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Dysregulation of miR-638 in hepatocellular
carcinoma and its clinical significance
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Abstract. MicroRNAs (miRNAs/miRs) have been identified
as important post-transcriptional regulators in healthy liver
physiology and liver diseases. However, the clinical signifi-
cance of miR-638 in hepatocellular carcinoma (HCC) remains
unclear. The aim of the present study was to investigate the
status of miR-638 expression in HCC and to determine its
clinical significance. The expression of miR-638 was evaluated
in 60 HCC tissues samples and HCC SMMC-7721, HepG2
and Hep3B cell lines using reverse transcription-quantitative
polymerase chain reaction. The association between the
expression of miR-638 and the clinicopathological charac-
teristics of patients with HCC was analyzed. The proportion
of HCC patients with low miR-638 expression was identified
as 68.3% (41/60). Furthermore, significantly lower miR-638
expression was identified in HCC tissue samples compared
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with the healthy control group (P=0.031). miR-638 expression
was significantly lower in SMMC-7721 (P=0.021), HepG2
(P=0.005) and Hep3B (P=0.003) cells compared with the
healthy human hepatic HL-7702 cell line. In addition, miR-638
expression was correlated with a-fetoprotein levels (P=0.042)
and portal vein invasion (P=0.025). The area under curve
was identified as 0.71 (95% confidence interval=0.63-0.79;
P=0.001). The cut-off value for miR-638 was the median
2-44C1=(),125. In conclusion, miR-638 may be involved in the
progression of HCC and act as a potential biomarker for the
prediction of HCC.

Introduction

MicroRNAs (miRNAs or miRs) are small (19-25 nucleotides)
endogenous, non-coding RNAs that regulate gene expression
via inhibiting translation and/or promoting the degradation
of target messenger RNA (mRNA) at the post-transcriptional
level (1,2). Evidence highlights the significance of miRNAs
as essential regulators of numerous biological processes,
including cell proliferation, differentiation, apoptosis and
metastasis (3). However, the precise mechanisms underlying
the function of the majority of identified miRNAs remain
unclear.

Dysregulation of miRNAs has been identified in numerous
types of human tumors (4-6), suggesting that they serve essen-
tial roles in tumorigenesis and tumor development. Previous
studies have reported that miR-638 expression is significantly
downregulated, and may serve a role as a cancer-suppressor
gene in human gastric cancer (7), breast cancer (8), basal
cell carcinoma (9) and chronic lymphocytic leukemia (10). A
previous study reported that the expression of miR-638 was
markedly upregulated in hepatocellular liver cancer compared
with healthy liver tissue (11). Notably, by using microarrays,
miR-638 has been identified as one of the miRNAs that serve
a role in the invasive-metastatic cascade in hepatocellular
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carcinoma (HCC) (12). In addition, the downregulation of
miR-638 promotes the invasion and proliferation of human
colorectal carcinoma (13) and non-small cell lung cancer
(NSCLC) (14). miR-638 has been functionally associated
with the hepatitis B virus (HBV) life cycle (15). However,
the clinical significance of miR-638 in the treatment of
patients with HCC remains unclear. In the present study,
the expression of miR-638 in HCC was investigated using
reverse transcription-quantitative polymerase chain reaction
(RT-gqPCR). Furthermore, the association between the expres-
sion of miR-638 and the clinicopathological characteristics of
patients with HCC was analyzed.

Materials and methods

Human tissue specimens. Formalin-fixed paraffin-embedded
(FFPE) tissue samples, including 60 HCC and adjacent healthy
liver tissue samples, were collected from patients who under-
went curative hepatic resection for HCC between January
2008 and June 2010 at the Department of Pathology of the
First Affiliated Hospital of Xi'an Jiaotong University (Xi'an,
China). None of the patients had received local or systemic
therapy prior to surgery, and the tumor and matched adjacent
healthy tissue samples were histologically confirmed. Written
informed consent was obtained from all patients and the study
was approved by the Institute Research Ethics Committee at
the Cancer Center of Xi'an Jiaotong University (Xi'an, China).
The relevant clinicopathological characteristics of the patients
were collected from their clinical records.

