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Abstract

Background/Aims: Hepatocellular carcinoma is one of the most common cancers worldwide.
It has been suggested that microRNAs, a class of small regulatory RNAs, are associated
with tumorigenesis by targeting the mRNAs of hundreds of genes that modulate a variety
of biological processes, including cellular differentiation, apoptosis, metabolism, and
proliferation. Methods/Results: we analyzed the expression levels of mir-127 in 33 HCC and
non-cancerous tissues using qRT-PCR. MiR-127 is downregulated in 69.7% of HCC tissues
compared with adjacent normal tissues, but its expression level is not correlated with the TNM
stage, AFP level, or age. In vitro, miR-127 can arrest Huh7 at the G2/M phase and inhibit Huh7
cell proliferation. In an in vivo xenograft model, the overexpression of miR-127 can inhibit
Huh7 cell tumorigenicity. The luciferase reporter and western blot results confirm that miR-
127 downregulates Sept7 expression by targeting its 3'UTR. Furthermore, the knockdown of
Sept7 has the same effect on cell proliferation as the overexpression of miR-127 in Huh7 cells.
Conclusion: miR-127 plays a tumor-suppressor role and can serve as a potential diagnostic

biomarker for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer and the third
largest cause of cancer mortality worldwide [1, 2]. Most HCC cases are initially diagnosed
at an advanced stage because of the absence of routine screening means. Therefore, the
identification of a reliable biomarker for HCC is of great importance. Because the onset
and progression of HCC is a multistep process with genetic and epigenetic changes [3,
4], the identification of epigenetic changes in miRNAs (miRs) and their target genes may
provide effective tools for the early diagnosis and cancer therapy of HCC. MicroRNAs are
a class of naturally occurring, small noncoding RNAs that contain ~22 nucleotides. In
general, microRNAs regulate gene expression by targeting the 3’ untranslated region (3’-
UTR) of a specific mRNA [5, 6]. Initially identified in B-cell chronic lymphocytic leukemia
[7], the abnormal expression of microRNAs has been reported in many tumors. Similarly
to protein-coding genes, microRNAs can act as oncogenes or tumor-suppressor genes [8].
In human HCC, a number of miRNAs, such as miR-7, miR-101, miR-122, miR-125, miR-139,
miR-145, and miR-211, have been identified to be aberrantly expressed and can be applied
as prognostic markers [9]. The expression level of microRNA-26, which is downregulated in
HCC, is associated with survival and response to adjuvant therapy with interferon a [10]. The
previous studies all indicate that miRNAs play important roles in HCC.

miR-127 was initially identified by Altuvia et al. through bioinformatic and sequence
analysis, and its coding gene is located within the imprinted Dlk1/Gtl2 region, one of the
largestmicroRNA clusters[11,12].miR-127 playsanimportantroleinfetallung development,
and the overexpression of miR-127 in a fetal lung at an early stage can lead to defective
terminal bud formation and uneven lung development [13]. In a previous study, we showed
that miR-127 can modulate liver regeneration by targeting BCL6 and SETD8 [14]. In vitro,
miR-127 can modulate cell proliferation and senescence by targeting BCL6 [15] and regulate
cell migration via MMP13 in HCC cells [16]. A recent in vivo study linked mir-127 to HCC
carcinogenesis: miR-127 is downregulated after the administration of a methyl-deficient
diet, which induces hepatocarcinogenesis in rat [17]. However, the underlying mechanism
has not yet been extensively studied.

To explore the involvement and possible mechanism of mir-127 in HCC, we analyzed
the expression levels of mir-127 in 33 HCC and non-cancerous tissues. A functional study
was subsequently conducted on Huh?7 cells using miR-127 mimics. Cell growth and cell cycle
distribution analyses, as well as a luciferase reporter assay, were also performed.

Materials and Methods

Tissue specimens

We collected 33 paired HCC tissue samples (cancerous and surrounding nontumor hepatic tissues)
from patients with HCC during 2007-2011 at Shanghai Oriental Hepatobiliary Hospital. The corresponding
non-tumor tissues were obtained at least 5 cm away from the primary tumor.

