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h i g h l i g h t s

� MiR-4521 deficiency reversely
correlates with FAM129A
upregulation in HCC.

� MiR-4521 suppresses the in vitro
migration and invasion capacities of
HCC cells.

� FAM129A is a direct and efficient
target of miR-4521 in HCC cell
invasiveness.

� MiR-4521-FAM129A axis regulates
HCC progression and metastasis via
TIMP-1/MMP2/MMP9 and p-FAK/p-
AKT pathway.
g r a p h i c a l a b s t r a c t

Schematic illustration of the miR-4521-FAM129A axis in HCC malignancy. FAM129A negatively corre-
lates with miR-4521, leading to suppressed migration and invasion by the TIMP-1/MMP9/MMP2 and
EMT pathways. miR-4521-FAM129A axial regulation reduces proliferation and induced apoptosis via
the p-FAK/p-AKT/MDM2/P53 and p-FAK/p-AKT /BCL-2/BAX/Cytochrome-C/Caspase-3/Caspase-9 path-
ways, respectively.
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Introduction: Globally, hepatocellular carcinoma (HCC) is the sixth most common malignancy and it has
the fourth highest mortality. MicroRNAs play a significant part in biological processes in cell formation
and advancement by targeting genes in many cancers including HCC.
Objective: In the present study we examine the involvement of miR-4521 and FAM129A correlations in
HCC occurrence and progression.
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Methods: Expression levels of miR-4521 and FAM129A in HCC tissues and cells were detected.
Immunohistochemistry was carried out to detect expression of FAM129A, MMP9 and TIMP-1 in HCC tis-
sues. Western blot assays were used to examine expression levels of different genes involve in signaling
pathways. Transwell chamber, MTT and wound healing assays were performed to check cell migration,
invasion and proliferation rates.
Results: Overexpression of FAM129A positively correlated with upregulation of MMP9 and negatively
correlated with TIMP-1 in HCC patient samples, which encouraged progression and metastasis of HCC.
An antagonistic relation between miR-4521 and FAM129A was detected in current study, down-
regulation of miR-4521 and up-regulation of FAM129A was demonstrated in HCC tissues and cell lines
as compare to normal tissue samples and the normal cell line LO2. Overexpressing miR-4521 and silenc-
ing FAM129A impaired HCC cell migratory and invasive properties and suppressed cell proliferation.
Mutually, miR-4521-FAM129A axial regulation inhibited in vitro proliferation of cells by promoting
apoptosis through the p-FAK/p-AKT/MDM2/P53 and p-FAK/p-AKT/BCL-2/BAX/Cytochrome-C/Caspase-3
/Caspase-9 pathways, respectively, and suppressed the migration and invasion capabilities of HCCLM3
and HepG2 cells via the TIMP-1/MMP9/MMP2 and p-FAK/p-AKT pathway.
Conclusion: Our work found the axial regulation mechanism of miR-4521-FAM129A in HCC. Deficiency of
miR-4521 and abundance of FAM129A synergistically enhanced cancer progression by increasing cell
proliferation and malignant invasion and by inhibiting apoptosis. These discoveries suggest that miR-
4521/FAM129A might play a vital role in hepatic cancer progression and could be a candidate for its
therapy.
� 2021 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Hepatocellular carcinoma (HCC) is the sixth most common type
of malignant cancers worldwide, and ranks as the second highest
cause of cancer related deaths [1–3]. High occurrence of HCC is
reported in South Eastern Asia, Eastern Asia and Sub-Saharan
Africa [4]. Tumor metastasis is a multistep process that can be
divided into other distinct processes including extracellular matrix
(ECM) modulation, invasion, translocation and migration that
eventually form metastatic nodules [5,6]. For improved prognosis
of HCC and for treatment and early diagnosis, in depth study of
the molecular mechanism of HCC metastasis is urgently required.

MicroRNAs are single stranded non-coding RNAs of about
18 ~ 24 nucleotides. Although microRNAs have no coding potential,
they are molecules of interest as they are able to regulate many
biological mechanisms, including cell pathogenesis [7]. MicroRNAs
are reported to be involved in various biological cell functions
including proliferation, apoptosis, metastasis and differentiation
[8,9]. They act as post transcriptional controllers by inhibiting
the translation or by breaking mRNA into fragments [10]. miR-
4521, as a member of the tRNA-derived small RNAs, plays a role
in different cancers including renal cancer [11], breast cancer
[12], esophageal adenocarcinoma [13], pancreatic ductal adenocar-
cinoma [14] and chronic lymphocytic leukemia (CLL) [15]. A recent
study reported that miR-4521 targets FAM129A and acts as a
tumor suppressor in ccRCC advancement through pathways
including BAX, BCL-2, MMP2, MMP9, MDM2, P53 and TIMP-1
[11]. miR-4521 is also considered as a potential diagnostic biomar-
ker in patients with focal cortical dysplasia (FCD) and refractory
epilepsy [16]. It has also been reported that miR-4521 regulates
hepatic fibrosis in humans infected by Schistosoma japoniscum
and shows alteration in expression level in microcystin-LR induced
hepatotoxins [17,18]. But despite this regulation of hepatic fibrosis
and its involvement in MC-LR induced hepatotoxicity in humans,
no other study has been reported on the specific role of miR-
4521 in liver cancer.

Family with sequence similarity 129 Member A (FAM129A),
also known as Niban and C1orf24, is located on chromosome
1q25.3, is expressed in the cytoplasm [19], and was first identified
in renal carcinogenesis of Eker rats [20]. Due to its overexpression,
it is considered as a candidate marker in head and neck squamous
cell carcinoma and squamous dysplasia [21], thyroid carcinoma
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[19], renal carcinoma [11] and prostate cancer [22]. It has been
reported that under UV radiation, phosphorylation of FAM129A
by AKT takes place in human glioblastoma and lung cancer cells,
which results in proteasomal degradation of p53 [23] suggesting
that FAM129A acts as a protector of cell life under stressful condi-
tions. Moreover, it has been shown that induce level of FAM129A
during ER stress may regulate protein translation machineries
and modulate cell death signaling [24].

Our previous study predicted and found that miR-4521 binds to
the 3232–3238 site of FAM129A [11]. In this study we have discov-
ered that FAM129A is overexpressed in HCC patients and is posi-
tively correlated with MMP9 and negatively correlated with
TIMP-1, which promotes HCC progression. In addition, we explored
the expression of miR-4521 and FAM129A in HCC tissue samples
and cells and found an antagonistic relationship between them.
Moreover, the in vitro role of miR-4521 was investigated in detail.
Overexpression of miR-4521 and knockdown of FAM129A results
in reduction of migration, invasion, proliferation and amplification
of apoptosis in HCCLM3 and HepG2 in comparison with the NC
group. miR-4521-FAM129A axis mediated the malignant activities
of HCC cancer cells via the p-FAK/p-AKT pathway. Our findings
reveal that miR-4521 plays an important role as a tumor suppres-
sor in HCC through regulation of FAM129A. miR-4521-FAM129A
axis regulated pathways possibly offer valuable suggestions for
HCC diagnosis and treatment.

Materials and methods

Ethics statement

The studies involving human participants were reviewed and
approved by the Committee of Medical Ethics of Dalian Medical
University, ethical number 014, year 2019. All protocols were car-
ried out according to permitted guidelines and rules. The patients/-
participants provided their written informed consent to participate
in this study.

Tissue samples

27 frozen human HCC tissues and their respective non-tumor
liver tissues (17 male and 10 female patients, 7 patients
aged � 60 and 20 < 60) were collected from the division of Hepa-
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Table 1
Primers used in this study.

