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 Background: This study aimed to investigate the expression of microRNA-639 (miR-639) in tumor tissue from patients with 
hepatocellular carcinoma (HCC) and its effects on patient outcome, to identify the targets for miR-639 using 
bioinformatics and luciferase reporter analysis, and the effects of miR-639 in human HCC cells in vitro to iden-
tify the molecular pathways involved.

 Material/Methods: Expression levels of miR-639 were compared in tumor tissue and adjacent normal liver tissue from 50 patients 
with HCC, and Kaplan-Meier curves identified the association with overall survival (OS). miR-639 expression 
was measured in HCC cells cultured in vitro using quantitative reverse transcription-polymerase chain reaction 
(RT-qPCR) and Western blot. HCC cells were studied using the MTT assay, the colony formation assay, and the 
transwell assay. Bioinformatics and luciferase reporter analysis identified the role of the histone acetyltrans-
ferase gene, KAT7, in HCC.

 Results: The expression of miR-639 was significantly reduced in HCC tissues compared with normal adjacent liver tis-
sues, and inhibited cell proliferation and epithelial-mesenchymal transition (EMT) of HCC cells. Bioinformatics 
and luciferase reporter analysis showed that miR-639 directly targeted KAT7 and inhibit its expression. KAT7 
expression promoted cell proliferation, and migration of human HCC cells in vitro, and miR-639 inhibited cell 
proliferation and EMT by down-regulating the KAT7/Wnt/b-catenin signaling pathway.

 Conclusions: miR-639 was down-regulated in HCC tumor tissue, and inhibited proliferation and migration of HCC cells by 
the down-regulation of KAT7/Wnt/b-catenin signaling and was associated with reduced OS. These findings 
supported the potential role of miR-639 as a tumor suppressor.
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Background

Worldwide, hepatocellular carcinoma (HCC) is a common 
malignancy that is associated with a high mortality rate [1]. 
Although there have been recent advances in the diagnosis 
and management of HCC, patient prognosis and survival re-
main poor [2,3]. Also, the recurrence rate for HCC is high fol-
lowing surgery [4]. Therefore, there remains a need to identi-
fy new diagnostic biomarkers and therapeutic targets for HCC.

Recent studies have shown that microRNAs (miRNAs) are in-
volved in the pathogenesis and progression of HCC [5–7]. The 
miRNAs are a family of short, single-stranded, noncoding RNAs 
that are between 19–22 nucleotides (nt) in length, which have 
key roles in many cell processes and regulate the expression 
of downstream messenger RNAs (mRNAs) by targeting the 3’ 
untranslated region (3’-UTR) to prevent translation or to ac-
celerate the degradation of target mRNAs [8,9]. Previous stud-
ies have shown that dysregulation of miRNAs has an impor-
tant role in pathological processes, including carcinogenesis 
and cancer metastasis [10–12]. For example, microRNA-639 
(miR-639) has been shown to promotes cell proliferation, cell 
migration, and results in cell cycle arrest in breast cancer and 
thyroid cancer cells [13,14]. Also, miR-639 has been shown to 
regulate transforming growth factor b (TGF-b) and inhibit epi-
thelial-mesenchymal transition (EMT) in oral squamous cancer 
cells by targeting FOXC1 [15]. However, the roles and mecha-
nisms for miR-639 in other malignant tumors, including HCC, 
remain poorly understood.

Therefore, this study aimed to compare the expression of miR-
639 in HCC tissues with adjacent normal liver tissue and its 
effects on patient outcome, to use bioinformatics and lucif-
erase reporter analysis to identify the targets for miR-639 in 
HCC, and to study the effects of miR-639 in human HCC cells 
in vitro to identify the signaling pathways involved.

Material and Methods

Tissue samples and cell lines

Fifty paired tumor tissue samples of histologically-confirmed 
hepatocellular carcinoma (HCC) and adjacent normal liver tis-
sue samples were obtained from patients diagnosed by the 
Tianjin First Center Hospital. The Ethics Committee of the 
Tianjin First Center Hospital approved the study. All the sam-
ples were obtained and analyzed with prior written and in-
formed consent from the patients.