Cell lines and culture conditions. Human SMMC-7721, HepG2
and Hep3B liver cancer cell lines, and the healthy human
HL-7702 liver cell line were purchased from the Cell Bank
of Type Culture Collection of Chinese Academy of Sciences
(Shanghai, China). These cells were cultured in Dulbecco's modi-
fied Eagle's medium (Hyclone; GE Healthcare Life Sciences,
Logan, UT, USA) and RPMI 1640 medium (GE Healthcare Life
Sciences) containing 10% fetal bovine serum (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) with 100 U/ml
penicillin and 100 U/ml streptomycin (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) at 37°C with 5% CO.,.

RNA extraction. Total RNA was extracted from human FFPE
tissue samples and all cell lines using an E.Z.N.A.® FFPE
RNA kit (Omega Bio-Tek, Inc., Norcross, GA, USA) and
TriPure RNA Isolation Reagent (Roche Diagnostics, India-
napolis, IN, USA) according to the manufacturers' protocols.
The RNA concentration and purity were determined and
evaluated using the NanoDrop® ND-1000 (NanoDrop Tech-
nologies; Thermo Fisher Scientific, Inc., Wilmington, DE,
USA). The absorbance (A),4y:A,g, ratio was used to estimate
the purity of total RNA.

RT-gPCR. Complementary DNA (cDNA) was synthesized
from 1 ug of RNA following the manufacturer's protocol
(Takara Biotechnology Co., Ltd, Dalian, China). The 10-ul
final reaction volume consisted of 1 ug of total RNA, 2 ul 5X
PrimeScript® Buffer, 0.5 I PrimeScript® RT Enzyme Mix and
1 ul RT primer (Takara Biotechnology Co., Ltd). The reaction
was incubated for 15 min at 37°C followed by 5 sec at 85°C.
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gPCR analyses were performed using Power SYBR®
Green PCR Master Mix (Takara Biotechnology Co., Ltd.)
according to the manufacturer's protocol. qPCR reactions
were performed using the Applied Biosystems® 7500 PCR
System (Thermo Fisher Scientific, Inc.). The forward and
reverse primers for miR-638 and U6 are presented in Table I.
The following thermocycling conditions were performed:
95°C for 1 min; 40 cycles of 95°C for 10 sec; and 58°C for
40 sec. The 20-ul gPCR reaction volume consisted of 10 pl
SYBR Prime Ex Taq™ II (2X) (Takara Biotechnology Co.,
Ltd), 1 pl forward primer (10 mM), 1 ul reverse primer
(10 mM), 2 ul cDNA (<100 ng used per reaction) and 6 u1 H,O.
Results were normalized to the expression of U6 and the rela-
tive quantification of miRNA expression was calculated with
the 2-24%4 method, whereby 2-44C4 = 2-1ACq (HCO) - ACq (controD] 315
ACq = Cq pnir.63s - Cq ue (16). A Cq value of 35 was assigned
as the cut-off value for defining samples as non-detected. All
reactions were performed in triplicate.

miRNA target prediction. Established miRNA-target
prediction tools were used to identify potential target
genes of miR-638. The following eight prediction data-
bases were used: DIANA TOOLS (http://diana.imis.
athena-innovation.gr/), microRNA.org (http://www.
microrna.org/microrna/home.do), miRDB (http://mirdb.
org/miRDB/download.html), TargetMiner (http:/www.isical.
ac.in/~bioinfo_miu/mirnalisthtml), TargetScan(http://targetscan.
org/), RNA22-HSA (https://cm.jefferson.edu/rna22/),
PITA (http://genie.weizmann.ac.il/pubs/mir07/mir07_data.
html) and RegRNA (http:/regrna.mbc.nctu.edu.tw/html/tuto-
rial.html). The top 100 target genes in the majority of databases
were recorded and a comparison was made between them.
Experimentally verified targets and only predicted target
genes in mammals that appeared >4 times were noted in the
current study.

