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miRNA-99a inhibits cell invasion and migration
in liver cancer by directly targeting HOXA1
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Abstract. Liver cancer is a malignant tumor that threatens
human health worldwide. It has poor prognosis rates and inef-
fective therapeutic options. Recently, various miRNAs have
been proven to exert promoting or inhibiting functions in
different malignancies. However, the definitive mechanisms
of miR-99a in liver cancer remain unclear. In the current
study, we explored the relationships between the expression
of miR-99a and HOXA in liver cancer tissues and cells to
explore their combined effects on the occurrence and metas-
tasis of liver cancer. The expression of miR-99a and HOXAI
in liver cancer tissue samples and cells was measured by
RT-qPCR. Following transfection, transwell assays were
conducted to assess the invasion and migration capacities of
liver cancer cells. Subsequently, western blots and luciferase
reporter assays were performed in liver cancer cells to identify
the target of miR-99a. The data indicated that miRNA-99a
expression was significantly reduced in both liver cancer tissue
samples and cells compared with normal tissues and normal
liver cells respectively. By contrast, the HOXAI expression
levels in liver cancer tissues and cells were significantly
increased in contrast to the control group. The findings also
revealed that the miR-99a expression was negatively corre-
lated with HOXAI expression in liver cancer tissue samples
and miR-99a could suppress cell invasion and migration by
targeting HOXA1 in liver cancer.

Introduction

Liver cancer is a leading cause of death worldwide, and its
incidence is high in Asia (1). Approximately 745,500 indi-
viduals succumb to liver cancer annually (2). Currently,
treatment for liver cancer is not satisfactory and generally inef-
fective (3). As the symptoms of liver cancer become evident at
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an advanced stage rendering it a disease that is untreatable by
surgery, only minority of liver cancer patients are amenable
to curative resection. However, due to the high frequency of
metastasis and recurrence, the prognosis of the treated liver
cancer patients remains poor (4). These challenges necessitate
the identification of potential biomarkers and finding of new
targets to design more powerful treatments. In the last decade,
many studies have been devoted to exploring the etiopatho-
genesis of liver cancer.

miRNAs can promote or inhibit gene expression by
recognizing specific binding sites on the target mRNA
3'UTR playing important roles in various types of
cancer (5,6). miRNAs comprise a type of conserved non-
coding RNAs (7)by regulating its direct target mRNA, and
it acts as a crucial post-transcriptional regulator and plays a
critical part in multiple biological processes, including cell
formation, growth, apoptosis and metastasis (8). A growing
number of studies have revealed that miRNAs may be used
as tissue-specific biomarkers for liver cancer. miR-188-5p
was confirmed to suppress cancer cell metastasis and
proliferation via targeting FGF5 directly in hepatocellular
carcinoma (9). miR-345 was reported to inhibit hepatocellular
carcinoma metastasis by inhibiting YAP/ (10), and miR-487a
can promote proliferation and metastasis in liver cancer (11).
Even the significance of different miRNAs in liver cancer
has attracted increasing attention recently. However, the
regulatory mechanism as well as clinical significances of
the majority of miRNAs including miR-99a in liver cancer,
remains unclear.

Homeobox Al (HOXAI), the earliest expressed HOX gene
in mammals, affects numerous cell processes (12). HOXAI
is an oncogene and is overexpressed in several tumors, such
as gastric cancer (13), small cell lung cancer (14) and oral
squamous cell carcinoma (15), and is associated with poor
prognosis. Recently, increasing studies showed that HOXAI
expression was associated with invasion and migration, acting
as a reliable biomarker of cancer (16). However, the molec-
ular mechanism of HOXA/ in liver cancer is still unclear.
TargetScan database analysis showed that HOXAI was a
promising candidate target for miR-99a. The aim of the study
was to investigate the expression and clinical significance
of HOXAI in liver cancer and to identify the correlation of
miR-99a and the molecular targets regulated by miR-99a in
liver cancer.
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Materials and methods

Human tissue specimens. We collected liver cancer tissues
and matched normal tissue samples from 55 liver cancer
patients who underwent surgical treatment in Liaocheng
People's Hospital (Liaocheng, China) between 2015 and 2017.
All the tissues were snap-frozen in liquid nitrogen immedi-
ately and reserved at -80°C. Moreover, all patients involved
in this research offered written informed consents and the
study was approved by the Ethics Committee of Liaocheng
People's Hospital. The clinicopathological characteristics of
liver cancer patients were listed in Table I.

Cell culture. The liver cancer cell lines HepG2 (TCHu72) and
Huh7 (TCHul82) (the Cell Bank of the Chinese Academy
of Sciences, Shanghai, China) were maintained in DMEM
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) in a humidified atmosphere at 37°C containing 5% CO,.
In addition, the DMEM medium contained 10% FBS.