The human HCC cell lines, SMMC-7721, Huh7, HepG2, and 
HepG2.2.15, and the normal human hepatic cell line LO2, were 
cultivated in RPMI 1640 or Dulbecco’s modified Eagle’s medium 

(DMEM) medium (HyClone, Logan, UT, USA) supplemented with 
10% fetal bovine serum (FBS) (AusGeneX, Brisbane, Australia) 
and penicillin-streptomycin solution consisting of 100 U/ml of 
penicillin and 100 g/ml streptomycin in 0.9% saline as a ster-
ile and filtered solution. The cells were cultured in a humidi-
fied chamber with 5% CO2, and at 37°C.

RNA extraction and quantitative reverse transcription-
polymerase chain reaction (RT-qPCR)

Total RNA from the fresh HCC tumor tissues, normal liver tis-
sues, or the cultured cells was extracted with TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA), according to the manufactur-
er’s instructions. To detect the microRNA (miRNA) expression, 
the microRNA (miRNA) First Strand cDNA Synthesis kit, using 
the stem-loop method was used (Sangon Biotech., Shanghai, 
China). The extracted miRNA underwent RT-qPCR using a 
miRNA-specific TaqMan Kit for miR-639 (ID 001583) (Thermo 
Fisher Scientific, Waltham, MA, USA) to quantify the levels of 
miR-639, based on the manufacturer’s instructions, and nor-
malized by U6 snRNA (ID 001973) (Thermo Fisher Scientific, 
Waltham, MA, USA).

To measure the levels of mRNA, first-strand complementa-
ry DNA (cDNA) was generated using the M-MuLV First Strand 
cDNA Synthesis Kit (Sangon Biotech., Shanghai, China), and 
RT-qPCR was performed using SGExcel FastSYBR Mixture (with 
ROX) (Proteogenix, Portland, OR, USA), based on the manu-
facturer’s instructions. b-actin was selected as an internal 
control to normalize the transcript levels of the RNAs. The 
RT-qPCR primers used were as follows: Vimentin, forward: 
5’-AGTCCACTGAGTACCGGAGAC-3’;
Vimentin, reverse: 5’-CATTTCACGCATCTGGCGTTC-3’;
E-cadherin, forward: 5’-AAAGGCCCATTTCCTAAAAACCT-3’;
E-cadherin, reverse: 5’-TGCGTTCTCTATCCAGAGGCT-3’;
KAT7, forward: 5’-TCTCCGCTACCTGCATAATTTTCAAGGC-3’;
KAT7, reverse: 5’-TTGGAGTTGGACCTTTTGGCCTCTTTGG-3’;
b-actin, forward: 5’-CGTGACATTAAGGAGAAGCTG-3’; and
b-actin, reverse: 5’-CTAGAAGCATTTGCGGTGGAC-3’ [16,17].

The 2–DDCt method was performed to analyze the data.

Plasmid construction

To construct KAT7 3’UTR luciferase reporter plasmids, in-
cluded top, 5’-CTAGCCCTGTCATTCCGAGCCAGCGAACT-3’, and 
bottom, 5’-CTAGAGTTCGTGGCTCGGAATGACAGGG-3’. The 
strands of KAT7 3’UTR were annealed and inserted into 
the NheI and XbaI restriction sites of the pmirGLO dual-lu-
ciferase miRNA target vector (Promega), generating vec-
tor pmirGLO/Luc-KAT7 3’UTR. In addition, the mutant top 
(5’-CTAGCCCTGTCATTCCGAGCACGATGACT-3’) and mutant bot-
tom (5’-CTAGAGTCATCGTGCTCGGAATGACAGGG-3’) strands of 
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KAT7 3’UTR were annealed and inserted into the NheI and 
XbaI restriction sites of pmirGLO dual-luciferase miRNA tar-
get vector (Promega, Madison, WI, USA), and generated the 
vector pmirGLO/Luc-KAT7 3’UTR mut. Construction of the plas-
mid pcDNA3-KAT7 for KAT7 overexpression, and the whole 
sequences of KAT7 were obtained from the KAT7 cDNA us-
ing the PCR primers:

KAT7, forward: 5’-CGGAAGCTTGCCACCATGCCGCGAAGG 
AAGAGG-3’; and
KAT7, reverse: 5’-CTTTCTAGATTAAGTG CCCTTGGGAGGGGTCCA-3’).

