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Abstract: Colorectal cancer (CRC) is the second most common cancer in the world. The incidence of this cancer is
increasing in the developing countries. Mechanism of CRC tumorigenesis has been widely studied at the molecular
levels, and has been recently proposed microRNAs as novel players in CRC. It has been reported that microRNA-
138-5p (MiR-138-5p) play key roles in different kinds of human cancers. However, the roles and underlying molecu-
lar mechanisms of miR-138-5p in CRC have not been adequately elucidated. Thus, the aim of the present study was
to investigate the roles and possible regulatory mechanisms of miR-138-5p in CRC. In this study, we demonstrated
that miR-138-5p was significantly down-regulated in CRC tissue samples and cell lines. Functional analyses indi-
cated that the overexpression of miR-138-5p significantly delayed cell proliferation, reduced colony formation and
increased apoptosis in CRC cell lines. Moreover, human telomerase reverse transcriptase (hTERT), an important
oncogene in the management of tumors, was confirmed as a direct target of miR-138-5p in CRC cells. We also found
that the hTERT expression was increased in CRC tissues and was inversely correlated with miR-138-5p. Further
study showed that the restoration of hTERT expression by an overexpressing plasmid could reverse the effects of
miR-138-5p on proliferation and apoptosis of CRC cells. Taken together, these data defines a major suppresses
proliferation and promotes apoptosis role for miR-138-5p, a microRNA functions as a tumor suppressor in CRC, by
directly targeting hTERT, which would be provide a new strategy for future CRC therapies.

Keywords: CRC, MicroRNA-138-5p, hTERT, proliferation, apoptosis

Introduction tions in miRNA expression are thought to play
important roles in cancer initiation and progres-
sion through regulating the expression of vari-
ous oncogenes and tumor suppressors [7-9].
Recent research has showed that miRNAs such
as miR-320b, miR-203, miR-451, miR-187, miR-
146a, miR-124, miR-101 and miR-34a have
been found to regulate the progress in CRC [10-
17]. Additionally, miR-138-5p has been found
to be regulate tumor progression in a variety of

Colorectal cancer (CRC) is one of the most fre-
quent cancers and leading a significant contrib-
utor to cancer death worldwide [1-3]. Despite
the availability of treatments such as surgery
and chemotherapy for CRC, the survival of this
disease remains unsatisfactory [4]. It is an
urgent need to look for effective novel antican-
cer agents for the treatment of human CRC.

Thus, increased understanding of molecular
mechanism involved in CRC formation and
development is important.

MicroRNAs (miRNAs) are a family of small non-
coding RNAs that regulate protein coding gene
expression by binding to the 3’-untranslated
regions (UTRs) of mRNAs [5]. A large body of
evidence has indicated that miRNAs modulated
multiple important physiological processes
such as cancer development [6]. Thus, altera-

cancers, including larynx carcinoma, bladder
cancer, prostate cancer, pancreatic cancer, cer-
vical cancer, thyroid carcinoma and oral squa-
mous cell carcinoma [18-24]. However, the
characterization and precise molecular mecha-
nisms of miR-138-5p involved in regulating CRC
progression remain unknown.

hTERT is the catalytic subunit of telomerase,
which is repressed in normal tissue, but highly
expressed in most human tumors and immortal
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cell lines. It also appears to play animportant
role in tumorigenesis [25-27]. miR-138-5p has
been reported to be involved in the carcino-
genesis and development of various types of
cancer by directly targeting hTERT [22, 23].
However, whether miR-138-5p function as a
tumor suppressor by inhibiting hTERT in hu-
man CRC remains unclear.

In the present study, we investigated the pot-
ential involvement of miR-138-5p in CRC. We
demonstrated that the expression level of miR-
138-5p was markedly down-regulated in CRC
cell lines and clinical tissues samples. Further-
more, overexpression of miR-138-5p could inhi-
bit proliferation and promote apoptosis in CRC
cells. More importantly, we predicted hTERT to
be the downstream target of miR-138-5p in
CRC cells. Thus, our data suggest that miR-
138-5p may be a potential therapeutic target
for treating CRC.