Cell transfection. Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) was applied to transfected miR-99a
mimics or miR99a inhibitor and the corresponding control into
liver cancer cell lines following the manufacturer's protocol.
The transfection efficacy was evaluated 48 h after transfection.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNAs of liver cancer tissue samples and cells were extracted
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). A miScript Reverse Transcription kit (Qiagen Inc.,
Valencia, CA, USA) was used strictly following the manufac-
turer's protocol to reverse transcribe 1 ug RNA of each sample
to cDNA. A miScript SYBR-Green PCR kit (Qiagen Inc.) was
next used to amplify cDNA. The expression of miR-99a and
HOXAI in tissues was normalized to the expression of U6 and
GAPDH, respectively. U6 and GAPDH were used as controls,
and the relative expression was calculated as per the 2444
equation (17). The primers used were shown in Table II.

Transwell assays. Transwell assays were conducted to assess
the invasion and migration abilities of liver cancer cells using
24-well Transwell chambers. Liver cancer cells transfected with
miR-99a mimics or inhibitor were collected and resuspended
with DMEM. Then, the cell suspensions were added into the
upper chamber while medium containing 10% FBS was added
into the bottom chamber. After incubation for 12 h, the cells
adhering to the upper chamber were removed using cotton swabs
completely. The difference between the invasion and migration
assays was the top chamber coated with Matrigel for invasion
assay. Subsequently, the migrated or invaded cells adherent
to the bottom surface were fixed, stained, photographed and
counted. The number of migration or invasion cells was counted
at a magnification of x200 from 5 different random fields.

Western blot analysis. HOXA I protein expression in liver cancer
cell lines with the transfections was measured via western
blots. The transfected liver cancer cells, HepG2 and Huh7, were
lysed using lysis buffer. After centrifugation at 12,000 x g for
20 min at 4°C, a BCA protein assay kit (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) was used to assess the protein
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concentrations. Proteins were separated with 10% SDS-PAGE
and then electrophoretically transferred onto PVDF membrane.
After being blocked in 5% non-fat milk 1 h at room temperature,
the membrane was then incubated with appropriately diluted
primary antibodies [rabbit anti-HOXA1 polyclonal antibody
(1:500; cat. no. ab230513; Abcam, Cambridge, UK) and anti-
GAPDH polyclonal antibody (1:2,500; cat. no. ab9485; Abcam)]
at 4°C overnight. Subsequently, the membranes were incubated
with horse-radish peroxidase-linked secondary goat anti-rabbit
polyclonal antibody (1:2,000; cat. no. ab6721; Abcam) for 1 h.
The enhanced chemiluminescence (ECL-plus, Amersham
Pharmacia Biotech Inc., Piscataway, NJ, USA) method was
used to detect the proteins.

Luciferase assay. For the luciferase reporter assays, liver cancer
cells (HepG2 and Huh7) were co-transfected with miR-99a
mimics and HOXAI-3'UTR-WT or corresponding mutant
reporter with Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.). Forty-eight hours after the transfections, the
cells were collected and the luciferase activities were analyzed
by the GloMax fluorescence reader (Promega Corporation,
Madison, WI, USA).

Statistical analysis. Data from three separate experiments
were presented as mean + standard error (SE). The statistical
analysis was conducted using GraphPad Prism 5 (GraphPad
Software, Inc., La Jolla, CA, USA) and SPSS 18.0 version
(SPSS Inc., Chicago, IL, USA). Correlation between expres-
sion levels of miR-99a and HOXA1 was estimated using the
Pearson's correlation method. Student's t-test was applied in
the present study. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Low expression of miR-99a and overexpression of HOXAI
in liver cancer. The expression of miR-99a and HOXAI in
liver cancer tissue samples and cell lines were measured using
RT-qPCR to determine the function of miR-99a in liver cancer
tumorigenesis. Results revealed that miR-99a expression was
significantly lower in liver cancer tissues than those in matched
benign tissue samples (Fig. 1A). Conversely, the HOXAI
mRNA expression in liver cancer tissue samples was signifi-
cantly higher than the normal tissue samples (Fig. 1B). We
also verified that miR-99a expressions in liver cancer cell lines
(HepG2 and Huh7) were decreased in comparison with the
normal liver cells (Fig. 1C) while HOXA1 expressions in liver
cancer cell lines (HepG2 and Huh7) were increased compared
to the normal cells (Fig. 1D). In addition, statistical analysis
showed that miR-99a expression was negatively correlated
with HOXAI in liver cancer tissues (Fig. 1E). The associa-
tion between the clinicopathological characteristics of 55 liver
cancer patients and miR-99a expression in liver cancer tissue
samples is shown in Table I, showing that miR-99a expression
was significantly associated with TNM stage (P=0.0239) and
BCLC stage (P=0.0116).