The whole sequences of KAT7 were inserted into the HindIII 
and XbaI restriction sites of pcDNA3.1. To construct the 
KAT7 knockdown plasmid, shRNA sequences of shRNA-KAT7 
sense (5’-GATCCGCTCAAATACTGGAAGGGAAACTCGAGTTT 
CCCTTCCAGTATTTGAGCTTTTTGA-3’) and antisense (5’-AGCTTCAA 
AAAGCTCAAATACTGGAAGGGAAACTCGAGTTTCCCTTC 
CAGTATTTGAGCG-3’) oligonucleotides were annealed and in-
serted into the BamHI and HindIII of pSilencer 2.1-U6 Neo vec-
tor (Thermo Fisher Scientific, Waltham, MA, USA), generated 
by pshR-KAT7 plasmids.

Cell transfection

Transfection of miRNAs or related plasmids was performed 
using Lipofectamine RNAiMAX transfection (Thermo Fisher 
Scientific, Waltham, MA, USA), according to the manufactur-
er’s protocol.

MTT assay

Related miRNAs or plasmids were transfected into the HCC 
cell lines, Huh7 and HepG2, and cultured for 24 h. Then, 3×103 
transfected cells were transferred into 96-well plates and cul-
tured for 24 h, 48 h, and 96 h. The MTT assay was performed 
to evaluate the cell viability at a wavelength of 570 nm us-
ing a Quant Universal microplate spectrophotometer (BioTek, 
Winooski, VT, USA).

Colony formation assay

Huh7 and HepG2 cells were transfected with related miRNAs 
or plasmids and cultured for 24 h, and 3×102 cells were grown 
in the 12-well plates and cultured for two weeks. Crystal violet 
was used to stain the colonies, as previously described [18].

Transwell migration assay

The transwell migration assay used 3×104 Huh7 cells and 5×104 
HepG2 cells, which were seeded on the upper chamber of the 
8 μm pore size insert (BD Biosciences, Franklin Lakes, NJ, USA) 
after transfection for 24 h in serum-free culture medium. The 

transwell invasion assay used 5×104 Huh7 cells and 8×104 HepG2 
cells, which were seeded on the upper chamber of the inserts 
coated with 40 μl Matrigel (2 μg/μl) (BD Biosciences, Franklin 
Lakes, NJ, USA) in serum-free culture medium. The bottom of the 
inserts contained 700 μl of DMEM containing 20% FBS. After 24 
h of incubation for the migration assay, and 48 h of incubation 
for the invasion assay, the cells were stained with crystal violet, 
and the cells were counted and photographed by microscopy.

Luciferase assay

HCC cells were co-transfected with pmir/Luc-KAT7 3’UTR or 
pmir/Luc-KAT7 3’UTR mut plasmids with miR-NC, miR-639 mim-
ics, ASO-NC and ASO-miR-639 and cultured for 48 h. Lysates 
were collected and measured using the Dual-Luciferase Reporter 
(DLR™) assay system (Promega, Madison, WI, USA), according 
to the manufacturer’s instructions. The activity of Renilla lu-
ciferase was quantified according to the activity of firefly lu-
ciferase. The relative luciferase intensity equals to the ratio 
of Renilla and firefly.

Top-Flash/Fop-Flash luciferase reporter assay

To detect the activation of Wnt pathway, the indicated plas-
mids were transfected into HCC cells with the TCF signaling 
reporter Top-Flash (TCF reporter plasmid) and the negative 
control Fop-Flash (mutant, inactive TCF binding site). Then, 
HCC cells were transfected with either pFop-Flash or pTop-
Flash plasmid and the internal control plasmid pSV40-Renil-
la for 48 h. The activity of the firefly luciferase was quantified 
according to the activity of Renilla luciferase (Relative lucifer-
ase intensity=firefly intensity/Renilla intensity).

