated
in cervical cancer patients and significantly inhibited the
growth, invasion and metastasis of cervical cancer cells
(Fan e al., 2015). The above studies indicated that miR-
NA was closely related to the progression of cancers.
In the past few decades, some miRNAs with abnormal
expression profiles have been identified to be associated
with the progression of HCC and described as functional
molecules that may be associated with of HCC progres-
sion. For example, the expression of miR-182-5p which
was increased in HCC tissues enhanced the proliferation
and invasion of HCC cells (Cao ¢# al., 2018a). Xu et al.
showed that miR-125a-5p could inhibit the HCC pro-
gression and may be a therapeutic target for HCC pa-
tients (Xu e al, 2019). A study found that miR-200c-5p
expression, decreased in HCC tissues and cells, inhibited
the proliferation, migration, invasion of HCC cells and
might be a therapeutic target for HCC patients (Li ez a/,
2017). Therefore, dysregulated miRNA may play a key
role in HCC progression.

It has been found that miR-1266-5p expression is al-
tered in some other types of cancer. For instance, the
expression of miR-1266-5p was downregulated in tis-
sues and cell lines of prostate cancer (Ostadrahimi ez al,
2018). However, serum miR-1266-5p levels were signifi-
cantly upregulated in psoriasis patients compared to that
in healthy controls (Jinnin, 2015). Thus, the expression
of miR-1266-5p varied with cancer types. Importantly,
studies have reported the elevated expression of miR-
1266-5p in HCC tissues (Lu e/ al, 2017) and liver cancer
(Shen ez al., 2020). In the present study, we measured the
expression of miR-1266-5p by qRT-PCR. Similarly, we
found that the miR-1266-5p expression was upregulated
in tumor tissues compared with that in normal controls,
was upregulated in tissues from patients with advanced
TNM stage (III-IV) compared with that in tissues from
patients with early TNM stage (I-1I), and was upregu-
lated in HCC cell lines compared with that in normal
hepatocyte cell lines. Besides, miR-1266-5p expression
was observed to be significantly associated with tumor
size and TNM stage of HCC patients. Thus, we consid-
ered that miR-1266-5p might be involved in the occur-
rence and development of HCC.
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Considering the upregulation of miR-1266-5p in HCC
tissues and cells, we further explored its prognostic value
in HCC. At present, emerging studies have highlighted
the high prognostic value of miRNAs in human can-
cers (Bertoli et al, 2015; Huang es al., 2018). Addition-
ally, some miRNAs as prognostic biomarkers have been
found in HCC, such as miR-1203 (Shi ¢# 4/, 2020) and
miR-503-5p (Jiang & Li, 2019). Notably, Shen et al. re-
vealed that miR-1266-5p might be significantly related to
liver cancer prognosis (Shen ez al., 2020). Thus, we plot-
ted Kaplan-Meier survival curves, indicating the signifi-
cant correlation between high miR-1266-5p expression
and poor prognosis of patients with HCC. By multivari-
ate COX regression analysis, we found that miR-1266-
5p expression was an independent prognostic factor for
HCC patients.

After studying the clinical significance of miR-1266-5p
in the prognosis of HCC patients, we studied its bio-
logical functions in the progression of HCC through cell
experiments. The results of our study demonstrated that
overexpression of miR-1266-5p significantly promoted,
while knockdown of miR-1266-5p significantly inhibited
the proliferation, migration and invasion of HCC cells.
Consequently, the findings revealed that miR-1266-5p
might have cancer inhibitory effects on the HCC pro-
gression. In addition, the function of miR-1266-5p on
the cell proliferation, migration and invasion has also
been found in prostate cancer (Sun ¢f al, 2019) and cer-
vical cancer (Wang, Liu, ez al, 2018). Notably, we fur-
ther explore the target of miR-1266-5p. We found the
binding sequences between DAB2IP and miR-1266-5p,
and the relative luciferase activity in WT-DAB2IP group
was inhibited by miR-1266-5p overexpression. In addi-
tion, Wang and others (Wang e# a/, 2018) have found
that miR-1266 promoted proliferation, migration and
invasion of cervical cancer cells by targeting DAB2IP.
Moreover, Zhang and others (Zhang ez al., 2012) showed
that low expression of DAB2IP was closely related to
the malignant development and poor prognosis of HCC.
Therefore, we speculated that miR-1266-5p may play an
important role in HCC progression by targeting DA-
B2IP, which is an underlying molecular mechanism.
However, the hypothesis of this molecular mechanism
needs further study to be confirmed. Therefore, a limita-
tion of this study is the lack of a more detailed analysis
of molecular mechanisms, which is the focus of our fu-
ture study. The small study cohort of this study is also
a limitation, and future studies with a large study cohort
are needed. In addition, cell cycle and apoptosis analyses
after transfection were not performed here and will be
studied in future in-depth studies on the relevant mecha-
nisms of miR-1266-5p.

CONCLUSION

In summary, our study indicated that the expression
of miR-1266-5p was increased in HCC tissues and cells,
clevated expression of miR-1266-5p could predict the
poor prognosis of HCC patients and significantly pro-
moted the proliferation, migration and invasion of HCC
cells. Thus, miR-1266-5p may be a novel biomarker and
therapeutic target for the HCC.
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