Gene Primer Sequence

FAM129A F
R

50-CTCAGCCCTTTGTGGTCCT-30

50-CTCCTGTCGGAAGAATTGCAC-30

ACTB F
R

50-AGGCCAACCGCGAGAAG-30

50AGAGCCTGGATAGCAACGTACA-30

U6 F
R

50-CTCGCTTCGGCAGCACA-30

50-AACGCTTCACGAATTTGCGT-30

F = Forward, R = Reverse.
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tobiliary and Pancreatic Surgery, Department of Surgery, the
Second Affiliated Hospital of Dalian Medical University, Dalian,
China. No patient received any chemo/radiotherapy before surgery.
Tissue samples were well-preserved in liquid nitrogen immedi-
ately after the surgical resection.

Immunohistochemistry (IHC) assay

Expression levels of FAM129A (Proteintech, USA), MMP9
(Proteintech, USA) and TIMP-1 (Proteintech, USA) were determined
by IHC assay in HCC tissue arrays. A biotin-streptavidin horserad-
ish peroxidase (HRP) detection system (ZSGB-BIO, China) was used
to treat samples according to the manufacturer’s guidelines and a
DAB (diaminobenzidine) kit (ZSGB-BIO, China) was used to envi-
sion images using a BX63 microscope (Olympus, Japan). Score I
represents IHC immunoreactive intensity and was classified into
four ranks, 0 (negative), 1 (weak), 2 (moderate) and 3 (strong),
whereas Score II signifies the observed positively stained cells,
and the DAB staining level of each sample was categorized as 0
(none), 1 (1–10% cells per field), 2 (10–50%), 3 (51–75%) and 4
(>76%). The IHC immunoreactivity degree is the product of Score
I and Score II and ranges from 0 to 12. The scores were considered
in following way: 0–2 as negative (�), 3–5 as weak (+), 6–8 as
moderate (++), and 9–12 as strong (+++). Scoring of IHC assays
was done independently by two experienced pathologists.

Cell culture

Human hepatocellular carcinoma (HCC) cells HCCLM3 and
HepG2 and normal liver cell line LO2 were used, and purchased
from the Chinese Academy of Sciences, Shanghai, China. The geno-
typing analysis of two HCC cell lines were performed by extracting
DNA from cells using the genomic extraction kit of Axygen, ampli-
fying by STR amplification protocol, then the STR loci and sex gene
Amelogenin were detected using an ABI 3730xl genetic analyzer.
There were no multiple alleles and mutations found in the two cell
lines. HCCLM3 and LO2 were cultured in Dulbecco’s modified
Eagle’s medium (DMEM), (Gibco, USA) with 10% fetal bovine serum
(FBS) (ExCell Bio, China) and 100U/mL streptomycin (Gibco, USA).
HepG2 was cultured in 85% RPMI-1640 (Gibco, USA) medium sup-
plemented by 15% fetal bovine serum (FBS) (ExCell Bio, China) and
100U/mL streptomycin (Gibco, USA). Cells were incubated in a
humidified incubator at 37 �C with 5% CO2.

Reagents

miR-4521 mimic and its negative control miR-NC were pur-
chased from GenePharma (Suzhou China). FAM129A si-RNA and
its negative control NC-RNA were ordered from RiboBio (Guangz-
hou, China).

Transfection

For the purpose of transfection, miR-4521 mimic with its
miRNA negative control (miR-NC), and small interfering RNA for
FAM129A (si-FAM129A) with negative control (si-NC) were used.
For transfection, 1 mL of HCCLM3 and HepG2 with density of
2x105 cells per mL were implanted in a well of a six-well-plate
for 12 h. At a confluence of ~ 75%, cells were then transfected by
miR-4521 mimics (4 lL), miR-NC (4 lL), si-FAM129A (4 lL) and
si-NC (4 lL) with the concentration of 20 lM in serum free med-
ium with the addition of 4 lL lipofectamineTM 2000 reagent (Invit-
rogen, USA) for 20 min at room temperature. A mixture of 100 lL
transfected cells were continuously incubated at 37 �C with 5% CO2

for 24 h and 48 h. Cells were collected from each group by using
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trypsin-EDTA (0.25%, Gibco, USA) at the respective times and trans-
fection efficiency was measured.

Western blot assay

Total protein extraction was carried out with both groups of
HCCLM3 and HepG2 transfected cells using radioimmunoprecipi-
tation assay buffer (Tris-HCl, 150 mM NaCl, 50 mM,pH 8.0, 1% Tri-
ton X-100, 0.5% sodium deoxycholate, 0.1% SDS in the presence of
1 mM Na3VO4, 1 lg/mL leupeptin and 0.5 mM PMSF). After cen-
trifugation of lysates at 12000 rpm for 15 min at 4 �C, the super-
natant was collected. Using the Bradford assay, equal quantity
(35lg) of each group protein sample was determined for Western
blot assay. The samples were separated by 10% SDS-PAGE after
heating for 5 min in the loading buffer. Electrophoretic transfer
of protein bands was accomplished on a nitrocellulose (NC) mem-
brane (Millipore, Merck), followed by blocking non-specific bind-
ing with skim milk 5% (w/v), (BD, USA) with TBST (pH 7.5, 0.1%
Tween-20, 50 mM Tris and 100 mM NaCl), for 2 h at RT and then
incubating overnight with shaking at 4 �C with primary antibodies.
The primary antibodies used were FAM129A (1:800, Proteintech,
Cat#21333–1-AP, USA), GAPDH (1:4000, Proteintech, Cat#10494–
1-AP, USA), TIMP-1(1:1000, Proteintech, Cat#16644–1-AP, USA),
MMP2 (1:500, Proteintech, Cat#10373–2-AP, USA), MMP9 (1:500,
Proteintech, Cat#10373–2-AP, USA), MDM2 (1:500, Proteintech,
Cat#19058–1-AP, USA), P53 (1:500, Proteintech, Cat#21891-1AP,
USA), BCL-2 (1:1000, Proteintech, Cat#12789–1-AP, USA) and
BAX (1:1000, Proteintech, Cat#50599–2-Ig, USA), Caspase-9
(1:1000, Abcam, Cat#ab185719, USA), p-FAK (1:500, Cell Signaling
Technology Cat#3283, USA), Cytochrome-C (1:1000, Proteintech,
Cat#10993–1-AP, USA), Caspase-3 (1:1000, Cell Signaling Technol-
ogy Cat#9662, USA), p-AKT (1:500, Cell Signaling Technology
Cat#9271, USA), E-cadherin (1:1000, Proteintech, Cat#20874–1-
AP, USA), N-cadherin (1:1000, Proteintech, Cat# 22018–1-AP,
USA), Snail (1:1000, Proteintech, Cat# 13099–1-AP, USA), Vimentin
(1:1000, Proteintech, Cat# 10366–1-AP, USA). TBST was used to
wash the membrane for 3 � 10 min. Later the secondary antibodies
were introduced onto the membrane, incubated for 2 h, and then
washed again for 3 � 10 min with TBST. Bands of protein were
envisioned through ECL (Avanta, USA) and analyzed by the Bio-
Rad ChemiDocTM MP system (Bio-Rad, USA). The unpaired Stu-
dent’s t-test and ANOVA were carried out to calculate differences
between groups.

Quantitative real-time RT-PCR (qRT-PCR) assay

TrizolTM reagent (Invitrogen, USA) was used for total RNA
extraction from each group of cells. Then, the cDNA reverse tran-
scription was performed using EasyScript� RT/RI Enzyme Mix
and gDNA Eraser kit (TransGen Biotech, China). qRT-PCR was car-
ried out using SYBR Green Master (ROX) (Roche, USA) with an
Applied Biosystems StepOneTM Real-Time PCR System (Applied
Biosystems, USA). snRNA U6 and b-actin (ACTB) were used as inter-
nal references for miR-4521 and mRNA levels of FAM129A, respec-
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tively. The 2-DDCT method was used for analyzing relative levels of
molecules of interest. Primer sequences designed for FAM129A and
ACTB and U6 are provided in Table 1.