Cell culture and transient transfection

The cell lines LO2 and Huh-7 were purchased from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). All of the cells were cultured in Dulbecco’s Modified Eagle’s medium
(DMEM) (Hyclone, USA) supplemented with 10% fetal bovine serum (Hyclone, USA) at 37°C in 5% CO,
and subcultured every 2~3 days. miR-127 mimics or a nonspecific sequence (negative control RNA) and
Sept7 siRNA and its negative control RNA were obtained from GenePharma (Shanghai, China). The cells
were seeded on six-well plates at a density of 3x10° cells/well. The transfections were performed using the
FuGENE HD Transfection Reagent (Roche, Basel, Switzerland) according to the manufacturer’s instructions.
The transfected cells were harvested at 36~48 h.
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Isolation of total mRNA and qRT-  Table 1. Primer used in the qRT-PCR analysis
PCR analysis of miRNA expression
The total RNA from the prepared

Primer Names Sequences (5'-3")
miR-127 AGAGGCGGACGGTGTCGTAGTTGAAGTGAGCCGTCCGCCTCTAGCCAAGC

HCC samples and cells was isolated GATGTCGGATCCGTCTGAGE
using the TRIzol reagent (Invitrogen), CGGTGTCGTAGTTGAAGTGAG
and the cDNA was synthesized follo- U-6 GTGCCTGCTTCGGCAGCACATA
wing the manufacturer’s protocols TGGAACGCTTCACGAATTTGCGTGTC
(MBI Fermentas). The miR-127 se- B-Actin TGATATCGCCGCGCTCGTCG
quence was obtained from the miR- ACCCATGCCCACCATCACGC
Base database (http://www.mirbase. Bcl-6 GAGCCTTTGCCCCCAGCCTG
org). qRT-PCR was performed using a GGGGTTGGCCACAGGCATCC
standard SYBR-green PCR kit (DBI), Mapk4  TGGTCGGAAATCTTCGTTTC
and the gene-specific PCR amplifica- ATTGGTGCCTTCAACCTCAC
. . . Setd8 GCAAACTTACGGATTTCTACCCT
tion was performed using the Applied
. . CATTCCTTCTTCCTTCCCACTT
Biosystems 7300 Sequence Detection
Sept7 AGGGCAGCTGACTAAGAGCCC

system (Applied Biosystems, USA).
The qRT-PCR reactions, including the
no-template controls, were performed
in triplicate. The miR-127 expression

TCATTTGCTCATGGCGCCGCT

Table 2. Vector construction, miR-127 mimics, and Sept 7 siRNA

was calculated using ACt= (Ct_ . .,.- sequences

Ct,,), and the expression levels of the NAME Seameness (G-

other genes were calculated using ACt= Sept7 3-UTR ACGTCTAGAGACCACCAGTTATGTATTAGTTGC
(Ct-Cty,,,,,). The relative expression of GATGGCCGGCCGGTAGAAACAGGCTGGTCGTA

miR-127 was calculated using the 2% gept7-Mu 3-UTR  CATCAGTGTTTGTTGACGCAGTTTGACCAATTTGC

method (AACt=ACt  -ACt ). The
umor normal

primers used are listed on Table 1.

GCAAATTGGTCAAACTGCGTCAACAAACACTGATG

miR-127 mimics UCGGAUCCGUCUGAGCUUGGCU

by ﬂOW CCAAGCUCAGACGGAUCCGAUU
miRNA NC sense  UUCUCCGAACGUGUCACGUTT
ACGUGACACGUUCGGAGAATT

Cell cycle analysis

cytometry

The cells were transfected with
miR-127 mimics or the negative cont-
rol. After incubation for 48 h, the cells ACGUGACACGUUCGGAGAATT
were harvested. For the cell cycle analy- Sept7-siRNA UCACCUUCACAAGCAAGUUTT

sis, the cells were fixed with 75% etha- AACUUGCUUGUGAAGGUGATT

siRNA NC UUCUCCGAACGUGUCACGUTT

nol overnight and then washed twice with ice-cold phosphate buffered saline (PBS) containing 2% FBS. The
cells were then centrifuged, resuspended in RNase-containing (1:100 in dilution) PBS on ice, stained with PI
for 30 min, and analyzed using a flow cytometer. The data acquisition and analysis were performed using a
FACS cytometer (FACS, CA, USA). A total of 1x10° cells were scanned in each analysis. Each experiment was
repeated at least three times.

Luciferase reporter constructs, site-directed mutagenesis, and luciferase reporter assay

The 3’-UTR of Sept7, which contains the miR-127 response element, was cloned into the pGL4.13
luciferase reporter vector (Promega) between the Xbal and Fsel restriction sites using a directional RT-PCR
cloning strategy. The 3’-UTR mutant of Sept7 was synthesized by PCR using the primers listed in Table
2. The resulting luciferase reporter constructs, pGL-Sept7-UTR and pGL-Sept7-Mu-UTR, which contain the
wild-type 3’-UTR and the mutant 3’-UTR of Sept7, respectively, were sequenced to ensure accuracy. Huh7
cells were seeded in a 24-well plate (1x10° cells per well) and transfected with 200 ng of the indicated
luciferase reporter constructs with miR-127 mimics or miRNA NC. Each sample was cotransfected with
20 ng of the renilla luciferase control vector pGL4.70 (Promega) to monitor the transfection efficiency. The
pGL4.13 control vector was used as a control. Forty-eight hours after transfection, all of the protein extracts
were analyzed using the dual luciferase reporter assay system (Promega).