Statistical analysis. All statistical analyses were performed
using SPSS software (version 16.0; SPSS, Inc., Chicago,
IL, USA). Student's ¢ test was performed to analyze the
significance of differences between groups. To identify the
association between clinicopathological characteristics of
patients with HCC and the expression of miR-638, the ¢* and
Fisher's exact tests were performed. A receiver operating char-
acteristic (ROC) curve was produced to evaluate the efficacy
of miR-638 expression when distinguishing between the HCC
and healthy liver tissue samples. All tests were two-tailed.
P<0.05 was considered to indicate a statistically significant
difference.

Results

miR-638 expression is frequently decreased in human HCC
tissue and cell lines compared with the healthy control
groups. The expression of miR-638 was determined in
60 HCC and corresponding healthy tissue samples using
RT-gqPCR and normalized to the control U6. As illustrated
in Fig. 1, miR-638 expression was significantly lower in
HCC tissue compared with that in healthy tissue samples
(P=0.031). According to the median tumor (T)/non-tumor
(N) tissue ratio of miR-638 expression among the 60 HCC
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Table I. RT, forward and reverse primers for RT-quantitative

polymerase chain reaction analysis of miR-638 and U6.

Primer Sequence

miR-638
RT 5-GTCGTATCCAGTGCGTGTCGTGGAGTCG

GCAATTGCACTGGATACGACAGGCCGC-3'

Forward 5'-ATCCAGTGCGTG TCGTG-3'
Reverse 5-TGCTAGGGATCGC GGGCGGGTG-3'

U6
RT 5'-CGCTTCACGAATTTGCGTGTCAT-3'
Forward 5-GCTTCGGCAGCACATATACTAAAAT-3'
Reverse 5'-CGCTTCACGAATTTGCGTGTCAT-3'

RT, reverse transcription; miR, miRNA.
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Figure 1. Low expression of miR-638 relative to U6 in 60 HCC tissue samples
compared with healthy tissue samples (P=0.031). ‘P<0.05, Student's ¢ test.
miR, microRNA; HCC, hepatocellular carcinoma.

samples analyzed, 41 (T/N>1.0, 68.3%) cases demonstrated
low expression of miR-638 in HCC tissue compared with
healthy tissue samples. To further validate these results,
the expression of miR-638 in cultured HCC cells was
analyzed, and it was identified that the miR-638 expression
was significantly lower in SMMC-7721 (P=0.021), HepG2
(P=0.005) and Hep3B (P=0.003) cells compared with that in
HL-7702 cells (Fig. 2).

miR-638 expression and clinicopathological characteris-
tics. The associations between clinicopathological factors
and miR-638 levels were analyzed using the chi-square test
and Fisher's exact test, and the patients' clinicopathological
characteristics are illustrated in Table II. No significant asso-
ciation was identified between low miR-638 expression and
age (P=0.781), gender (P=0.089), HBV infection (P=0.114),
tumor size (P=0.774), tumor node metastasis stage (P=0.146)
or distant organ hepatic metastasis (P=0.083). However, the
relative miR-638 expression levels were positively correlated
with a-fetoprotein (AFP) levels and portal vein invasion
(P=0.042, P=0.025, respectively).
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Figure 2. Low expression of miR-638 relative to U6 in the hepatocellular
carcinoma cell lines SMMC-7721 (P=0.021), HepG2 (P=0.005) and Hep3B
(P=0.003) compared with the healthy human hepatic HL-7702 cell line.
“P<0.01, "P<0.05, Student's  test. miR, microRNA.