Migration and invasion assay

In vitro migration. Migratory capabilities of HCCLM3 and HepG2
cells were studied using a 24-well-plate Boyden chamber assay.
Approximately 1 � 104 HCCLM3 and HepG2 cells in 200 lL
serum-free DMEM and RPMI-1640, respectively, were seeded onto
the superior section of a transwell chamber with a polycarbonate
filter unit (pore size 8 lm, Corning, USA). Chambers were then
fixed into 24-well plates containing of 600 lL DMEM or RPMI-
1640 accompanied with 20% FBS and then incubated at 37 �C with
5% CO2 for 24 h.

In vitro invasion. The chambers were layered by 50 lL ice cold
extracellular matrix gel (ECM, Sigma, USA) with a dilution factor
of 1:39 with DMEM for HCCLM3 and RPMI-1640 for HepG2 cells,
respectively, and incubated for 1 h at 37 �C. 1 � 104 cells were
sown into the upper chamber of the transwell with 200 lL
serum-free medium. The chambers were then fixed into 24-well
plates containing 600 lL DMEM or RPMI-1640 with 20% FBS, and
incubated for 24 h at 37 �C with 5% CO2. After 24 h, the non-
invaded cells at the surface of the insert were detached using a
swab, and invaded cells on the lower surface were stained with
0.5% crystal violet for 1 h, and then fixed with 100% methanol for
30 min before washing with PBS and counting using an upright
light microscope (Olympus, Japan). The differences in triplicate
experiments between miR-NC, miR-4521 mimic, si-NC and si-
FAM129A were analyzed by using the unpaired Student’s t-test.

Cell proliferation and clonogenic assay

Cell proliferation rates were investigated by MTT assay. The
transfected cells from each group were sown into a 96-well plate
at 3 � 03 cells/well in 100 lL RPMI-1640 supplemented with 15%
FBS per well for HepG2 and 3 � 103 cells in DMEM supplemented
with 10% FBS per well for HCCLM3, incubated with 5% CO2 at 37 �C
for 24, 48, 72 and 96 h separately. MTT reagent (5 mg/mL) was
used following the manufacturer’s protocol (Coolaber, Beijing,
China) to treat each group for 4 h in darkness, and then replaced
by 150 lL DMSO to diffuse formazan crystals. Finally, absorbance
was measured at 492 nm by means of a microplate reader
(Thermo, USA) for cell density quantification. The variances from
different experiments between miR-NC, miR-4521 mimic, si-NC
and si-FAM129A groups were interpreted using the unpaired Stu-
dent’s t-test. Graphs are presented as absorbance versus time.

Colony formation aptitude was measured using 1000 dissociated
cells in 2 mL RPMI-1640 supplemented with 15% FBS for HepG2
and 2 mL DMEM with10% FBS for HCCLM3 were seeded into six-
well plates and kept at 37 �C with 5% CO2 for 14 days. When colo-
nies appeared, they were fixed with 100% methanol (AR, Sigma,
USA) for half an hour. The colony number in each well was counted
after dying with 0.1% crystal violet. Triplicate experiments were
performed for all groups.

Wound healing assay

After 24 h of transfection, the cells were allowed to grow to 80–
90%. Then a linear perpendicular scratch wound was drawn with a
200 lL sterile pipette tip on the monolayer of cells, and the super-
natant and debris were removed by PBS wash. To envision wander-
ing cells, images were taken at 0, 24, and 48 h after scratching and
the gap distance between miR-NC/miR-4521 and si-NC/si-
FAM129A was measured and quantified using the ImageJ software.
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Unpaired Student’s t-test was applied to interpret difference
between mean ± standard deviation of three different experiments.
Graphs are presented as wound closure % versus time.
Immunofluorescence assay

HCCLM3 cells were transfected with miR-NC/miR-4521 mimics
and si-NC/si-FAM129A. Each group contained 2x104mL cells with
10% FBS DMEM. After 24 h of transfection, cells were fixed using
4% formaldehyde for 20 min at RT and blocked with 0.3% bovine
serum albumin for 1 h to avoid non-specific binding. Incubation
with FAM129A primary antibody (1:800, Proteintech, USA) was
at 4 �C overnight in the dark. Then PBS was used to wash the cells
and they were incubated with secondary antibody for 1 h in the
dark at RT. Then 200 mL of 40, 6-diamidino-2-phenylindole (DAPI),
with concentration of 10 mg/mL, was used to dye HCCLM3 cells
in the dark for 20 min at RT. Finally, an Olympus Bx3 upright flu-
orescence microscope was used to take images.
Statistical analysis and data processing

The data were processed as mean ± standard deviation for three
independent experiments. A Student’s t test was used to calculate
the difference between two groups. To calculate the differences
from more than two groups, the one-way ANOVA test was exe-
cuted. For IHC Chi-square and spearman rank correlation test was
used. Overall data interpretations were achieved with SPSS (ver-
sion 16.0, SPSS Inc.) and Graph pad prism 6.0. P � 0.05 was consid-
ered as a standard of statistical significance value.
Results

MiR-4521 negatively regulates with FAM129A in HCC tissues and cells

To study the contributions of miR-4521 and FAM129A in the
progression of hepatocellular carcinoma, we investigated the levels
of expression of miR-4521 and FAM129A in tumorous tissues in
comparison with their adjacent non-tumor tissues, as well as in
HCC cells (HCCLM3 and HepG2) compared with a normal liver cell
line LO2. qRT-PCR assay data showed a significantly lower level of
miR-4521 in HCC tissues as compared to normal non-tumorous
tissues (P = 0.0011, Fig. 1A), downregulation of miR-4521 was
not significantly related to age and gender, while more deficiency
of miR-4521 was observed in patients with advanced TNM stages.
FAM129A mRNA levels were considerably higher in tumorous tis-
sues compared to non-tumorous tissues (P = 0.0345, Fig. 1B).
Upregulation of FAM129A was related to patient’s TNM stages
(P = 0.0298) but not related to age and gender (P > 0.05). Moreover,
FAM129A levels increases in patients with T3-4 stages as com-
pared to patients with T1-2 stages. In addition, our statistical anal-
ysis showed a negative correlation between abridged miR-4521
and overexpressed FAM129A expression levels in HCC patients’
tumorous tissues (P < 0.0001, Fig. 1C).

To further confirm the relationship in HCC cells, qRT-PCR and
western blot analyses were carried out. The expression level of
miR-4521 mRNA was notably reduced in HCCLM3 and HepG2 cells
compared with LO2 (P = 0.0018, Fig. 1D). Consistent with patient
tissues data, the mRNA levels of FAM129A were also elevated in
HCCLM3 and HepG2 cells compared to LO2 (P = 0.0042, Fig. 1E).
In accordance, FAM129A protein levels were detected higher in
HCCLM3 and HepG2 cells than LO2 (P = 0.0251, Fig. 1F), respec-
tively. These results suggest an inverse correlation between the
expressions of miR-4521 and FAM129A.