Western blot analysis
The tissues and cells were lysed in RIPA lysis buffer (Beyotime). The lysates were sonicated and
centrifuged at 12,000 rpm and 4°C for 10 min. The same amounts of protein were separated using 10-15%
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odium dodecyl sulfate-polyacrylamide gel electrophoresis (the exact concentration was determined by the
molecular weight of the detected proteins) and transferred to nitrocellulose membranes (Millipore). For
immunodetection, the membranes were incubated with specific antibodies (anti-Sept7 and anti-B-actin;
Sigma). The immunoblots were developed using horseradish peroxidase (HRP)-coupled anti-mouse or anti-
rabbit secondary antibodies (ProteinTech Group) and then detected with enhanced chemiluminescence
(Pierce Biotechnology). The -actin protein was used as a control.

Bioinformatics and statistical analysis

The predicted target genes of miR-127 were determined by Targetscan (http//www.targetscan.org)
and PicTar (http//pictarmdc-berlin.de/). The results were compared using Student’s t test and one-way
ANOVA, and the data are expressed as the means and standard deviations of at least three independent
experiments. All of the P values were two-tailed and were obtained using GraphPad prism 6. A P value of less
than 0.05 was considered statistically significant.

Results

MiR-127 is downregulated in HCC and hepatoma cell lines

To determine whether miR-127 is decreased in hepatocellular cancer, qRT-PCR was
used to analyze 33 paired HCC tissue samples. Using U6 as the endogenous control, the
results showed that miR-127 is downregulated in 69.7% (23/33) of cancer tissues compared
with the matching adjacent normal tissues, and the expression level of miR-127 in HCC was
significantly lower than that observed in the adjacent tissue (P < 0.01; Fig. 1A). In a previous
study, we showed that the expression level of miR-127 in Huh7, a HCC cell line, is lower
compared with the levels observed in the rat liver, BRL3A cells, and primary hepatocytes
[14]. Therefore, the expression level of miR-127 was further examined in the human hepatic
cell line LO2 and several hepatoma cell lines, including HepG2, Hep3B, Huh7, and SMMC-
7721. Our data reveal that a significant reduction of miR-127 expression is observed in liver
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Fig. 2. miR-127 modulates Huh7 cell proliferation. (A) Cell cycle analysis of Huh7 cells transfected with
miR-127 mimics (miR-127) or miRNA negative control (miR-NC). The cells were analyzed by flow cytome-
try. (B) Proliferation of Huh7 cells transfected with miR-127 mimics (miR-127) or miRNA negative control
(miR-NC). The proliferation was examined at the indicated times through the methyl thiazol tetrazolium
assay.

Fig. 3. MiR-127 suppresses Huh7 cell growth in vivo.
(A) In vivo subcutaneous tumor volume growth cur-
ves of Huh7 cells transfected with miR-127 mimics
(miR-127) or negative control (NC) (n=4).*P <0.01
by Student’s t-test. (B) Photograph illustrating re-
presentative features of mouse tumors derived from
Huh7 cells 15 days after treatment with miR-127 or
NC. (C) Effects of miR-127 on hepatocellular carci- — 73
noma tumor growth in subcutaneous tumor models.

x>
@
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cancer cell lines (P < 0.01) compared with the miR-127 expression level in LO2 cells (Fig.
1B). Collectively, our results indicate that miR-127 is downregulated in HCC tissues and cell
lines.