Western blot

Proteins were extracted with RIPA buffer and resolved us-
ing 10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE). The proteins in the SDS-PAGE gel were 
transferred onto polyvinylidene fluoride (PVDF) membranes 
(BioRad, Berkeley, CA, USA). Proteins were detected by using 
primary antibodies to human E-cadherin (1: 500) (Bioworld 
Technology, Louis Park, MN, USA), vimentin (1: 1000) (Bioworld 
Technology, Louis Park, MN, USA), KAT7 (1: 500) (Abcam, 
Cambridge, MA, USA), Wnt (1: 500) (Abcam, Cambridge, MA, 
USA), b-catenin (1: 500) (Abcam, Cambridge, MA, USA), H2A.X 
(1: 500) (Abcam, Cambridge, MA, USA), and GAPDH (1: 2000) 
(Proteintech, Chicago, IL, USA). Peroxidase-conjugated sec-
ondary antibody (1: 2000) (Abcam, Cambridge, MA, USA) was 
added to the PVDF membranes and visualized using a Tanon 
chemiluminescence System (Tanon Science & Technology Co., 
Ltd, Shanghai, China). Western blot bands were quantified us-
ing the Tanon Gel Image System (Tanon Science & Technology 
Co., Ltd, Shanghai, China).
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Immunohistochemistry (IHC) staining analysis

Immunohistochemistry for KAT7 and b-catenin was performed 
according to the methods previously reported [19].

Statistical	analysis

The experiments were performed in triplicate. The overall surviv-
al (OS) of patients with HCC was analyzed using Kaplan-Meier 
plots (http://kmplot.com/analysis/) [20]. Data were analyzed 
using Student’s t-test and the chi-squared c2 test and Graph 
Pad Prism version 6 (GraphPad Software, La Jolla, CA, USA). 
A P-value <0.05 was considered to be statistically significant.

Results

Down-regulation of microRNA-639 (miR-639) expression 
was	associated	with	reduced	overall	survival	(OS)	in	
patients with hepatocellular carcinoma (HCC)

MicroRNA-639 (miR-639) expression levels in human HCC tu-
mor tissues and normal liver tissues were measured by quan-
titative reverse transcription-polymerase chain reaction (RT-
qPCR). In the fifty-paired tissue specimens, the level of miR-639 
was significantly down-regulated in HCC tumor tissues com-
pared with normal liver tissues (Figure 1A). Correlation anal-
ysis showed that significant increased expression of miR-639 
was significantly associated with reduced TNM stage, tumor 
size, and lymph node metastasis, but there were no differ-
ences between patient gender, age, and histological grade 

of HCC (Table 1). Also, patients with HCC and low expression 
levels of miR-639 had a significantly reduced overall survival 
(OS), according to the Kaplan-Meier analysis [20] (Figure 1B). 
The expression of miR-639 was significantly reduced in Huh7, 
HepG2, HepG2.2.15, and SMMC-7721 human hepatocellular 
carcinoma cells compared with LO2 normal human liver cells 
(Figure 1C). These findings indicated that miR-639 might act 
as a tumor suppressor in HCC.

The effects of miR-639 in cell proliferation, migration, 
and expression of markers of epithelial-mesenchymal 
transition	(EMT)	in	two	human	HCC	cell	lines,	Huh7	and	
HepG2

The levels of miR-639 expression were detected in two human 
HCC cell lines, Huh7 and HepG2, that had been transfected 
with miR-639 mimics or miR-639 inhibitor (ASO-miR-639). The 
results showed that miR-639 was significantly upregulated in 
HCC cells transfected with miR-639 mimics. However, miR-639 
expression was significantly reduced when the cells were trans-
fected with miR-639 inhibitor (Figure 2A). The upregulation of 
miR-639 resulted in reduced cell viability and proliferation, and 
inhibition of miR-639 increased HCC cell viability and prolifer-
ation (Figure 2B, 2C). The transwell migration assay showed 
that HCC cell migration was reduced when cells were trans-
fected with miR-639 mimics. However, the down-regulation of 
miR-639 expression using the miR-639 inhibitor promoted cell 
migration in the two human HCC cell lines (Figure 2D). HCC 
cells transfected with miR-639 mimics showed that the mRNA 
and protein levels of E-cadherin were increased. However, the 
down-regulation of miR-639 significantly inhibited the mRNA 
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Figure 1.  Down-regulation of microRNA-639 (miR-639) was found in hepatocellular carcinoma (HCC) tissues and cells. (A) The level 
of miR-639 in fifty paired HCC tumor tissues and adjacent human normal liver tissues. (B) The prognosis of patients with 
HCC who had high expression and low expression of miR-639 analyzed by Kaplan-Meier curves. (C) The level of miR-639 in 
a normal human liver cell line, LO2, and human HCC cell lines, SMMC-7721, Huh7, HepG2, and HepG2.2.15. Studies were 
performed in triplicate. (* p<0.05; ** p<0.01; *** p<0.001).
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and protein levels of vimentin (Figure 2E, 2F). These findings 
indicated that miR-639 inhibited the cell proliferation and EMT 
of HCC cells and acted as a tumor suppressor.