Fig. 1. miR-4521 and FAM129A expressions in HCC tissues and cell lines. (A and B) miR-4521 was downregulated and FAM129A was upregulated in HCC tumorous tissues
compared with adjacent normal tissues with statistical significance (P = 0.0011, P = 0.0345) through the unpaired Student’s t-test analysis with a mean ± SD of 27 cases. (C)
miR-4521 downregulation and FAM129A upregulation in HCC tumorous tissues were inversely correlated (P < 0.0001) using the Spearman correlation test. (D) miR-4521
mRNA was downregulated in HCC cells compared with LO2 cells. (E) FAM129A mRNA and (F) protein levels were increased in HCC cells compared with LO2 cells. ANOVA test
was employed for difference analysis. (G) Negative and positive expression of FAM129A, MMP9 and TIMP-1. *, ** and *** denote P values below 0.05, 0.01 and 0.001.
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FAM129A overexpression is associated with HCC development and
progression in tumorous tissues

A tissue microarray consisting of 208 HCC tumorous tissues was
used to identify the expression patterns of FAM129A, MMP9 and
TIMP-1. As shown in Table 2, expression of FAM129A and MMP9
was low in 62 (29.8%) and 61 (29.3%) samples with immunoreac-
tivity -/+, and high in 146 (70.1%) and 147 (70.6%) samples with
++/+++ immunoreactivity, respectively, whereas expression of
TIMP-1 was low in 132 (63.4%) samples and high in 76 (36.5%)
samples. The overall trend showed high expressions of both
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FAM129A and MMP9 and low TIMP-1expression. The correlation
in expression of FAM129A, MMP9 and TIMP-1 with clinicopatho-
logic parameters of HCC patients was further studied in detail by
using chi-Square test as shown in Table 3. High expression of
FAM129A, MMP9 and low expression level of TIMP-1 was not
related to patient age or gender, however, expressions of FAM129A
and MMP9 were significantly related in T4vsT1 and T2vsT4
(P < 0.05), whereas expression of TIMP-1 was associated with
Edmonson grade (IIIvsI, P = 0.05). In addition, FAM129A and
MMP9 showed more positive and higher expression in tissue sam-
ples with advance stages and Edmonson grades whereas TIMP-1



Table 3
IHC assay of clinical association of FAM129A, MMP9 and TIMP-1 with HCC progression and metastasis.

FAM129A MMP9 TIMP-1
Total � + ++ +++ P � + ++ +++ P � + ++ +++ P

Age �60 39 4 8 24 3 4 8 24 3 4 20 11 4
<60 169 6 45 87 31 0.101 7 41 90 31 0.170 29 81 45 14 0.754
Total 208

Gender Male 171 6 43 91 31 8 38 95 30 25 84 46 16
Female 37 3 10 20 4 0.470 3 11 19 4 0.474 8 15 12 2 0.549
Total 208

T1 12 2 2 8 0 2 2 7 1 3 6 2 1
T1 VS T2 T2 120 5 35 68 12 0.157 5 33 66 16 0.269 16 55 36 13 0.613

T2 120 5 35 68 12 5 33 66 16 16 55 36 13
T2 VS T3 T3 60 2 15 28 15 0.070 4 14 33 9 0.838 11 27 18 4 0.704

T3 60 2 15 28 15 4 14 33 9 11 27 18 4
T3 VS T4 T4 16 0 0 9 7 0.098 0 0 8 8 0.008 3 11 2 0 0.266

TNM Stage T4 16 0 0 9 7 0 0 8 8 3 11 2 0
T4 VS T1 T1 12 2 2 8 0 0.013 2 2 7 1 0.005 3 6 2 1 0.585

T3 60 2 15 28 15 4 14 33 9 11 27 18 4
T3 VS T1 T1 12 2 2 8 0 0.063 2 2 7 1 0.628 3 6 2 1 0.810

T2 120 5 35 68 12 5 33 66 16 16 55 36 13
T2 VS T4 T4 16 0 0 9 7 0.001 0 0 8 8 0.001 3 11 2 0 0.164

I 40 0 14 19 7 1 13 22 4 6 15 14 5
I VS II II 129 6 31 75 17 0.367 8 28 71 22 0.356 15 62 40 12 0.685

Edmonson Grade II 129 6 31 75 17 8 28 71 22 15 62 40 12
II VS III III 39 1 6 20 12 0.073 1 7 24 7 0.758 9 21 9 0 0.065

III 39 1 6 20 12 1 7 24 7 9 21 9 0
III VS I I 40 0 14 19 7 0.248 1 13 22 4 0.441 6 15 14 5 0.053

Table 2
IHC assay of expressions of FAM129A, MMP9 and TIMP-1 in 208 patient samples.

Protein Group Total - + ++ +++

FAM129A Tumorous Tissue 208 9 53 111 35
MMP9 Tumorous Tissue 208 11 50 113 34
TIMP-1 Tumorous Tissue 208 33 99 58 18

Negative (�), Weak (+), Moderate (++), Strong (+++).
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expression was stronger in initial TNM stages and Edmonson
grades. These results imply that high expression of FAM129A and
MMP9 positively correlates with TNM stage and Edmonson grade
in HCC samples while the expression level of TIMP-1 decreases in
higher TNM stages and Edmonson grades. To further investigate
the role of FAM129A in HCC progression we analyzed the inter-
correlations between FAM129A, MMP9 and TIMP-1. As shown in
Table 4, a positive correlation was found between FAM129A and
MMP9 (P = 0.0001, r = 0.545) while a significant negative correla-
tion was observed for FAM129A and TIMP-1(P = 0.0001,
Table 4
Expression correlations of FAM129A with MMP9 and TIMP-1, and MMP9 with TIMP-1.

�
FAM129A
+

� 4 7
MMP9 + 4 24

++ 1 20
+++ 0 1

�
TIMP-1
+

� 2 0
MMP9 + 9 14

++ 14 69
+++ 8 16

�
FAM129A
+

� 1 10
TIMP-1 + 1 13

++ 1 19
+++ 6 10

Positive correlation between FAM129A and MMP9 whereas FAM129A and MMP9 are ne
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r = -0.333) and MMP9 and TIMP-1(P = 0.0001, r = -0.325). These
findings indicate the clinical possibility of FAM129A facilitating
HCC progression and metastasis via a positive correlation with
MMP9 and a negative correlation with TIMP-1.
MiR-4521 overexpression suppresses FAM129A expression in HCC cells

Additionally, to investigate whether miR-4521 deregulation dis-
turbs FAM129A expression in HCCLM3 and HepG2 cells, we
observed that transient transfection of miR-4521 mimic leads its
++ +++ Total P and r