miR-99a suppresses the abilities of cell invasion in liver cancer
cell lines. We established miR-99a overexpression models by
transiently transfecting miR-99a mimics into liver cancer cells
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Figure 1. Expression of miR-99a and HOXA1 in liver cancer tissues and cells. (A) RT-qPCR was used to analyze miR-99a expression in liver cancer tissues (n=55)
and matched normal tissues (n=55) (“P<0.01). (B) HOXA1 mRNA expression in liver cancer tissues (n=55) and adjacent normal tissues (n=55) was evaluated
using RT-qPCR (""P<0.001). (C) miR-99a expressions in liver cancer cells (HepG2 and Huh7) were measured using qRT-PCR (“P<0.01). (D) HOXA1 mRNA
expressions were detected using QRT-PCR in liver cancer cells (HepG2 and Huh7) (“P<0.01). (E) Correlation between expression levels of miR-99a and HOXAL.
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Figure 2. miR-99a suppressed the liver cancer cell invasion abilities. (A) miR-99a expression was measured using RT-qPCR in liver cancer cells transfected
with miR-99a mimics or inhibitor, respectively (“P<0.01). (B) The invasion cell numbers of liver cancer cells were counted ('P<0.05, “P<0.01). (C) Cell inva-
sion was observed using the Transwell assay in liver cancer cell lines transfected with miR-99a mimics or inhibitor, respectively.
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Table I. Association of miR-99a expression with the clinico-
pathological characteristics of the liver cancer patients.

miR-99a expression

Clinicopathological ~Cases

characteristics (n=55) High (n=20) Low (n=35) P-value

Age (years) 0.2048
>60 30 11 19
<60 25 9 16

Sex 0.3257
Male 26 8 18
Female 29 12 17

Tumor size (cm) 0.0824
=5.0 28 8 20
<50 27 12 15

TNM stage 0.0239
I-1I 25 15 10
M1 30 5 25

AFP (ng/ml) 0.0620
<20 27 11 16
>20 28 9 19

HBV
Negative 22 7 15 0.0658
Positive 33 13 20

Cirrhosis 0.0587
Yes 33 12 21
No 22 8 14

BCLC stage 0.0116
0-A 21 13 8
B-C 34 7 27

TNM, tumor-node-metastasis; AFP, a-fetoprotein; HBV, hepatitis B
virus; BCLC, Barcelona Clinic Liver Cancer.

to further investigate the function of miR-99a in liver cancer.
The results showed that miR-99a mimics were significantly
upregulated in both HepG2 and Huh7 cells (Fig. 2A). Next,
we investigated the effect of miR-99a on liver cancer cell
invasion. In the cell invasion assays, miR-99a overexpression
suppressed liver cancer cell invasion, whereas miR-99a inhibi-
tion promoted liver cancer cell invasion (Fig. 2B and C).

miR-99a inhibits liver cancer cell migration. To explore the
metastastic function of miR-99a in liver cancer cells, cell
migration assay was performed using Transwell assay. miR-99a
overexpression in HepG2 and Huh7 cell lines contributed to a
significant reduction in cell migration in contrast to the control
group. At the same time, we found that the inhibition of miR-99a
increased HepG2 and Huh7 cell migration (Fig. 3A-C).

HOXAI was a direct target for miR-99a. Targetscan was applied
to identify the putative target of miR-99a. Among all the genes
searched, HOXAI was selected because of its crucial effect on
cell growth. Sequence analysis showed putative binding sites
between miR-99a and HOXAI (Fig. 4A). Luciferase reporter
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Table II. Primer sequences for qRT-PCR.

Primer Sequence
miR-99a F: 5-AGTGTGACGTTGACATCCGT-3'
R: 5-GCAGCTCAGTAACAGTCCGC-3'
[8[) F: 5-CTCGCTTCGGCAGCACA-3'
R: 5-AACGCTTCACGAATTTGCGT-3'
HOXAI F: 5-TCCTGGAATACCCCATACTTAGC-3'
R: 5-GCACGACTGGAAAGTTGTAATCC-3'
GAPDH F: 5-GAGTCAACGGATTTGGTCGT-3'
R: 5-GACAAGCTTCCCGTTCTCAG-3'

gRT-PCR, quantitative real-time reverse transcription-PCR; F,
forward; R, reverse; U6, small nuclear RNA, snRNA; HOXAI,
homeobox A1l; GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

assay was performed on HepG2 and Huh7 cell lines, which
were transfected with miR-99a mimics or miR-control. Then,
the transfected cells were co-transfected with the luciferase
reporters containing WT or MUT of HOXAI 3'UTR, respec-
tively. The results indicated that miR-99a overexpression
inhibited the luciferase activity of the HOXAI-3'UTR-WT
reporter in both HepG2 and Huh7 cells, not affecting the activity
of the HOXAI-3'UTR-MUT reporter (Fig. 4B and C). Moreover,
the western blots indicated that HOX A1 protein expression
was obviously decreased in both HepG2 and Huh7 cells trans-
fected with miR-99a mimics, whereas the protein expression
of HOXA1 was obviously increased in HepG2 and Huh7 cell
lines transfected with miR-99a inhibitor compared with their
respective control group (Fig. 4D). These results suggested that
HOXAI was a direct target for miR-99a in liver cancer cells.