Materials and method
Patients and samples

18 paired human CRC tissues and normal cor-
responding tissues were obtained from archiv-
ed tissue samples from patients with colorectal
cancer who underwent surgical treatment in
the Department of General Surgery, Affiliated
Hospital of North China University of Science
and Technology from July 2013 to August 2015.
The specimens were immediately snap-frozen
and stored at-80°C in an ultra-low temperature
refrigerator until total RNA was extracted. No
patient had undergone chemotherapy, radio-
therapy and adjuvant treatment before surgery.
The study was approved by the Institutional
Research Ethics Committee of Affiliated Hos-
pital of North China University of Science and
Technology. For the use of these clinical materi-
als for research purposes, informed consent in
writing was obtained from each patient.

Cell culture

Five human CRC cell lines (SW620, SW480,
LOVO, HCT116, HT29) and a normal colon
epithelium cell line (FHC) were purchased from
the Institute of Biochemistry and Cell Biology of
the Chinese Academy of Sciences (Shanghai,
China). 293T cell lines were purchased from
the China Cell Culture Center (Shanghai, China).
All the cells were cultured in RPMI 1640 (Hy-
clone, USA) medium, supplemented with 10%
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fetal bovine serum (FBS, Gibco, USA) and anti-
biotics (100 U/ml penicillin and 100 ug/ml
streptomycin) (Invitrogen, China). The cells were
keptin an incubator in a humidified atmosphere
with 5% CO, at 37°C.

RNA extraction and quantitative real-time PCR
(qQRT-PCR)

Total RNA from tissue samples and cells was
extracted using an RNeasy mini kit (Qiagen,
Japan) for both miR-138-5p and hTERT mRNA
analyses according to the manufacturer’s instr-
uctions. RNA quality were measured using the
Agilent 2100 Bioanalyzer (Agilent Technologies,
USA). cDNA synthesis was performed using
PrimeScript RT reagent Kit (Takara, China)
according to the manufacturer’s instructions.
For detection of miR-138-5p and hTERT mRNA
expression, gPCR was performed using the
miScriptSYBR® green PCR Kit (Qiagen, USA)
according to the manufacturer’s protocol. The
relative expression levels of interest gene were
calculated by the 222t method. U6 and B-actin
were used as internal controls for miRNAs
and mRNAs. the primer for miR-138-5p were:
5-AGC TGG TGT TGT GAA TCA GGC CG-Z
(sense) and 5-TGG TGT CGT GGA GTC G-3’ (anti-
sense), and their reverse primer was the univer-
sal primer supported by the miScriptSYBR®
green PCR Kit (Qiagen, USA). The hTERT mRNA
forward primer was 5-GCA AGT TGC AAA GCA
TTG GA-3’ and the reverse primer was 5-ACC
TCT GCT TCC GAC AGC TC-3'. The B-actin primer
forward primer was 5-GGC ACC ACA CCT TCT
ACA ATG AG-3’' and the reverse primer was
5-GGA TAG CAC AGC CTG GAT AGC A-3.

Cell transfection

miR-138-5p mimic and corresponding mimic
negative control (mimic NC), miR-138-5p inhibi-
tor and corresponding inhibitor negative control
(inhibitor NC) were designed and brought from
GenePharma (Shanghai, China). The fragment
of hTERT was amplified by RT-PCR from the
tumor tissue and was cloned into eukaryotic
expression vector pcDNA3.1, pcDNA3.1-hTERT
plasmid was established to make human hTERT
overexpression. These molecular productions
were transiently transfected into SW480 and
HT29 cells using Lipofectamine 2000 Reagent
(Invitrogen, USA) according to the manufactur-
er’s protocol.
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Cell proliferation assay

Cell viability was measured using cell counting-
kit-8 (CCK-8, Dojindo, Japan), according to the
manufacturer’s instruction. At 24 h post-trans-
fection with miR-138-5p or mimics NC, SW480
and HT29 cells were seeded onto 96-well
plates (2x10° cells/well), and cell proliferation
was documented every 24 h for 5 days. The
number of viable cells was assessed by mea-
surement of the absorbance at 450 nm using a
microplate reader (Tecan, Austria).

