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Abstract: Increasing studies have revealed the importance of microRNAs (miRNAs) in tumorigenesis and tumor
progression. miR-455-3p is a newly identified tumor suppressive RNA in various human cancers. However, the ex-
pression pattern and clinical significance of miR-455-3p in colorectal cancer (CRC) remains unclear. We found that
expression of miR-455-3p was significantly reduced in CRC tissues and cell lines. In addition, we show that low miR-
455-3p expression is associated with larger tumor size, advanced tumor stage, and poorer overall survival of CRC
patients. Furthermore, in vitro experiments revealed that overexpression of miR-455-3p represses cell proliferation.
Importantly, we show that the tumor protein translationally controlled 1 (TPT1) is a direct target of miR-455-3p.
Moreover, expression of TPT1 was inversely correlated with the expression of miR-455-3p. Loss-of-function of TPT1
had a similar effect on CRC cell proliferation in vitro as gain-of-function of miR-455-3p. Taken together, these data
suggest that miR-455-3p functions as tumor suppressive RNA by targeting TPT1 in CRC, and it might be a potential

therapeutic target for CRC patients.
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Introduction

Colorectal cancer (CRC) ranks the third most
common cancer with about 1.2 million new
cases been diagnosed each year [1]. Over the
past decade, we have witnessed the incidence
and mortality rate steadily increased in Asian
countries [2]. The improvement in the anti-can-
cer treatment methods has greatly the overall
survival of CRC patients but it is still undesir-
able [3]. Therefore, understanding the mecha-
nisms involved in CRC development will be nec-
essary for the identification of new biomark-
ers for anti-cancer therapy strategies develop-
ment.

The tumor protein translationally controlled 1
(TPT1) is a highly conserved protein and com-
posed by three domains [4]. It was reported
that the expression of TPT1 was upregulated

when exposed to cellular stress including ther-
mal shock or genotoxic reagent [5]. The signifi-
cance of TPT1 in tumors was appreciated in
recently years since it was identified as a target
gene of the well-known tumor suppressor gene
p53 [6]. In supporting this, numbers of studies
have unraveled that TPT1 was highly expressed
in many tumors including prostate cancer cell
and colon cancer cell [7, 8]. Notably, Ma et al.
found the knockdown of TPT1 showed cell pro-
liferation, migration, and invasion inhibition
effect [8]. However, in CRC tissues, the expres-
sion status was not investigated yet.

miRNA was firstly identified in 1993 with a
length of 18-25 nucleotides [9]. Since then,
over 2,000 miRNAs have been identified and
it is reported that about 65% of them were
expressed in CRC [10, 11]. The importance of
mMiRNAs in regulating diverse cellular processes
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including cell proliferation, migration, and apop-
tosis has been recognized [12-14]. Results
from previous studies have demonstrated the
biological function of miRNAs was mainly rely
on the binding with the 3’-untranlated region
(3-UTR) of target molecules [15]. By targeting
these transcripts, miRNAs can either induce
translation repression or mRNA degradation
[16]. Therefore, uncovering the complex regula-
tion network of miRNA will help us to under-
stand how cancer was initiated or developed.

Recent studies have linked downregulation of
miR-455-3p with progression of cancers includ-
ing prostate cancer, non-small cell lung cancer,
and esophageal squamous cell carcinoma,
suggesting that miR-455-3p functions as a
tumor suppressor [17-19]. There is also a study
that reported down-regulation of miR-455-3p
in a human colon cell line [20]. However, no
published work has investigated the role and
clinical significance of miR-455-3p in CRC. In
this study, we demonstrate that miR-455-3p is
downregulated in CRC tissues compared with
in normal tissues. Moreover, we found thatm-
miR-455 could inhibit cell proliferation and
induce cell cycle arrested through directly tar-
geting the expression of TPT1, a well-known
oncogene.

Materials and methods
Tissue samples

Human CRC tissues and the matched noncan-
cer tissues were collected from forty-eight
patients who were diagnosed and received
treatment at Tianjin Medical University Cancer
Institute and Hospital between January 2010
and March 2012. This study was approved and
monitored by the Ethic Committee of Tianjin
Medical University Cancer Institute and Hos-
pital. All the enrolled patients have provided
the written informed consent. These tissues
were frozen in liquid nitrogen and stored at
-80°C for further usage.

Cell culture

Human CRC cell lines (HCT116, SW480) and
immortalized human epithelial cell line (HIEC)
obtained from ATCC (Manassas, VA, USA) and
cultured in RPMI 1640 medium supplemented
with 10% fetal bovine serum (Gibco, Grand
Island, NY, USA). These cells were cultured at
37°C in a humidified atmosphere of 5% CO,,.
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Cell transfection

The cells were seeded into 6-well plate and
incubated overnight. Following, the chemical
synthesized miR-455-3p mimic (5-GCAGUCC-
AUGGGCAUAUACAC-3’), miR-455-3p inhibitor
(5-GUGUAUAUGCCCAUGGACUGC-3’), and con-
trol miRNA (miR-con) purchased from Gene-
Pharm (Shanghai, China) were transfected to
the cultured cells using Lipo6000 (Beyotime,
Jiangsu, China) per the manufacturer’s instruc-
tions to manipulate the expression of miR-455-
3p. Then, the small-interfering RNA targeting
TPT1 (si-TPT1, 5-AAGGUACCGAAAGCACAGU-3’)
and control siRNA (si-con) purchased from
GenePharm (Shanghai, China) and TPT1 expres-
sion vector purchased from GenScript (Nanjing,
China) were also transfected to the cultured
cells using Lipo6000 (Beyotime, Jiangsu, China)
to manipulate the expression of TPT1.