Roles of HOXAI in regulating the miR-99a ability in liver
cancer cell invasion and migration. We also investigated
whether HOXAI was essential in regulating the miR-99a
ability in liver cancer cell invasion and migration. HOXAI
siRNAs were transfected into liver cancer cells to knock down
endogenous HOXAI and RT-qPCR was used to determine the
HOXAI mRNA expression. The findings demonstrated that the
HOXAI expression in liver cancer cells transfected with HOXA 1
siRNAs was reduced significantly compared to the control
group (Fig. 5A). Subsequently, Transwell assays were carried
out to observe the migration and invasion capacities of liver
cancer cells co-transfected with HOXAI siRNAs and miR-99a
inhibitor. From the results, it was evident that deletion of HOXA1
markedly reversed miR-99a-medicated inhibitory effect on cell
invasion and migration in liver cancer cells (Fig. 5B-D).

Discussion

Liver cancer is one of the most lethal cancer types, posing
an increasing burden on global health (18). Currently, studies
on mechanism have focused primarily on liver cancer.
Although liver cancer has been widely researched, the possible
mechanisms involved remain to be elucidated because of its
complexity. Emerging evidence has shown that the two main
biological characteristics of malignant cancers are invasion and
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Figure 3. miR-99a inhibited liver cancer cell migration. The migration cell numbers of (A) HepG2 and (B) Huh7 were counted ("P<0.05, “P<0.01). (C) Cell
migration was detected using the Transwell assays in liver cancer cells transfected with miR-99a mimics or inhibitor.
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metastasis, which affect the prognosis of tumor patients (19).
Accommodative dysfunction of miRNA frequently occurs
in multifarious human tumors, and the aberrant expression
of miRNA often contributes to carcinogenesis by affecting
expression levels of multiple genes (20). Thus, it is valuable to
fully understand the functions of specific miRNAs in the devel-
opment of tumor for the diagnosis and treatment of liver cancer.

Recently, as miRNAs have become crucial regulators in
the development of tumor, the target therapy of tumor using
miRNAs emerges as a fresh diagnostic instrument (21). It has
been reported that miR-99a is involved in various tumors, inter-
vening the processes of cell proliferation, apoptosis as well as
inflammation (22,23). Yang et al verified that miR-99a exerted
a crucial effect on modulating the CSC phenotype of breast
carcinoma mediated via targeting the mTOR/HIF-a signaling
pathway (24). In addition, miR-99a was frequently down-
regulated in ATC and miR-99a overexpression could reduce
oncogenicity through targeting mTOR (25). Although miR-99a
has been identified as a tumor suppressor in various types of
cancer, however, the clear functions of miR-99a together with
HOXAI in liver cancer have not been described yet.

HOXAI is a pivotal transcriptional regulator of early
embryonic development (26). A growing number of studies

have indicated that the aberrant HOXAI expression in
different cancers is involved in the regulation of biological
processes, such as proliferation and apoptosis (27). For
instance, overexpression of HOXAI was found in prostate
cancer cells and silencing of HOXAI suppressed the progres-
sion of prostate cancer (16). HOXAI was found to be a target
of miR-10a in pancreatic cancer, and it was involved in tumor
cell invasion (28). The current study aimed to determine the
relationship between the expression of miR-99a and HOXAI
in liver cancer. The expression of miR-99a and HOXAI was
measured using RT-qPCR, and the results showed that miR-99a
was downregulated, whereas HOXAI was overexpressed in
liver cancer. Additionally, we found that miR-99a expression
negatively correlated with HOXA1 expression in liver cancer
tissues. Moreover, data also showed that miR-99a suppressed
cell invasion and migration through HOXAI in liver cancer.
Collectively, the findings in our study showed that miR-99a
exerted a crucial suppressive effect in liver cancer. First, our data
revealed that the miR-99a expression was significantly decreased
and HOXA I expression was significantly increased in liver cancer
tissues in contrast to the control group. The same result was also
found in the liver cancer cell lines. Second, the Transwell assay
results revealed that miR-99a could suppress liver cancer cell



invasion and migration. In addition, we confirmed that HOXA/
was a direct target of miR-99a. The prevention of tumor progres-
sion observed in this study support the further investigation of
miRNA therapy for liver cancer prevention and treatment.
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