Correlations between the expression of miR-127 and clinicopathological features

The correlation between miR-127 expression and the clinical features of 33 HCC are
shown in Fig. 1C-1F. The expression of miR-127 was not significantly associated with portal
vein tumor thrombus (P = 0.8385), TNM stage (P = 0.4044), serum AFP concentration (P =
0.6611), and age (P = 0.2385).

miR-127 modulates cell growth and G2/M arrest in Huh7 cells

The frequent downregulation of miR-127 in HCC tissues and cell lines suggests that
miR-127 may act as a tumor-suppressor gene in HCC. To confirm this hypothesis, the effect
of ectopic miR-127 on cell growth was evaluated in Huh7 cells. Briefly, Huh7 cells were
transfected with a miR-127 mimic or specific NC and then subjected to a MTT cell viability
assay and flow cytometry analysis. The transfection efficiency of the miR-127 mimic was
confirmed by qRT-PCR. As shown in Fig. 2A, the percentages of G2/M-phase cells in miR-127
and miRNA NC groups were 24.837 = 1.613% and 19.497 = 0.789%, respectively, and the
percentages of cells in the S phase were 33.077 + 0.969% and 36.930 + 1.797%, respectively.
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Fig. 4. miR-127 target genes expression in HCC. The mRNA levels of potential target genes of miR-127 were
determined using the Oncomine microarray database (https://www.oncomine.org) in normal and HCC tis-
sues. In the box plot, the boxes represent the interquartile range, the whiskers represent the 10th-90th
percentile range, and the bars represent the median. (A) The mRNA expression levels of BCL6, MAPK4, and
SETD8 exhibit no significant difference between normal liver and HCC. (B) The mRNA expression of Sept7
presents a significant difference between liver and HCC, and western blots for Sept7 in four paired pair
tissues were performed.

This finding indicates that Huh7 cells are arrested in the G2/M phase after the transfection
of miR-127 mimics. In addition, miR-127 can markedly reduce Huh7 cell growth at 96 h (P
< 0.05) compared with the NC group, as determined by cell proliferation analysis (Fig. 2 B).

Effect of miR-127 on Huh?7 cell tumorigenicity

To determine the role of miR-127 in hepatocarcinogenesis, an in vivo xenograft model
was employed. miR-127-transfected Huh7 cells were injected into one of the posterior flanks
of a nude mouse, and NC-transfected Huh7 cells were injected into the opposite posterior
flank of the same nude mouse. The growth of tumors in response to the injection of these
two cells was monitored based on their volume and weight for a period of approximately
two weeks (Fig. 3A). Two weeks after injection, the tumors were removed from the nude
mice and photographed. As shown in Fig. 3B-C, the miR-127-transfected cells did not induce
tumor formation in one mouse, and the other three tumors formed as a result of the injection
of miR-127-transfected cells were significantly smaller than those obtained with the NC-
transfected cells (P < 0.01). These data indicate that miR-127 overexpression significantly
inhibits the tumorigenicity of Huh7 cells in nude mice xenograft models.

miR-127 downregulates Sept7 expression

To explore the underlying mechanism of miR-127 in HCC, we sought to identify its
target genes. Using bioinformatics tools (TargetScan and miRanda), we selected several
potential target genes of miR-127 that may participate in HCC. Although miR-127 is reduced
in HCC samples, its target genes, such as Bcl6 [18], Setd8 [14], and Mapk4 [19], which have
been confirmed to be important in the onset and progression of cancer expression, are not
increased (data not shown). Moreover, the mRNA expression level of these target genes
in the Oncomine microarray database (https://www.oncomine.org) shows no significant
difference between HCC tissues and normal liver tissues (Fig. 4A) [20]. Interestingly, we
found that Sept7 is upregulated at the mRNA and protein levels (Fig. 4B), which indicates
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Fig. 5. Sept7 is a target gene of miR-127 in
Huh7 cells. (A) qRT-PCR and western blot
analysis for Sept7 after the transient transfec-
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Fig. 6. Downregulation of Sept7 suppress Huh7 cell proliferation. (A) The proliferation of Huh7 cells trans-
fected with Sept7 siRNA or siRNA-NC was examined at the indicated times through the methyl thiazol tet-
razolium assay. The data from three independent experiments are shown as the means + SD (*P < 0.05). (B)
The proliferation of Huh7 cells transfected with miR-NC or Sept7 siRNA was examined at the indicated times
through the methyl thiazol tetrazolium assay.

that its expression is inversely correlated with the expression level of miR-127. This finding
is consistent with the data found in the Oncomine microarray database [20].

To validate whether Sept7 is regulated by miR-127, we further examined the
expression of Sept7 in Huh7 cells treated with miR-127 mimics. Our data show that miR-
127 overexpression strongly suppresses Sept7 expression at both the mRNA and protein
levels (Fig. 5A). To obtain direct evidence that miR-127 regulates Sept7 expression via post-
transcriptional effects on its 3’'UTR, we constructed a luciferase reporter plasmid containing
the 3’'UTR of Sept7. As shown in Fig. 5B, the luciferase activity in the Luc-Sept7-UTR-
transfected cells was significantly decreased compared with the luciferase activity of the
cells transfected with the Sept7 3’'UTR (target site of miR-127) mutant or the NC.