0 0 11
20 1 49 P = 0.0001
78 15 114 r = 0.545
15 18 34

++ +++ Total P and r
2 7 11
16 10 49 P = 0.0001
30 1 114 r = �0.325
10 0 34

++ +++ Total P and r
11 11 33
69 16 99 P = 0.0001
31 7 58 r = �0.333
2 0 18

gatively correlated with TIMP-1.
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expressions to increase 14771- and14893-fold inHCCLM3cells, and
70617- and170168-fold inHepG2cells at 24h and48h, respectively
(Fig. 2A). Overexpression of miR-4521 affects FAM129A mRNA
Fig. 2. miR-4521 overexpression reduced FAM129A expression in HCC cells. (A) Overex
mRNA expression decreased in miR-4521 overexpressing HCCLM3 and HepG2 cells. (C) FA
HepG2 cells. (D) Immunofluorescence assay of FAM129A expression pattern alterations
shown as mean ± SD. The Unpaired Student’s t-test analysis was used to show differenc
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levels, which were reduced by 37% (P = 0.0019) and 41.4%
(P = 0.030) in HCCLM3 and by 24% (P = 0.0224) and 47.8%
(P = 0.0026) in HepG2 cells at 24 h and 48 h (Fig. 2B), respectively.
pression of miR-4521 in HCCLM3 and HepG2 cells at 24 h and 48 h. (B) FAM129A
M129A protein expression level changes by miR-4521 overexpressing HCCLM3 and
in HCCLM3 cells. For each assay three different experiments were performed and
es. *, **, *** and **** indicate P values < 0.05, 0.01, 0.001 and 0.0001, respectively.
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Western blots were performed to measure protein levels of
FAM129A. miR-4521 upregulation resulted in reduction of protein
expression levels of FAM129A in HCCLM3 by 45% (P = 0.0034) and
35% (P = 0.0149), whereas in HepG2 diminishing FAM129A expres-
sions of 41.6% (P = 0.0178) and 51% (P = 0.0054) were observed at
24 h and 48 h (Fig. 2C). Moreover, immunofluorescence staining
assays further confirmed lower and poor expression of FAM129A
Fig. 3. miR-4521 overexpression on the bio-behaviors of HCCLM3 and HepG2. Overexpre
HCCLM3 and (C and D) HepG2 cells. (E and F) Transwell chamber assays showed that over
in vitro. (G and H) Wound healing assays showed lowmotility rates of cells transfected w
of 3 individual experiments for each assay are shown as mean ± SD. The unpaired Studen
below 0.05, 0.01 and 0.001.
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in HCCLM3 cells treated with miR-4521 mimics (Fig. 2D). These
results suggest that miR-4521 upregulation significantly reduces
the mRNA as well as the protein levels of FAM129A in miR-4521
mimic transfected cells compared to miR-NC. These findings col-
lectively suggest that miR-4521 negatively regulates FAM129A
through direct binding in HCC.
ssed miR-4521 decreased the colony forming and proliferation abilities of (A and B)
expression of miR-4521 reduced migration and invasion of HCCLM3 and HepG2 cells
ith miR-4521 mimic compared with miR-NC HCCLM3 and HepG2 cells. The statistics
t’s t-test analysis was used to determine the variances. *, **and *** refer to P values
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Overexpressed miR-4521 reduces HCC progression in vitro

To further determine the role of miR-4521 in HCC, miR-4521
mimic was introduced into HCC cells (HCCLM3 and HepG2) to
investigate its effects on in vitro cell activities. miR-4521 overex-
pression adversely affected colony-formation abilities in HCCLM3
and HepG2 cells. The clonogenic formation assay revealed the
number of colonies formed for miR-4521 mimic transfected
HCCLM3 was 221 ± 23, decreased by about 36.9% from that
(349 ± 24) of miR-NC-transfected group cells (P = 0.0026,
Fig. 3A). At the same time, the colony-forming capacity decreased
through the overexpressed miR-4521 in HepG2 cells by 29% (col-
ony number decreased from 370 ± 44 to 263 ± 40, P = 0.0372,
Fig. 3C). Furthermore, miR-4521 overexpression decreased the size
of colonies in HCCLM3 and HepG2 cells.

To measure the rate of proliferation in hepatic cancer, MTT
assay was then executed. The results showed that overexpressing
miR-4521 significantly decreased proliferation in HCCLM3 by
16.9% (P = 0.0325), 18.0% (P = 0.0264) and 14.5% (P = 0.0014) at
48, 72 and 96 h (Fig. 3B) and in miR-4521 mimic transfected
HepG2 cells the proliferation rate decreased by 16.7%
(P = 0.0067), 17.7% (P = 0.0066), 19.1% (P = 0.0041) and 20%
(P = 0.0051) at 24, 48, 72 and 96 h (Fig. 3D), respectively.

To further investigate the effect of miR-4521 upregulation on
the migration and invasion aptitudes of HCCLM3 and HepG2 cells,
Boyden transwell assays were used. miR-4521 overexpression
abridged the migration, invasion and motility abilities of HCCLM3
and HepG2. As a result of miR-4521 overexpression, the quantity of
average migrated cells per field was reduced from 204 ± 18.0 to
132 ± 9 for HCCLM3 cells (P = 0.0034, Fig. 3E), and from 230 ± 34
to 103 ± 8 for HepG2 cells (P = 0.003, Fig. 3F). Dependably, the
mean number of invaded cells/field was reduced from 197 ± 24
to 108 ± 7 for HCCLM3 cells (P = 0.0034, Fig. 3E), and from
357 ± 21 to 187 ± 12 for HepG2 cells (P = 0.0003, Fig. 3F). Our data
suggest tumor-suppressive features of miR-4521 in HCC tumorige-
nesis and suppression of the migrative and invasive capabilities of
HCCLM3 and HepG2.

In addition, comparative cell motility was determined based on
wound closure percentages. The wound healing assay exposed the
low motility rate of cells transfected with miR-4521 mimic at 0, 24
and 48 h. As shown in Fig. 3G, the percentages of wound closures
for miR-NC transfected HCCLM3 group cells were 46% (0.46 ± 0.03)
and 72% (0.72 ± 0.011) at 24 and 48 h, while those for miR-4521
mimic transfected HCCLM3 group cell decreased to 31% (0.312 ± 0.
016, P = 0.0024) and 61% (0.602 ± 0.031, P = 0.0026). The wound
closure percentages for miR-NC-transfected HepG2 cells were
13% (0.12 ± 0.036), and 50% (0.502 ± 0.026), at 24 h and 48 h, while
those for miR-4521 mimic transfected HepG2 group cells were 5%
(0.046 ± 0.009, P = 0.0198) and 30% (0.308 ± 0.007, P = 0.0002,
Fig. 3H), respectively. These results signify that miR-4521 acts as
a tumor suppressor in hepatic cancer development and metastasis.
Knockdown of FAM129A decreased the migratory properties of
HCCLM3 and HepG2 cells

To investigate the biological role of FAM129A in HCC, we first
downregulated FAM129A with si-FAM129A in comparison with
si-NC transfected HCCLM3 and HepG2 cells. The expression levels
of FAM129A protein were reduced by 54% (P = 0.003) and 42%
(P = 0.0109) in HCCLM3 (Fig. 4A) and by 27% (P = 0.0468) and
57% (P = 0.0078) in HepG2 cells (Fig. 4B) at 24 and 48 h, respec-
tively. Consistently, mRNA levels of FAM129A were reduced to
55% (P = 0.0003) and 22% (P = 0.0136) in HCCLM3 and 23%
(P = 0.0246) and 49% (P = 0.0031) in HepG2 cells transfected with
si-FAM129A as compared to si-NC (Fig. 4C and 4D). Immunofluo-
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rescence staining assays showed poor and fuzzy expression of
FAM129A in HCCLM3 cells transfected with si-FAM129A (Fig. 4E).

For si-FAM129A-transfected HCCLM3 and HepG2 cells, the
knockdown of FAM129A abridged their colony-forming and prolif-
eration abilities, compared with the si-NC transfected group.
Clonogenic formation assay revealed that the number of colonies
formed for si-transfected HCCLM3 group cells was 254 ± 36, which
was a reduction of about 32% of that (374 ± 59.0) for si-NC-
transfected group cells (P = 0.0407, Fig. 4F). Consistently, the
colony-forming capacity was diminished through the si-
FAM129A knockdown in HepG2 cells by 50% (colony number
declined from 286 ± 18 to 141 ± 52, P = 0.0105, Fig. 4H). Further-
more, lower colony sizes were observed for both HCCLM3 and
HepG2 cells.

The MTT assay was then carried out to measure the prolifera-
tion rate of HCC cells. The rate of proliferation of si-FAM129A-
transfected HCCLM3 and HepG2 cells was significantly decreased
by 13.4% (P = 0.0012), 17.5% (P = 0.0005) and 18.5% (P = 0.0005)
and by 17.9% (P = 0.0051), 23.7% (P = 0.0024) and 19.4%
(P = 0.0045) at 48, 72 and 96 h (Fig. 4G and 4I), respectively.

To further investigate the function of FAM129A in HCC, the
migration, invasion and motility abilities of HCCLM3 and HepG2
cells were explored. As a result of knockdown of FAM129A, the
average number of migrated cells/field was reduced from
497 ± 87 to 275 ± 33 for HCCLM3 cells (44.6%, P = 0.0147, Fig. 4J)
and from 360 ± 69 to 200 ± 20 for HepG2 cells (44.5%, P = 0.018,
Fig. 4K). The average number of invaded cells/field was reduced
from 478 ± 42 to 257 ± 51 for HCCLM3 cells (46.3%, P = 0.004,
Fig. 4J), and from 459 ± 54 to 263 ± 17 for HepG2 cells (42.6%,
P = 0.003, Fig. 4K).