miR-639 inhibited KAT7 expression by targeting the 3’UTR

Regulation of the expression level of targets by miRNA usu-
ally occurs through the 3’UTR sequence [21]. Therefore, in 
this study, the target genes of miR-639 were predicted us-
ing TargetScan 7.1, and KAT7 was selected to study further 
(Figure 3A). To confirm that KAT7 was directly targeted by miR-
639, the target relationship between miR-639 and KAT7 3’UTR 
was determined by the luciferase reporter assay. The findings 
showed that transfection with miR-639 reduced the lucifer-
ase fluorescence intensity, and inhibition of the expression of 
miR-639 by ASO-miR-639 increased the fluorescence intensity 
(Figure 3B). However, neither overexpression nor inhibition of 
miR-639 had a significant effect on the fluorescence intensity 
when the binding site of KAT7 3’UTR was mutated (Figure 3B). 
The transcriptional and translational levels of KAT7 were mea-
sured by quantitative reverse transcription-polymerase chain 
reaction (RT-qPCR) and Western blot. Expression of miR-639 
reduced both the mRNA and protein expression levels of KAT7 
and inhibition of miR-639 resulted in increased expression of 
mRNA and protein levels of KAT7 (Figure 3C, 3D). Also, the tran-
scriptional level of KAT7 was significantly increased in HCC tu-
mor tissues compared with normal liver tissues (Figure 3E). A 

negative correlation was found between the level of miR-639 
and KAT7 (Figure 3F). These findings indicated that KAT7 was 
a target of miR-639 in HCC.

KAT7	promoted	cell	proliferation	and	EMT	in	HCC

To further study the function of KAT7, the mRNA level of KAT7 
in HCC cells was first detected after transfection with pcD-
NA3-KAT7 or pshR-KAT7 plasmids. The findings showed that 
the expression of mRNA of KAT7 was significantly increased 
after KAT7 overexpression, whereas the mRNA of KAT7 was 
significantly reduced after knockdown of KAT7 (Figure 4A). 
Overexpression of KAT7 significantly increased cell viability 
and colony formation of human HCC cells, and down-regula-
tion KAT7 expression significantly reduced cell viabilities and 
colony formation (Figure 4B, 4C). HCC cells showed high migra-
tion capacity with the upregulation of KAT7, and the migration 
and invasion abilities for HCC cells were reduced when KAT7 
was down-regulated (Figure 4D). Increased expression of KAT7 
reduced E-cadherin expression but increased the expression 
of vimentin. Knockdown KAT7 significantly increased levels of 
transcription and translation of E-cadherin, but vimentin lev-
els were significantly reduced (Figure 4E, 4F). Overexpression 
of KAT7 partly abolished the tumorigenic phenotypes and 
the transcription and translation levels of the EMT markers, 
E-cadherin and vimentin, caused by miR-639 (Figure 5A–5F). 