Sept7 suppression is critical for miR-127-induced G2/M arrest in Huh7 cells

To evaluate the effects of Sept7 suppression on HCC progression, we inhibited the
endogenous Sept7 expression by specific siRNAs. As shown in the Fig. 6A, the percentages
of G2/M-phase cells in the siRNA-NC and Sept7 siRNA groups were 19.360 * 0.756% and
24.303 * 0.864%), respectively, and the percentages of S-phase cells were 25.413 * 0.816%
and 18.017 + 1.244%, respectively. These effects are consistent with those obtained with the
overexpression of miR-127.
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Discussion

The aberrant expression of miRNAs plays an important role in carcinogenesis by
affecting multiple target genes [21]. In a clinical retrospective study, a miRNA profile can
reflect the developmental lineage and differentiation state of the tumors [22]. In the present
study, we found that miR-127 is commonly downregulated in HCC tissues and hepatoma cell
lines. Our data are in accordance with some previous studies that showed that miR-127 is
downregulated in cancers, including primary prostate tumors, bladder tumors, colon tumors
[18], primary breast tumors [15], gastric cancer [19], and glioblastoma [23]. However, in the
serum of patients with esophageal squamous cell carcinoma, the concentration of miR-127
is significantly higher than that obtained in normal controls [24].

Although its function is controversial, most lines of evidence support the finding that
miR-127 plays a tumor-suppressive role in many tumors. In our investigation, the biological
function of miR-127 was also confirmed through in vitro and in vivo studies. Our data show
that the overexpression of miR-127 can suppress Huh7 cell proliferation and tumorigenicity.

To further explore the underlying mechanism, we also identified the expression levels
of potential target genes of miR-127 in HCC by qRT-PCR and luciferase reporter assays.
In gastric cancers, miR-127 can regulate cell migration by targeting Bcl6 and Mapk4 [16,
19], and its expression level is associated with the TNM stage of gastric cancer patients
[19]. However, our data show that the expression levels of Bcl6 and Mapk4 exhibited no
significant changes between HCC tissues and adjacent normal tissues; in addition, we did
not find a correlation for miR-127 with portal vein tumor thrombus and TNM stage in HCC.
In our study, we found that Sept7 expression is inversely correlated with the expression of
miR-127, and a western blot analysis confirmed this finding. Sept7, a member of the septin
family, is a highly evolutionarily conserved subfamily of GTPases. Septins can be classified
into four groups, namely SEPT2, SEPT3, SEPT6, and SEPT7 [25, 26], and all septins influence
cellular processes by polymerizing into a hetero-oligomeric protein complex that can form
filaments [27]. Moreover, different septins may have different functions. In agreement with
this, the knockout of certain septins, such as Sept1, in mice has failed to produce a phenotype,
whereas the knockout of Sept7 is embryonic lethal. Sept7 is abundantly expressed in the
central nervous system (CNS), and previous studies have shown that its abnormal expression
is associated with Alzheimer’s disease, nervous system cancer, Down’s syndrome, and male
infertility [27]. Sept7 is downregulated at the mRNA level in glioma, and the overexpression
of Sept7 can suppress glioma cell growth by arresting the cells at the G1/S phase [28,
29]. However, our results show that Sept7 expression is increased in HCC tissues and that
the downregulation of Sept7 can inhibit Huh7 cell proliferation by contributing to G2/M
blockage, which contradicts its function in glioma. Further studies are needed to uncover the
varied mechanisms underlying these biological processes.

Alpha-fetoprotein (AFP) is one of several oncofetal proteins synthesized in large
amounts by the fetus, and its synthesis is repressed in healthy adults. Increased AFP levels
are often a biomarker for HCC [30, 31], but its expression can be very high in some non-
cancerous liver disease and can be low in some HCC patients [32]. Our results show that
miR-127 expression has no correlation with the AFP concentration in the patients’ serum
(Fig. 1E), indicating that miR-127 may be an independent biomarker for HCC or can be used
in combination with AFP or other biomarkers to enhance the accuracy of the diagnosis of
HCC.

In summary, our findings demonstrate that miR-127 plays an important role in HCC.
The results reveal that miR-127 is decreased in HCC and that the overexpression of miR-
127 inhibits Huh7 cell growth in vitro and in vivo. Furthermore, we identified that miR-127
can regulate Sept7 expression at the post-transcription level and the Sept7 suppression is
essential for miR-127-induced cell cycle arrest. Further studies need to expand the sample
size to confirm whether miR-127 can be an effective biomarker for clinical use.
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