Colony formation assay

SW480 and HT29 cells (500 per well) were
seeded into a 12-well cell culture plate for 2
weeks. Subsequently, cells were washed twice
with PBS, the colonies were stained with 1%
crystal violet for 5 min after fixation with 4%
paraformaldehyde for 10 min. Colonies were
microscopically examined and counted. The
assays were repeated 3 times.

Flow cytometry analysis apoptosis

Cell apoptosis was examined by flow cytometry.
Briefly, SW480 and HT29 cells were harvested
after transfection for 48 h, trypsinized and
washed twice with phosphate buffered saline
(PBS). Cells (4x10%/ml) were collected with | mL
PBS and centrifuged at 1000 rpm for 10 min.
The cells were suspended in 500 L of Binding
Buffer and detected using an annexin V-fluore-
scein isothiocyanate (FITC)/Pl apoptosis detec-
tion kit (BD Biosciences, USA) according to the
manufacturer’s protocol under a FACS Calibur
flow cytometer (BD Biosciences, USA). The
apoptosis ratio was calculated using Cell Quest
software (BD Biosciences, USA).

Western blot analysis

The cells in each well were harvested and lysed
using a lysis buffer (Beyotime, China) contain-
ing proteinase and phosphatase inhibitor cock-
tails (Sigma-Aldrich, USA). The protein concen-
trations of the lysates were determined using
a bicinchoninic acid protein assay kit (Pierce
Biotech, USA). An aliquot of the lysate contain-
ing 50 pg proteins was subjected to sodium
dodecyl sulfate polyacrylamide gel electropho-
resis and then transferred to polyvinylidene
fluoride membranes. The membranes were
blocked with 5% nonfat milk for 1 hr and then
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incubated overnight at 4°C with the following
specific primary antibodies. The primary anti-
bodies used include rabbit polyclonal anti-
human hTERT (Santa Cruz Biotechnology, USA)
and mouse monoclonal anti-human [-actin
(Santa Cruz Biotechnology, USA). After three
times washing, the membranes were incubated
in horseradish peroxidase-conjugated second-
ary antibody (Amersham Biosciences, USA) for
1 hr at room temperature. Then, the protein
band was visualized using the ECL Western
blotting substrate (Promega, USA).

Vector construction and luciferase activity as-
say

For luciferase reporter experiments, luciferase
reporter assays were performed in 293T cells.
Cells were cotransfected with psiCheck-2 re-
porter plasmid (Promega, USA) containing the
wild type or mutant type of hTERT 3’UTR, along
with mimic negative control (NC), miR-138-5p
mimic, inhibitor NC and miR-138-5p inhibitor by
the Lipofectamine 2000 (Invitrogen, USA). The
cells were harvested 24 h after transfection,
and luciferase activity was measured with a
dual luciferase reporter assay kit (Promega,
USA) on a luminometer (Lumat LB9507, Ger-
many).

Statistical analysis

GraphPad Prism 5.0 software and the SPSS
16.0 software was used to conduct all the sta-
tistical analyses. The results are represented
as mean + S.D. (standard deviation) of at least
three independent experiments. The differenc-
es between two experimental conditions were
compared on a one-to-one basis using two-
tailed Student’s test. Values of P<0.05 was
considered to be statistically significant.

Results

miR-138-5p expression is down-regulated in
human CRC tissues and cell lines

In order to explore the role of miR-138-5p in
human CRC, we detected the expression level
of miR-138-5p in 18 paired human CRC tissues
and normal corresponding matched tissues
using qRT-PCR. miR-138-5p was significantly
decreased in CRC tissues compared to that in
their matched normal tissues (Figure 1A,
P<0.01). Furthermore, we examined the miR-
138-5p expression in the normal colon epithe-
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Figure 1. qRT-PCR analysis of miR-138-5p expression in CRC tissue samples and cells. A. Expression of miR-138-5p
in 18 pairs of CRC tissue samples and adjacent normal tissues was detected by qRT-PCR, U6 was used as internal
control. Data are showed as mean £ S.D. (n = 3). **P<0.01 vs normal. B. The expression levels of miR-138-5p in 5
human CRC cells (SW620, SW480, LOVO, HCT116, HT29) and normal colon epithelium cell line (FHC) were detected
by gRT-PCR. Data are showed as mean + S.D. (n = 3). **P<0.01 vs FHC.

lium cell line (FHC) and 5 CRC cell lines, includ-
ing SW620, SW480, LOVO, HCT116 and HT29.
Compared with the FHC, miR-138-5p was also
down-regulated in all of the 5 CRC cell lines
(Figure 1B, P<0.01). Based on the results, the
down-regulated expression of miR-138-5p may
participate in the development of CRC.