ROC curve analysis for the diagnostic value of miRNA-638
expression in HCC tissue. ROC curve analysis was implemented
to identify the predictive value of miRNA-638 level in HCC.
As illustrated in Fig. 3, the area under the curve (AUC) was
0.71 (95% confidence interval=0.63-0.79; P=0.001). The cut-off
value for miR-638 expression was the median 2444 =0.125.

Target prediction of miR-638. Following the target predic-
tion analysis using eight databases, 6 validated target genes
and 10 qualified target genes were identified in =3 different
established miRNA-target prediction programs. They were
as follows: Tetraspanin 1 (TSPANI), cyclin-dependent kinase
2 (CDK?2), Sp2 transcription factor (Sp2), tumor protein p53
inducible nuclear protein 2 (TP53INP2), SRY-box 2 (SOX2),
breast cancer 1 (BRCA1), dishevelled binding antagonist of
beta catenin 3 (DACT3), StAR-related lipid transfer (START),
StAR-related lipid transfer domain containing 10 (STARDI0),
protein O-linked mannose N-acetylglucosaminyltransferase
1 (B 1,2-) (POMGNTI), transcription elongation regulator 1
like (TCERGIL), zinc finger protein 281 (ZNF281), vascular
endothelial growth factor A (VEGFA), hepatic leukemia factor
(HLF), basic, immunoglobulin-like variable motif-containing
(BIVM), neuronal PAS domain protein 4 (NPAS4) and
muskelin 1 (MKLN1) (Table III).

Discussion

miRNA alterations have been identified in numerous
human cancer types (4), which can act as oncogenes and/or
tumor suppressors (2). Each miRNA has hundreds or thou-
sands of mRNA targets and target genetic regions, such
as 3'-untranslated regions (UTRs), 5'-UTRs and coding
regions at the transcriptional level, subsequently affecting
protein expression (17,18). It has been demonstrated that
miRNAs are well preserved in FFPE tissue due to their
short length, thus underscoring the suitability of FFPE tissue
specimens as appropriate resources for miRNA expression
analyses (19-21). Currently, multiple methods are used to
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Table II. Association between the relative expression of miR-638 and the clinicopathological characteristics of patients with

hepatocellular carcinoma.

miR-638 expression

Clinicopathological No. of cases

characteristics (n=60) High (19) Low (41) P-value

Age, years 0.781
<50 26 9 17
=50 34 10 24

Gender 0.089
Female 13 7 6
Male 47 12 35

HBYV infection status 0.114
+ 44 11 33
- 16 8 8

Tumor size, cm 0.774
<5 22 6 16
>5 38 13 25

AFP level, pg/l 0.042
<20 20 10 10
>20 40 9 31

TNM stage 0.146
I+II 20 9 11
M+IV 40 10 30

Portal vein invasion status 0.025
Yes 22 3 19
No 38 16 22

Distant organ hepatic metastasis status 0.083
Yes 19 3 16
No 41 16 27

miR, microRNA; HBV, hepatitis B virus; TNM, tumor node metastasis; AFP, a-fetoprotein.
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Figure 3. Receiver operating characteristic curve of miR-638 for hepatocel-
lular carcinoma. The area under curve for miR-638 was 0.71 (95% confidence
interval=0.63-0.79; P=0.001). miR, microRNA.

identify and quantify miRNAs in tumor samples, including
microarray (22), RT-qPCR (23), RNA sequencing (24) and
in situ hybridization (25).

In the present study, RT-qPCR was performed to assess the
expression of miR-638 in FFPE tissue samples from patients
with HCC. miRNAs that have been validated and possess the
potential to affect cellular function are available at the miRNA
database miRBase (www.mirbase.org/) (26). The primers for
miR-638 were designed using the above miRNA database in
the present study. Previous studies have demonstrated that
miR-638 is downregulated in certain human tumor types,
such as gastric cancer (7), breast cancer (8), NSCLC (14) and
colorectal carcinoma (13). A previous study revealed that the
downregulation of miR-638 was present in 68% (41/60) of
primary human NSCLC tissue samples compared with that in
the paired healthy samples (14).