In addition, the comparative cell motility was determined based
on wound closure percentage in si-FAM129A-transfected HCCLM3
and HepG2 cells at 0, 24 and 48 h, respectively. As shown in Fig. 4L,
the percentages of wound closures for HCCLM3 si-NC transfected
group cells were 14% (0.142 ± 0.033) and 32% (0.317 ± 0.012) at
24 and 48 h, while those for si-FAM129A transfected HCCLM3
group cells were decreased to 6% (0.05 ± 0.038, P = 0.0463) and
17% (0.168 ± 0.062, P = 0.0155). The wound closing percentages
for the si-NC group of HepG2 cells were 20% (0.196 ± 0.02) and
31% (0.306 ± 0.024) at 24 and 48 h, while those for si-FAM129A
transfected HepG2 group cells were 9% (0.093 ± 0.012,
P = 0.0047) and 25% (0.247 ± 0.012, P = 0.0208, Fig. 4M). These
results indicate that si-FAM129A has a suppressive effect in hep-
atic cancer metastasis.

Deregulation of miR-4521 mediates HCC malignancy via the TIMP-1/
MMP9/MMP2 and p-FAK/p-AKT pathway in vitro

The results above have already shown that FAM129A expres-
sion levels are negatively regulated through miR-4521. For further
validation we explored the axial regulation mechanism through
WB assays. We found the protein expression levels of p-FAK
(Tyr397) and p-AKT (Ser473), the downstream molecules of FAK
signaling pathway, were decreased by 34% (P = 0.0119) and 49%
(P = 0.002) in HCCLM3 cells and by 39% (P = 0.0336) and 44%
(P = 0.0031) in HepG2 cells transfected with miR-4521 mimic com-
pared with miR-NC (Fig. 5A). To gain a mechanistic picture of the
potential role of miR-4521, the expression level of Snail and EMT
markers were measured in HCCLM3 and HepG2 cells treated with
miR-4521 mimic. As shown in Fig. 5B the expression level of Snail,
N-cadherin and Vimentin decreased by 30% (P = 0.0446), 35%
(P = 0.003) and 46% (P = 0.0245) in HCCLM3 and by 57%
(P = 0.0068), 53% (P = 0.0087) and 18% (P = 0.0319) in HepG2 cells
as compared to miR-NC, while E-cadherin increased 33.3%
(P = 0.0387) and by 42.6% (P = 0.0152) in miR-4521 mimic trans-
fected HCCLM3 and HepG2 cells (Fig. 5B), respectively. To further



Fig. 4. Knockdown of FAM129A inhibits in vitro malignant activities of hepatic cancer. (A and B) WB analysis of FAM129A protein expression levels in cells transfected with
si-FAM129A compared with si-NC. (C and D) mRNA expression levels of FAM129A in HCCLM3 and HepG2 cells transfected with si-FAM129A compared with si-NC. (E)
Immunofluorescence assays show FAM129A expression in HCCLM3 cells transfected by si-NC/si-FAM129A. (F and G) Colony formation assays and proliferation assays show
that transfection of the siRNA of FAM129A significantly reduces colony formation and proliferation of HCCLM3 and (H and I) HepG2 cells, respectively. (J and K) The migration
and invasion were determined by Transwell chamber assays for HCCLM3 and HepG2 cells followed by knockdown of FAM129A. (L and M) Wound healing assays showed
decreased motility rate in si-FAM129A transfected HCCLM3 and HepG2 cells compared with si-NC. For each assay three different experiments were performed and presented
by mean ± SD and to show difference Unpaired Student’s t-test was used. P < 0.05, 0.01and 0.001 are denoted by *, **and ***.
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Fig. 5. MiR-4521 overexpression regulates malignant properties of HCC cells by the p-FAK/p-AKT pathway. (A) Expression levels of p-FAK and p-AKT, (B) Snail, N-cadherin, E-
cadherin and Vimentin, (C) MMP2, MMP9 and TIMP-1, (D) MDM2, P53, BAX and BCL-2, (E) Cytochrome-C, Caspase-3 and Caspase-9 were examined via WB analysis in
HCCLM3 and HepG2 miR-4521 mimic transfected cells compared with miR-NC. P < 0.05, 0.01, 0.001 and 0.0001 are denoted by *, **, *** and ****.
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explore the malignant properties of overexpression of miR-4521,
the levels of matrix metalloproteinases (MMP2 and MMP9) and
their tissue inhibitor TIMP-1 were measured in miR-4521 mimic
transfected HCCLM3 and HepG2 cells. Significant decreases in
expression levels of MMP2 (61%, P = 0.004), and MMP9 (71.4%,
P = 0.0001) in HCCLM3, and of MMP2 (43.6%, P = 0.0202) and
MMP9 (56%, P < 0.0001) in HepG2 compared with miR-NC were
observed, whereas elevated expression levels of TIMP-1 2.07-fold
(P = 0.0011) and 1.35-fold (P = 0.0001) were observed in miR-
4521 overexpressed HCCLM3 and HepG2 cells (Fig. 5C), respec-
tively. Meanwhile, expression levels of MDM2 and BCL-2 decreased
by 40.7% (P = 0.0242) and 47% (P = 0.0002) in HCCLM3 and 43%
(P = 0.0314) and 31% (P = 0.0208) for HepG2 cells transfected by
miR-4521 mimics compared with miR-NC. Likewise, the levels of
P53, BAX, Cytochrome-C, Caspase-3 and Caspase-9 increased by
28.6% (P = 0.0125), 88% (P = 0.0070), 50.6% (P = 0.0292), 26.6%
(P = 0.0016) and 114.6% (P = 0.005) in HCCLM3 and by 60.6%
(P = 0.0301), 26% (P = 0.0033), 95% (P = 0.0004), 55.3%
(P = 0.0010) and 52.3% (P = 0.0234) in HepG2 cells (Fig. 5D and
5E). Our data suggest that the miR-4521-FAM129A axis regulates
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the functions of HCCLM3 and HepG2 cells through MDM2/P53 reg-
ulating cell proliferation, through TIMP-1/MMP2/MMP9 and p-FA
K/p-AKT/Snail/E-cadherin/N-cadherin/Vimentin (EMT) regulating
migration and invasion, and through BCL-2/BAX/Cytochrome-C/C
aspase-9/Caspase-3 regulating cellular apoptosis.