Re-expression of miR-138-5p in CRC cell lines
inhibits cell growth, colony formation and en-
hances apoptosis

To study the effects of miR-138-5p expression
on CRC cells, miR-138-5p mimics or mimics NC
was transfected into SW480 and HT29 cells,
and gRT-PCR used to confirm up-regulated of
miR-138-5p (Figure 2A). The effects of miR-
138-5p expression on CRC growth were then
examined by a CCK-8 assay and colony forma-
tion assays, both SW480 and HT29 cells trans-
fected with miR-138-5p mimics all reduced cell
proliferation than the mimics NC group (Figure
2B, 2C). Similarly, colony formation capacity
was significantly reduced in SW480 and HT29
cells by miR-138-5p mimics transfection when
compared with mimics NC transfection (Figure
2D). In addition, Flow cytometric analysis show-
ed that transfected with miR-138-5p mimics
significantly enhanced apoptosis in SW480 and
HT29 cells (Figure 2E, 2F).

miR-138-5p targets the 3’'UTR of hTERT in CRC
cells

To explore the underlying mechanism of miR-
138-5p in regulating cellular growth and apop-
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tosis in CRC, the predicted target genes of miR-
138-5p were screened by TargetScan and RNA-
hybrid algorithms assay. We found that hTERT
target for miR-138-5p since there was a puta-
tive miR-138-5p binding sites within the 3'UTR
of hTERT mRNA (Figure 3A). To test whether
hTERT is a directly target of miR-138-5p, we
constructed luciferase reporter plasmids with
WT/Mut hTERT 3’UTR. Next, these constructs
were transfected into 293T cells with miR-138-
5p mimics or miR-138-5p inhibitor. Luciferase
activity indicated that transfection of miR-138-
5p mimics in the wild-type group efficiently re-
duced the expression of the luciferase reporter
compared with transfection of mimics NC, but
transfection of miR-138-5p inhibitor in the wild-
type group efficiently increased the expression
of the luciferase reporter compared with trans-
fection of inhibitor NC. However, there was no
effect was observed in the mut-type group, sug-
gesting that miR-138-5p efficiently controls
hTERT expression directly with the 3'UTR of
hTERT mRNA (Figure 3B). To validate the miR-
138-5p regulation of hTERT in human CRC,
SW480 and HT29 cells were transfected with
the miR-138-5p mimic or mimics NC. QRT-PCR
results showed that upregulation of miR-138-
5p expression in SW480 and HT29 cells could
decrease hTERT mRNA level (Figure 3C). Wes-
tern blotting results showed that upregulation
of miR-138-5p in SW480 and HT29 cells could
also decrease hTERT expression on protein
level (Figure 3D). These data showed that miR-
138-5p can downregulate hTERT expression by
directly targeting its 3’'UTR in CRC cells.

Int J Clin Exp Pathol 2017;10(12):11516-11525
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Figure 2. Overexpression of miR-138-5p delayed cell proliferation, colony formation and enhances apoptosis. A.
QRT-PCR analysis of miR-138-5p in SW480 and HT29 cells transfected with miR-138-5p mimics or mimics NC.
**P<0.01 vs blank. B. The CCK8 assay on the proliferation of SW480 cells following transfection with miR-138-5p
mimics or mimics NC. C. The CCK8 assay on the proliferation of HT29 cells following transfection with miR-138-5p
mimics or mimics NC. D. Colony formation assays of SW480 and HT29 cells transfected with miR-138-5p mimics or
mimics NC. E, F. Flow cytometry analysis of apoptosis in miR-138-5p mimics or mimics NC transfected SW480 and