Lin et al (11) detected the expression of miR-638 in
high-density multiple organ tumor and healthy tissue micro-
arrays using in situ hybridization. This study reported that
the expression of miR-638 was markedly upregulated in
hepatocellular liver cancer tissue (n=20) compared with
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Table III. Target prediction of microRNA-638 following searching on eight different databases.
Database

Target Target DIANA microRNA.
gene RegRNA miRDB TargetScan RNA22-HSA Miner TOOLS org PITA
TSPAN1 + + +
CDK2 + +
Sp2 + + + +
TP53INP2 + + +
SOX2 + + + + + +
BRCALl + + +
DACT3 + + + +
STARD10 + + + +
POMGNT1 + + + + +
TCERGIL + + + + + +
ZNF281 + + + +
VEGF + + + +
HLF + + + + +
BIVM + + + + +
NPAS4 + + + + + +
MKLN1 + + + + +

+, the gene appears in the corresponding database. TSPANI, tetraspanin 1; CDK2, cyclin-dependent kinase 2; Sp2, Sp2 transcription factor;
TPS3INP2, tumor protein p53 inducible nuclear protein 2; SOX2, SRY-box 2; BRCAI, breast cancer 1; DACT3, dishevelled binding
antagonist of beta catenin 3; START, StAR-related lipid transfer; STARD10, StAR-related lipid transfer domain containing 10; POMGNT]1,
protein O-linked mannose N-acetylglucosaminyltransferase 1 (§ 1,2-); TCERGIL, transcription elongation regulator 1 like; ZNF281, zinc
finger protein 281; VEGFA, vascular endothelial growth factor A; HLF, hepatic leukemia factor; BIVM, basic, immunoglobulin-like variable
motif-containing; NPAS4, neuronal PAS domain protein 4; MKLN1, muskelin 1.

healthy liver tissue (n=5) samples. However, in the present
study, it was suggested that miR-638 serves a role as tumor
suppressor in HCC. The proportion of low expression miR-638
was 68.3% (41/60) among the 60 patients with HCC and the
relative expression of miR-638 in HCC tissue samples was
significantly lower compared with the expression in the healthy
control group. The conflicting data on miR-638 expression in
HCC may be explained by various factors, such as tissue speci-
ficity, different populations and small sample sizes. Notably,
miR-638 expression in HCC was detected in a small cohort
and the clinicopathological characteristics were not evaluated
in the previous study (11).

In the current study, miR-638 expression was detected in
a relatively larger sample size, which minimized the effect
of individual differences, and a full-panel analysis was
performed between miR-638 expression and the clinicopath-
ological characteristics of patients with HCC. In addition, a
lower expression of miR-638 was identified in several HCC
cell lines (HepG2, SMMC-7721 and Hep3B) compared with
the healthy human hepatic HL-7702 cell line. Furthermore,
the results of the present study demonstrated that serum
miR-638 expression was significantly lower in patients with
HCC compared with the healthy control group (P<0.001;
data not shown).

To the best of our knowledge, the present study is the
first to investigate the association between miR-638 expres-
sion and the clinicopathological characteristics of patients

with HCC. The results of the current study suggest that low
miR-638 expression correlates with AFP levels and portal
vein invasion status. Although statistically significant, the
correlation between AFP and low miR-638 expression was
weak. AFP was predicted as one of the potential target genes
of miR-638 following the use of established miRNA-target
prediction tools. Further studies into whether AFP expression
is regulated by miR-638 are warranted. The results of ROC
analysis indicate that miR-638 possesses a moderate diag-
nostic value in HCC, with an AUC of 0.71. Several studies
have demonstrated the potential of miRNAs as predictors of
therapeutic response and overall survival rate in patients with
cancer. A study performed by Parasramka et al (27) identified
miR-638 as one of the garcinol-specific miRNA biomarkers
that sensitize human pancreatic adenocarcinoma cells to the
combination treatment of garcinol and gemcitabine. Further-
more, miR-638 was identified as a potential predictor of early
virological response to interferon treatment in patients with
chronic hepatitis B (15). In addition, miR-638 was one of the
four miRNAs identified through genome-wide serum miRNA
profiling that predict the survival rate of patients with naso-
pharyngeal carcinoma (28). A previous study demonstrated
that the downregulation of miR-638 in colorectal cancer
predicts poor survival (13).