FAM129A knockdown inhibits malignant behavior of HCC cells in vitro

Knockdown effects of FAM129A on the HCC cell’s malignant
behavior were detected through WB assays. Si-FAM129A trans-
fected HCCLM3 and HepG2 group cells showed decreased p-FAK
and p-AKT protein levels by 37.6% (P = 0.0330) and 30%
(P = 0.0291) in HCCLM3 and 53.7% (P = 0.0079) and 43%
(P = 0.0102) in HepG2, respectively (Fig. 6A). To determine whether
the typical molecular alterations of EMT occurred upon silencing
FAM129A, we examined the protein levels of Snail, N-cadherin,
Vimentin and E-cadherin in si-FAM129A transfected HCCLM3
and HepG2 cells. Interestingly, expressions of protein Snail, N-
cadherin and Vimentin decreased by 31% (P = 0.0430), 25%
(P = 0.0451) and 54% (P = 0.010) in HCCLM3 and by 50.7%



Fig. 6. FAM129A knockdown suppressed HCC malignant behaviors and promoted apoptosis in vitro. (A) The protein expression levels of p-FAK, p-AKT, (B) Snail, N-cadherin,
E-cadherin and Vimentin, (C) MMP2, MMP9 and TIMP-1, (D) MDM2, P53, BAX and BCL-2, (E) Cytochrome-C, Caspase-3 and Caspase-9 were determined by WB analysis in
HCCLM3 and HepG2 si-FAM129A transfected group cells compared with si-NC. P < 0.05, 0.01, 0.001 and 0.0001 are denoted by *, **, *** and ****.
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(P = 0.0169), 65.6% (P = 0.0084) and 38% (P = 0.0237) in HepG2
cells, whereas E-cadherin expression increased by 50.3%
(P = 0.0413) and 49.6% (P = 0.0384), respectively (Fig. 6B). To fur-
ther explore the mechanistic role of FAM129A, we analyzed
expression levels of MMP2, MMP9 and TIMP-1 in cells transfected
with si-FAM129A as compared to si-NC, and found that expression
levels of MMP2 and MMP9 were reduced by 52% (P = 0.007) and
65% (P < 0.0001) in HCCLM3 and by 33% (P = 0.0016) and 53%
(P = 0.0123) in HepG2 cells, whereas TIMP-1 protein levels were
increased by 32.3% (P = 0.0497) and 106.3% (P = 0.0445) in HCCLM3
and HepG2 cells, respectively (Fig. 6C). Knockdown of FAM129A
resulted in decreased expression levels of MDM2 and BCL-2 by
37% (P = 0.0074) and 34% (P = 0.0064) in HCCLM3 and by 60%
(P = 0.0016) and 53% (P = 0.0108) in HepG2 cells (Fig. 6D). At the
same time, protein levels of P53, BAX, Cytochrome-C, Caspase-3
and Caspase-9 were increased by 110.6% (P = 0.0229), 21.6%
(P = 0.0491), 104% (P = 0.0153), 116.6%, (P = 0.0128) and 47.6%
(P = 0.0465) in HCCLM3 and by 123% (P = 0.0006), 55.6%
(P < 0.0001), 130.6% (P = 0.0019), 113% (P = 0.009) and 145.6%
(P = 0.0371) in HepG2 cells transfected with si-FAM129A as com-
pared with si-NC, consistent with HCCLM3, respectively (Fig. 6D
and 6E). Thus, the HCCLM3 and HepG2 malignancies were affected
by FAM129A.

Discussion

Occurrence of hepatocellular carcinoma (HCC) is escalating and
is homologous to advanced liver disease [25]. About 90% of all of
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the earliest hepatic malignancies result in HCC and denote a major
global health problem [26]. Unfortunately, HCC shows very poor
response towards immunotherapies as compared to other cancers
[27]. The low survival rate for HCC is due to its usual diagnosis in
the late incurable phase. Thus timely diagnosis and advances in
therapies are necessary steps to increase survival times of patients
suffering from HCC [28,29].

Deregulation of microRNAs has been confirmed in nearly all
kinds of human cancers [30], together with renal cancer [11],
glioma [31], colon cancer [32], ovarian cancer [33], hepatocellular
carcinoma [8] and bladder cancer [34]. miRNAs are generally
involved in tumorigenesis via regulatory genes and signaling path-
ways [35]. Abnormal behavior of miR-4521 has been demonstrated
in various tumors and previous studies suggest that miR-4521 is
downregulated in renal cancer [11], chronic lymphocytic leukemia
[15], hepatotoxicity [18] and medulloblastoma [36] and its defi-
ciency was also reported in WJ-MSC derived neurons [37]. Due to
the upregulation of miR-4521in focal cortical dysplasia (FCD), it
has been considered as a potential biomarker for FCD with refrac-
tory epilepsy [16]. miR-4521, one of 11 miRNAs, has been reported
as a potential prognostic biomarker for PDAC patients [14]. A study
reported that the ratio of miR-4521/miR-340-5p may be a predic-
tive factor for treatment and survival of esophageal adenocarci-
noma patients [13]. Recent studies showed that miR-4521
overexpression suppressed proliferation and invasion and induce
apoptosis by activating caspase-3 in medulloblastoma [11,36].
Conversely, the role and mechanism of miR-4521 in HCC is still
unidentified, and its role in the occurrence and progress of HCC
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needs to be determined. miRNAs mostly act by regulating target
genes in tumor cells [38]. miRNAs, upon binding with the 30-UTR
region of its target genes, become post transcriptional regulators
[29]. EIF4G2/PABPC-1 [39], FOXM1[36] and FAM129A [11] are tar-
get genes of miR-4521 in oxidative stress, medulloblastoma and
ccRCC. Family with sequence similarity 129 member A (FAM129A),
also termed as Niban, plays an important role in a different way as
it may be a potential diagnostic biomarker in abdominal aortic
aneurysm (AAA) by WGCNA [40]. In ovarian cancer, FAM129A
was reported to be linked to chemoresistance and metastases
along with other genes [41], and in prostate cancer FAM129A along
with ATF4 is overexpressed in patient samples. Thus, silencing the
ATF4-FAM129A axis may be a novel therapeutic agent [22]. In
addition FAM129A regulates autophagy of cells in thyroid carci-
noma [19]. However, no study was reported on association of
miR-4521 and FAM129A in HCC. Our work demonstrated that
miR-4521 deficiency negatively correlated with FAM129A upregu-
lation in HCC tissues and cells. Furthermore, our this work aimed
to reveal that overexpression of miR-4521 and knockdown of
FAM129A regulates HCC malignancy by inhibiting cell proliferation
via p-FAK/p-AKT/MDM2/P53 and promote apoptosis via p-FAK/p-
AKT/BCL-2/BAX/Cytochrome-C/Caspase-3/Caspase-9 pathway,
whereas reduction of HCC cells migration and invasion was
observed via p-FAK/p-AKT/Snail/E-cadherin/N-cadherin/Vimentin
and TIMP-1/MMP2/MMP9 pathways. In addition, we further con-
firmed FAM129A overexpression in HCC patient’s samples together
with its separate positive and negative correlation with MMP9 and
TIMP-1 contributed to HCC malignancy.

We validated that miR-4521 levels of expression were down-
regulated and FAM129A expression levels were upregulated in
HCC tumorous tissue samples as compared with their correspond-
ing non-tumorous tissues, which provides an inverse correlation
between miR-4521 and FAM129A in HCC advancement (Fig. 1A,
1B and 1C). Our qRT-PCR results further confirmed that miR-
4521 was downregulated, and that FAM129A was overexpressed
in HCCLM3 and HepG2 cells as compared to normal liver cell line
LO2 (Fig. 1D and 1E). The FAM129A protein expression level was
also upregulated in HCCLM3 and HepG2 cells compared with
LO2, which is consistent with mRNA levels of FAM129A (Fig. 1F).
According to these findings we conclude that there is an antagonis-
tic relationship between miR-4521 and FAM129A in HCC tissues
and cells (Fig. 1). A well-established relation between miR-4521
and FAM129A can be observed in databases and is proved through
luciferase reporter assays [11]. On the basis of these findings, we
speculate that deficiency of miR-4521 is closely associated to over-
expression of FAM129A, which strengthens HCC progression. As
expected miR-4521 overexpression (Fig. 2A) not only markedly
suppressed mRNA (Fig. 2B) but also decreased protein expression
levels of FAM129A (Fig. 2C) by attaching to 30-UTR of FAM129A.
Immunofluorescence staining assays further confirmed much
lower and dull expression of FAM129A in miR-4521 mimic-
transfected HCCLM3 cells than in miR-NC-transfected cells
(Fig. 2D). Furthermore, we observed significantly reduced colony
forming, proliferation (Fig. 3A, 3B, 3C and 3D), migration, invasion
(Fig. 3E and 3F) and motility (Fig. 3G and 3H) capacities of HCCLM3
and HepG2 cells.