HT29 cells. Data are showed as mean £ S.D. (n = 3). **P<0.01 vs mimics NC.
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Figure 3. miR-138-5p targets hTERT in human CRC cells. A. The seed regions
of the miR-138-5p target sites in hTERT. B. A luciferase reporter plasmid
containing wild hTERT 3’UTR or mutant hTERT 3'UTR was transfected into
293T cells alone, cotransfected with mimic NC or miR-138-5p mimic, or with
inhibitor NC or miR-138-5p inhibitor and luciferase activity was measured.
C. gRT-PCR detection of hTERT mRNA expression in miR-138-5p mimics or
mimics NC transfected SW480 and HT29 cells. D. Western blot detection of
hTERT protein expression in miR-138-5p mimics or mimics NC transfected
SW480 and HT29 cells. Data are showed as mean + S.D. (n = 3). **P<0.01.

hTERT is up-regulated in CRC tissues and is in-
versely correlated with miR-138-5p expression

To study the association between miR-138-5p
and hTERT, we evaluated the expression of
hTERT in human CRC tissues and adjacent nor-
mal tissues. Western blotting results showed
that hTERT protein level was up-regulated in 7
paired human CRC tissues when compared
with corresponding normal tissues (Figure 4A).
QRT-PCR results showed that hTERT mRNA
expression was also up-regulated in 18 paired
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Here, we sought to further ver-
ify whether these effects we-
re mediated through hTERT.
SW480 and HT29 cells were
transfected with miR-138-5p
mimic for 24 h and followed by
transfection with hTERT over-
expression vectors. The cell pr-
oliferation was determined by
a CCK-8 assay. We found that
overexpression of hTERT could rescue miR-
138-5p mimic induced inhibition of prolifera-
tion in SW480 and HT29 cells (Figure 5A). In
addition, the cell apoptosis were determined by
flow cytometry, overexpression of hTERT could
also reverse miR-138-5p mimic induced apop-
tosis in SW480 and HT29 cells (Figure 5B).
These results clearly demonstrated that over-
expression of hTERT could at least partially
abrogates the anti-tumor effects of miR-138-
5p mimic on human CRC cells. Therefore, miR-
138-5p may functions as a tumor suppressor

Int J Clin Exp Pathol 2017;10(12):11516-11525
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Figure 5. Overexpression of hTERT could partially reverse miR-138-5p mimic induced cell proliferation and apop-
tosis on human CRC cells. SW480 and HT29 cells were transfected with miR-138-5p mimic or co-transfected with
miR-138-5p mimic and overexpression hTERT vectors. A. The cell proliferation was determined in SW480 and HT29
cells by CCK-8 assay. B. The cell apoptosis was determined in SW480 and HT29 cells by flow cytometry. Data are
showed as mean + S.D. (n = 3). *P<0.05, **P<0.01 vs blank; #P<0.01 vs miR-138-5p mimics.

gene by directly targeting hTERT on human CRC nism involved in human CRC initiation and pro-
cells. gression is in urgent need. Recently, Growing
evidence has demonstrated that dysregulation

Discussion

Colorectal cancer is one of the most common
cancers, and is a significant contributor to can-
cer death worldwide [28]. Thus, find out a novel
approach to understand the molecular mecha-
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of miRNAs and hTERT have been suggested to
play important roles in the regulation of tumori-
genesi in many types of cancer [29-34]. In this
study, we identified a crucial tumor suppressive
miRNA, miR-138-5p, which plays key roles in
the progression in CRC. First, we found that miR-

Int J Clin Exp Pathol 2017;10(12):11516-11525
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138-5p was down-regulation in CRC tissues
and cell lines, up-regulation of miR-138-5p sig-
nificantly delayed cell proliferation, reduced
colony formation and increased apoptosis in
CRC cell lines. Secondly, we confirmed that
hTERT is a target of miR-138-5p and down-reg-
ulated upon miR-138-5p overexpression in CRC
cell lines. We also found that the hTERT expres-
sion was decreased in CRC tissues and was
inversely correlated with miR-138-5p. Finally,
hTERT overexpression eliminated the anti-pro-
liferation and pro-apoptotic effects of miR-138-
5p in CRC cell lines. Thus, our findings highlight
the involvement and crucial role of miR-138-5p
in CRC development.