Variables n=50
microRNA-639 (miR-639) expression

p-Value
Low (n) High (n)

Age (years)

 ³45 28 23 5
p=0.905

 <45 22 19 3

Gender

 Male 25 20 5
p=0.44

 Female 25 22 3

Tumor size

 ³5 cm 32 30 2
p=0.035*

 <5 cm 18 12 6

TNM stage

 I–II 37 34 3
p=0.033*

 III–IV 13 8 5

LNM

 No 30 29 1
p=0.009**

 Yes 20 13 7

Table 1.  Clinicopathological characteristics of the 50 patients with hepatocellular carcinoma (HCC) and levels of microRNA-639 
(miR-639) expression.

c2 test. * p<0.05; ** p<0.01. TNM – tumor node metastasis; LNM – lymph node metastasis.
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Figure 2.  microRNA-639 (miR-639) inhibited cell proliferation, cell migration, colony formation, and epithelial-mesenchymal transition 
(EMT) in human hepatocellular carcinoma (HCC) cell lines, Huh7 and HepG2. (A) miR-639 expression was detected using 
quantitative reverse transcription-polymerase chain reaction (RT-qPCR) in two human HCC cell lines, Huh7 and HepG2. 
(B) Cell viabilities of HCC cells were analyzed using the MTT assay. (C) Colony formation of HCC cells was assessed by using 
the colony formation assay. (D) Transwell migration and invasion of human HCC cell lines, Huh7 and HepG2, were studied 
using transwell assays. (E) Quantitative reverse transcription-polymerase chain reaction (RT-qPCR) was performed to evaluate 
the transcription levels of EMT markers. (F) Western blot was used to detect the expression levels of EMT markers. Studies 
were performed in triplicate. (* p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001).
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These findings indicated that KAT7 acted as an oncogene and 
promoted cell proliferation and EMT of HCC cells.

miR-639 inhibited the Wnt/b-catenin pathway by down-
regulating KAT expression in HCC

Tissue samples of HCC with low expression of miR-639 were 
used to investigate the expression levels of KAT7 and b-catenin 
(Figure 6A). Immunohistochemistry showed that KAT7 and b-
catenin were both highly expressed in HCC tissues (Figure 6B), 
and the expression level of miR-639 was negatively associated 

with the expression of KAT7 and b-catenin. The reporter plas-
mids, pTop-Flash and pFop-Flash, were used to determine 
whether the Wnt/b-catenin signaling pathway was activated 
via miR-639. The results showed that the level of miR-639 was 
negatively associated with the activation of the Wnt/b-catenin 
pathway in HCC cells (Figure 6C). Also, the pTop-Flash/pFop-
Flash reporter assay showed that co-expression of KAT7 and 
miR-639 partly recovered the transcriptional activity of Wnt/
b-catenin pathway compared with the expression of miR-639 
(Figure 6D). Also, inhibition of miR-639 enhanced the translo-
cation of b-catenin into the nucleus from the cytoplasm, when 
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Figure 5.  Over-expression of KAT7 reduced the tumor suppressor effect of microRNA-639 (miR-639) on cell proliferation, cell migration, 
colony formation, and epithelial-mesenchymal transition (EMT) in human hepatocellular carcinoma (HCC) cell lines, Huh7 
and HepG2. Over-expression of KAT7 reduced the tumor suppressor effect of miR-639 on cell viability (A), colony formation 
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E-cadherin and vimentin. Studies were performed in triplicate. (* P<0.05; ** P<0.01; *** P<0.001; **** P<0.0001).

measured by Western blot of nuclear and cytoplasmic extracts 
(Figure 6E, 6F). These findings showed that miR-639 inhibited 
cell proliferation and EMT by targeting KAT7 and down-regu-
lating KAT7 expression via the Wnt/b-catenin pathway in HCC 
cells (Figure 6G).

Discussion

Recent studies have shown that microRNAs (miRNAs) may have 
important biological roles in cell proliferation, cell differentia-
tion, cell apoptosis, and tumor metastasis [26–28]. Altered ex-
pression of miRNAs is associated with the development and 
progression of several types of cancer, including hepatocellu-
lar carcinoma (HCC) [29–31]. Therefore, miRNAs were potential 
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molecular biomarkers for cancer diagnosis and may be novel 
therapeutic targets in human cancer [32]. However, currently, 
the role of many miRNAs remains unclear.