To explore the function of FAM129A in HCC cells, we knocked
down FAM129A by using FAM129A si-RNA. The protein and mRNA
expression levels of FAM129A were significantly abridged in si-
FAM129A transfected HCCLM3 and HepG2 cells compared with
si-NC group cells (Fig. 4A, 4B, 4C and 4D). Subsequently, FAM129A
downregulation via si-FAM129A resulted in a lower rate of colony
formation and proliferation (Fig. 4F, 4G, 4H and 4I), migration and
invasion (Fig. 4J and 4 K) and affected cell motility (Fig. 4L and 4 M)
in HCCLM3 and HepG2 cells correspondingly. Our experimental
data further confirmed that FAM129A knockdown exerts a similar
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effect on the malignant capacities of HCC cells as observed in miR-
4521 upregulation. Moreover partial inhibition of HCC cells activi-
ties provides a clue that other compensation mechanisms might be
activated within cells, which were not analyzed in current study,
however further investigations are needed to better understand
the underlying mechanism in cells. Despite all of the above find-
ings, the mechanism for expression of miR-4521 and FAM129A still
needs to be explored in detail.

Collected evidences show that the FAK/AKT pathway plays an
important part in epithelial-mesenchymal transition (EMT) inva-
sion and metastasis of many cancers including HCC, and FAK
appears as an upstream regulator of AKT in cell metastasis [42–
44]. EMT is a significant biological process of cancer-associated
progression in different tumors including HCC [45–49]. During
EMT, loss of cell–cell interaction is observed, hindering epithelial
marker expressions such as E-cadherin, and encouraging mes-
enchymal marker expressions such as vimentin and N-cadherin,
and tumor cells wander to distant organs by breaking through
the extracellular matrix due to their increased invasive and migra-
tory properties [50,51]. FAM129A was reported as an upstream
molecule of the FAK signaling pathway [52]. In the current study,
by overexpressing miR-4521 and silencing FAM129A in HCC cells
there was an obvious effect on cell migration and invasion (Figs. 3
and 4). We demonstrated that miR-4521 overexpression and
knockdown of FAM129A in HCCLM3 and HepG2 cells deactivates
the FAK/AKT signaling pathway by dramatically suppressing phos-
phorylation of FAK and AKT at Tyr 397 and Ser 473, respectively,
which reduces expression levels of Snail, a master inducer of
EMT, and as a result upregulates E-cadherin (epithelial marker)
and constrains N-cadherin and vimentin (mesenchymal markers),
ultimately suppressing migration and invasion. Matrix metallopro-
teinases (MMPs) are considered one of the most important groups
of proteinases. Being regulated by different tissue inhibitors, the
MMPs are involved in invasion, migration, apoptosis and metasta-
sis of cancerous cells [53]. Moreover, a previous study reported an
effect of FAM129A on tumor progression by regulation of MMP2,
through the FAK signaling pathway [52]. In the present study we
focused on MMP2 and MMP9. We validated that miR-4521 overex-
pression by miR-4521 mimics and knockdown of FAM129A by si-
FAM129A significantly reduced expressions of MMP2 and MMP9
by activating tissue inhibitor of metalloproteinase (TIMP-1),
involved in regulation of MMPs [11,54,55] in HCCLM3 and HepG2
cells eventually suppressing the rate of migration and invasion. On
the basis of these discoveries, it can be assumed that deficiency of
miR-4521 inversely correlates with FAM129A upregulation
encourages invasiveness and metastasis of hepatic cancer cells.
More investigations are required to discover the detailed mecha-
nisms of miR-4521 and FAM129A in HCC. Moreover, our IHC data
of 208 patients also confirmed overexpression of FAM129A in
HCC patient tissues, and a positive correlation between FAM129A
and MMP9 has been observed in HCC tissues samples whereas
FAM129A and MMP9 were negatively correlated with TIMP-1. Pre-
vious studies have separately revealed high expression of MMP2,
MMP9 and low expression of TIMP-1 were observed in HCC cells
and tissues [56–58]. However, it would be of great interest to apply
IHC method to large cohort of HCC samples with detailed clinico-
pathological features and heterogenicity for better assessment of
possible relationship of different biomarkers and their role in
progression.

Abnormal expression of miR-4521 and FAM129A affected cell
growth and apoptosis in HCC cells. In this work, the impacts of
miR-4521 upregulation and FAM129A knockdown on HCC cell pro-
liferation and apoptosis was reconnoitered via the p-FAK/p-AKT/
MDM2/P53 and p-FAK/p-AKT/BCL-2/BAX/Cytochrome-C/Caspase-
3/Caspase-9 pathways, respectively. AKT, being a downstream
molecule of the FAK pathway, regulates MDM2, which sequentially
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regulates P53 [59,60]. MDM2 is a negative regulator of P53. Ele-
vated MDM2 inactivates transcriptional activity of P53 by promot-
ing its degradation and results in cancer advancement [61–63].
Imbalances of MDM2/P53 lead to inducement of apoptosis by hin-
dering BCL-2 and by increasing BAX [11,64]. On the other hand,
suppression of p-AKT levels also induces apoptosis by activating
the BAX (pro-apoptotic gene) and by inhibiting the BCL-2 (anti-
apoptotic gene) which in return releases Cytochrome-C from mito-
chondria, activating caspases [65]. In our present study overex-
pressing miR-4521 reduced FAM129A levels significantly,
inhibiting expression levels of MDM2 and BCL-2 and elevating
levels of P53, BAX, Cytochrome-C, Caspase-9, and Caspase-3 in
HCCLM3 and HepG2 cells followed by the p-FAK/p-AKT pathway
(Fig. 5). This resulted in decreased cellular proliferation and
increased apoptosis. The impact of FAM129A overexpression
would result in cancer cell growth and reduced apoptosis, opposite
to what happens in downregulation of FAM129A in HCC cells. Fol-
lowing knockdown of FAM129A, the expression levels of the phos-
phorylated forms of FAK and AKT, MDM2 and anti-apoptotic
protein BCL-2 levels were reduced, whereas the expression levels
of P53, BAX Cytochrome-C, Caspase-9 and Caspase-3 increased in
HCCLM3 and HepG2 cells (Fig. 6). Moreover, the current work
shows that overexpressed miR-4521 and FAM129A knockdown
alter the expression level of p-FAK/p-AKT pathway-related pro-
teins as well as inhibited proliferation, migration and invasion of
HCC cells. Despite of all these findings, limited inhibition of cell
malignancy suggested that there must be other proteins mechanis-
tically involved in compensation mechanisms within cells, which
are worth to be investigated, as reported in one study the role of
BCNP1 in cellular signaling pathways, which is not very well
known protein [66], however apart from this there are numerous
other proteins activated in cells and play significant role in signal-
ing pathways, which needs to be explored. More work is required
to understand the detailed role and mechanism of miR-4521,
FAM129A and miR-4521-FAM129A axis in cancer.

Conclusion

Our work has demonstrated a negative correlation between
miR-4521 and FAM129A in hepatic tissues and cells. miR-4521
upregulation in HCCLM3 and HepG2 cells suppressed migration
and invasion, and reduced proliferation, promoting apoptosis
through phosphorylation of FAK and AKT, targeting FAM129A. In
addition, we further verified that miR-4521 overexpression and
knockdown of FAM129A directly exerts anti-proliferative and
anti-metastatic effects on HCC cells. Lack of miR-4521 and an
excess of FAM129A results in cancer expansion by increasing rates
of proliferation, migration and invasion of HCC cells. These conse-
quences suggest that miR-4521/FAM129A-based targeted therapy
might be a promising therapeutic treatment for hepatic cancer.
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