MiIRNAs play critical roles in human cancers in
which these miRNAs act as either tumor sup-
pressors or promoters and therefore affect
tumor development, tumor cell proliferation
and apoptosis [35]. Previous studies have indi-
cated that miR-138-5p functioned as tumor
suppressor in some cancers [10-17]. For exam-
ple, Zhao et al. results showed that miR-138-5p
as tumor suppressor was down-regulated in
CRC tissues and was associated with advanced
clinical stage, lymph node metastasis and poor
overall survival. It also suppressed CRC cell
growth in vitro and inhibited tumorigenesis in
vivo by targeting PD-L1 [36]. Gao et al. results
showed that the levels of miR-138 was decrea-
sed in larynx carcinoma patients specimens,
overexpression of miR-138 inhibited ZEB2-me-
diated larynx carcinoma cell invasiveness [18].
Yu et al. reported that overexpression of miR-
138-5p inhibits pancreatic cancer cell growth
through targeting FOXC1 [21]. However, the
functional role and underlying molecular mech-
anism of miR-138-5p in CRC remained largely
unclear. In the present study, we found that
miR-138-5p functions as a tumor suppressor
microRNA by directly targeting hTERT in CRC.
Functional tests showed that miR-138-5p was
frequently down-regulated in human CRC tis-
sues and cell lines, overexpression of miR-138-
5p in CRC cells induced cell apoptosis, inhibited
cell proliferation and colony formation. It had
been reported that miR-138-5p plays the same
function in other cancers, our finding showed a
consistent with other studies [18, 21, 36]. In
the subsequent mechanism research, hTERT
was identified as a target of miR-138-5p, and
overexpression of miR-138-5p downregulated
hTERT in CRC cells. Further study shows upreg-
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ulation of hTERT could partially reverse miR-
138-5p mimic induced effects in CRC cells.
These data suggest that the anti-proliferation
and pro-apoptotic role of miR-138-5p may be
mediated primarily through hTERT regulation,
miR-138-5p would be served as a new thera-
peutic approach in human CRC.

hTERT is a catalytic subunit of telomerase [37].
hTERT have been reported to play a crucial role
in the regulation of tumorigenesis and growth
in various types of cancer. Down-regulating
hTERT expression could obviously suppress the
proliferation of bladder cancer, partly change
the malignant phenotype and attenuate the
tumor growth in xenograft mice model [38]. The
expression of hTERT was significantly higher in
colorectal laterally spreading tumors tissue
samples and cell lines [39]. miR-138-5p has
been proven to be involved in the carcinogene-
sis and development of various types of cancer
by directly targeting hTERT. For example, Zhou
et al. reported that overexpression of miR-138
inhibited cell proliferation, migration, invasion
and tumor growth by targeting hTERT in cervical
cancer cells [22]. Shingo et al. reported that
miR-138 acts as a tumor suppressor and its
downregulation may contribute to the progres-
sion through a mechanism involving hTERT in
anaplastic thyroid carcinoma cells [23]. Qin et
al. reported that miR-138-5p is down-regulated
and potentially interact with hTERT in CRC [40].
However, the biological function and regulatory
mechanism between miR-138-5p and hTERT in
CRC is unknown. In the present study, we dem-
onstrated that targeting hTERT by miR-138-5p
was an important regulatory mechanism for
cell proliferation and apoptosis in CRC cells, the
findings suggest that hTERT might be a comm-
on target of miR-138-5p among different types
of tumor cells [22, 23]. In addition, we con-
firmed that miR-138-5p downregulated the
expression of hTERT in CRC. Overexpression of
hTERT could partially reverse miR-138-5p
mimic induced effects on human CRC cells.
These data further confirmed that hTERT was a
potential target of miR-138-5p in human CRC.

In summary, the present study demonstrated
that miR-138-5p was significantly down-regu-
lated in CRC tissue samples and cell lines.
Moreover, miR-138-5p plays a tumor suppres-
sor role in CRC cells and hTERT is a direct down-
stream target of miR-138-5p. These findings
showed that miR-138-5p may serve as a novel

Int J Clin Exp Pathol 2017;10(12):11516-11525



mMiR-138-5p inhibits CRC cells

approach for the treatment of patients with
CRC in the future.
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