As the function and role of miR-638 in HCC remain
unclear, the present study aimed to identify the potential
target genes of miR-638. Following searching in eight
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different established miRNA-target prediction programs, the
following 16 genes were identified: TSPANI1, CDK2, Sp2,
TP53INP2, SOX2, BRCA1, DACT3, STARDI10, POMGNT]I,
TCERGIL, ZNF281, VEGF, HLF, BIVM, NPAS4 and
MKLNI1. Among these possible target genes, CDK2, Sp2,
TP53INP2, SOX2, TSPANI and BRCAL are verified target
genes of miR-638. Previous studies have demonstrated
that miR-638 inhibits cell proliferation by targeting Sp2 in
gastric cancer (7); inhibits cell proliferation and invasion;
and regulates cell cycle by targeting TSPANI in human
colorectal carcinoma (13). The results of a previous study
revealed that the downregulation of miR-638 promotes cell
proliferation and invasion, and induces mesenchymal-like
transition in NSCLC by directly targeting SOX?2, whereas
the upregulation of miR-638 can reverse the effect (14).
These results suggested that miR-638 may serve as a novel
tumor suppressor. However, the studies mentioned above
were performed in vitro or on animal models, and there are
no in vivo studies on miR-638 use as an anticancer therapy
at present. In addition to the verified targets of miR-638,
the potential target genes of miR-638, including DACT3,
STARDI10, TSPAN1, POMGNTI1, TCERGIL, ZNF281 and
VEGEF, have been demonstrated to serve important roles in
certain types of cancer. Previous studies have revealed that
DACTS3 serves a role as an epigenetic regulator in colorectal
cancer (29), and the loss of STARDIO expression identi-
fies a group of breast cancer patients with poor prognosis,
independently of erb-b2 receptor tyrosine kinase 2 and
triple negative expression status (30). Furthermore, previous
studies have suggested that POMGNT1 serves as a prognostic
factor for glioma patient survival (31) and that TCERGIL is
a risk marker for colon cancer in patients with ulcerative
colitis (32). ZNF281 has been identified to be involved in
epithelial-mesenchymal transition and cancer (33). Previous
studies have demonstrated that VEGF has various effects on
several types of cancer, including the promotion angiogen-
esis, invasion and migration (34,35). Presently, to the best of
our knowledge, there are no data that associate cancer with
BIVM, NPAS4 or MKLNI. The predicted and experimen-
tally verified targets of miR-638 may serve an essential role
in tumorigenesis and progression. A limitation of the present
study is the relatively small sample size. Thus, a larger cohort
study is required to establish the diagnostic value of miR-638
in HCC. Furthermore, in vitro and in vivo experiments are
required to define the role and underlying mechanism of
miR-638 involvement in the development and progression of
HCC.

In conclusion, the results of the present study have demon-
strated for the first time that the expression of miR-638 is
frequently decreased in HCC, and is correlated with AFP
levels and portal vein invasion status. This suggests that
miR-638 serves a significant role in the development and
progression of HCC. The findings of the present study and
the predicted target genes identified suggest that miR-638
acts as an oncomiR in HCC tumorigenesis and progres-
sion. Furthermore, it has been suggested that miR-638 has a
moderate diagnostic value in HCC. Therefore, miR-638 may
be considered as a potential novel predictor of HCC and a
target for promising alternatives of specific therapeutic treat-
ment for patients with HCC.
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