In the present study, microRNA-639 (miR-639) was significant-
ly down-regulated in HCC tumor tissue samples when com-
pared with normal liver tissues. Down-regulation of miR-639 

expression was associated with important clinical and patho-
logic characteristics of patients with HCC, including TNM stage, 
tumor size, and lymph node metastasis. Patients with HCC 
with low expression levels of miR-639 had a significantly re-
duced overall survival (OS), and miR-639 was also down-reg-
ulated in HCC cells. Also, the study of miR-639 in human HCC 
cells showed that the upregulation of miR-639 inhibited cell 
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Figure 6.  microRNA-639 (miR-639) down-regulated the Wnt/b-catenin pathway in human hepatocellular carcinoma (HCC) tissues 
and cell lines. (A) Quantitative reverse transcription-polymerase chain reaction (RT-qPCR) was used to analyze the level 
of miR-639 in- paired HCC tumor tissue and adjacent human normal liver tissue. (B) Immunohistochemistry was used to 
evaluate the expression of KAT7 and b-catenin in HCC tissue that showed reduced expression of miR-639. (C, D) pTop-
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(E, F) Western blot analyzed the translation level of KAT7 and b-catenin. (G) The proposed mechanism of miR-639 inhibition 
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proliferation and epithelial-mesenchymal transition (EMT) in 
HCC cells. The findings from the present study indicated that 
miR-639 had a role as a tumor suppressor in HCC. These find-
ings are supported by previous studies that have investigat-
ed the role of miR-639 in other human tumor types. Previous 
studies have shown that miR-639 plays an oncogenic role in 
several cancers. For example, miR-639 has been shown to pro-
mote cancer progression in breast cancer and thyroid cancer 
cells [13,14]. However, miR-639 has also been shown to inhib-
it EMT in human oral squamous carcinoma cancer cells [15]. 
The findings from the present study supported that miR-639 
was a tumor suppressor in human HCC.

KAT7 has been shown to promote cell proliferation by activating 
the Wnt/b-catenin pathway in bladder cancer [17]. KAT7, also 
known as histone acetyltransferase binding to ORC1 (HBO1) or 
MOZ, YBF2/SAS3, SAS2 and TIP60 protein 2 (MYST2), is a mem-
ber of the MYST family of histone acetyltransferases that was 
first identified as a regulator of DNA replication [22]. Recent 
studies have shown that KAT7 was upregulated in several hu-
man cancers and that overexpression of KAT7 promoted tumor 
invasion [23–25]. However, the role of KAT7 in HCC remained 
unclear. In the present study, the use of bioinformatics anal-
ysis and the luciferase reporter assay showed that that miR-
639 directly targeted KAT7. Although the role of KAT7 as an 
oncogene has previously been demonstrated in other tumors 
[18–20], the role of KAT7 in HCC was first investigated in HCC 
in the present study. The findings demonstrated that KAT7 act-
ed as an oncogene by promoting the proliferation and migra-
tion of human HCC cells in vitro.

Currently, several previous studies have shown that miRNAs 
regulate the Wnt/b-catenin pathway in human malignancy. 
For example, the miR-621/TRIM29 axis was reported to inhib-
it Wnt/b-catenin signaling pathway in bladder cancer [33]. Yao 
et al. showed that miR-3194-3p inhibited the Wnt/b-catenin 
pathway by targeting BCL9 in HCC [34]. Liu et al. demonstrat-
ed that miR-504 suppressed the Wnt/b-catenin pathway by di-
rectly targeting the FZD7 gene in glioblastoma [35]. A recently 
reported study showed that KAT7 promoted cell proliferation by 
activating the Wnt/b-catenin pathway in bladder cancer [17]. 
The findings from this study showed that miR-639 was asso-
ciated with the activation of the Wnt/b-catenin pathway and 
was mediated by KAT7.

Conclusions

The aims of this study were to compare the expression of mi-
croRNA-639 (miR-639) in human hepatocellular carcinoma 
(HCC) tissues with adjacent normal liver tissue and its effects 
on patient outcome, to use bioinformatics and luciferase re-
porter analysis to identify the targets for miR-639 in HCC, and 
to study the effects of miR-639 in human HCC cells in vitro to 
identify the signaling pathways involved. The findings showed 
that miR-639 was down-regulated in HCC tumor tissue, miR-
639 inhibited the proliferation and migration of HCC cells by 
the down-regulation of the KAT7/Wnt/b-catenin signaling, and 
miR-639 was associated with reduced overall survival (OS) in 
patients with HCC. These findings supported the potential role 
of miR-639 as a tumor suppressor in HCC.
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