Quantitative real-time PCR assay

Tissue samples and cells were treated with
Trizol reagent (Beyotime) to extract the total
RNA according to the manufacturer’s instruc-
tions. Reverse transcription was conducted
using Prime Script RT Master Mix (Takara,
Dalian, China). qRT-PCR analysis was carried
out with SYBR Green Master Mix (Applied
Biosystems, Carlsbad, CA, USA) using ABI
PRISM 7500 Real-Time PCR System (Applied
Biosystems). The primers for miR-455-3p are:
5-ACACTCCAGCTGGGGCAGTCCACGGGCATATAC
AC-3'(F), 5-GTGCAGGGTCCGAGGT-3(R); for U6
snRNA are: 5-GCGCGTCGTGAAGCGTTC-3'(F),
5-GTGCAGGGTCCGAGGT-3’(R). The relative
gene expression levels were calculated using
the 222¢t method with U6 snRNA as internal
control.

Western blot assay

Tissue samples and cells were treated with
RIPA lysis buffer (Beyotime) to extract the total
protein according to the manufacturer’s instruc-
tions. Protein samples were separated on 10%
SDS-PAGE gel and transferred to PVDF mem-
brane and then the membtane was incubated
with fat-free milk, followed by primary antibod-
ies targeting TPT1 (ab133568, Abcam, Cam-
bridge, MA, USA), and GAPDH (ab181602, Ab-
cam) for overnight at 4°C. Next, the membrane
was washed with TBST and then incubated with
HRP-conjugated secondary antibodies (ab205-
718, Abcam) for 2 h at room temperature. The
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Figure 1. miR-455-3p expression in colorectal cancer tissues and cell lines and its relevance to overall survival. A.
Expression of miR-455-3p in colorectal cancer cell lines (HCT116 and SW480) and immortalized human epithelial
cell line (HIEC). B. Expression of miR-455-3p in colorectal cancer tissues and matched nontumor tissues. C. Kaplan-
Meier curves for overall survival analysis by miR-455-3p expression in patients with colorectal cancer. (**P < 0.01)

miR-455-3p: microRNA-455-3p.

bands were detected using an enhanced che-
miluminescence system (Beyotime). GAPDH
was used as internal control.

Cell proliferation assay

The effect of miR-455-3p or TPT1 on cell prolif-
eration was assessed by cell counting kit-8
(CCK-8) assay. The cells to be tested were
seeded in 96-well plates at a density of about
2000 cells per well. Then, 10 ul CCK-8 (Beyo-
time) was added to each well in indicated time
points and further incubated for at 37°C. The
optical density of each well was measured at a
wavelength of 450 nm.

Cell cycle assay

The effect of miR-455-3p or TPT1 on cell cycle
was measured by flow cytometry. The cells to
be tested were harvested, washed, and then
fixed with 75% cold ethanol. Then, the cells
were treated with 50 ug/ml propidium iodide
(Sigma-Aldrich, St. Louis, MO, USA) and RNase
A for 10 min. After filtration, the cells were sub-
jected to cell cycle analysis using FCAScalibur
flow cytometer (BD Biosciences, San Diego, CA,
USA).

Luciferase activity assay

By using the online prediction algorithm Target-
Scan, we identified the putative binding se-
quence in the 3-UTR of TPT1 for miR-455-3p.
Then, the predicted wild-type (wt) and mutate
(mut) sequence in the predicted target sites
were synthesized and cloned into pRL-TK (Pro-
mega, Madison, WI, USA). The cells were co-
transfected with miR-455-3p mimic or miR-con
and wt or mut 3-UTR TPT1 constructs using
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Lipo6000 (Beyotime). After transfection, the
relative luciferase activity was measured using
Dual-luciferase activity assay system (Prome-

ga).

Statistical analysis

Data are presented mean + standard devia-
tion (SD) values. Data analysis was conducted
using GraphPad Prism 5.0 software. Compari-
sons of two groups were conducted using
Student’s t-tests; more than 2 independent
groups were compared using one-way analysis
of variance and Tukey test. The association
between miR-455-3p and TPT1 in CRC tissues
was calculated using the Spearman’s correla-
tion test. Kaplan-Meier method was used to
calculate overall survival of CRC patients. The
difference of the survival curve was analyzed by
log-rank test. P < 0.05 was considered statisti-
cally significant.

Results

miR-455-3p expression is downregulated in
CRC cell lines and tissues

To investigate the potential role of miR-455-3p
in CRC, we examined miR-455-3p levels in
three CRC cell lines and the immortalized hu-
man epithelial cell line (HIEC). We found expres-
sion levels of miR-455-3p were reduced in CRC
cell lines compared with in HIEC (Figure 1A).
Additionally, expression of miR-455-3p in 48
tumor tissues and matched non-tumor tissues
was determined. The results manifested that
miR-455-3p was significantly lower in tumor tis-
sues than in matched nontumor tissues (Figure
1B).
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Figure 2. Overexpression of miR-455-3p inhibits cell proliferation and induces

at GO/G1 phase (Figure
20C).

cell cycle arrest in colorectal cancer cell lines. A. Expression of miR-455-3p was

measured by qRT-PCR; B. Cell proliferation was measured by CCK-8 assay; C.
Cell cycle was measured by flow cytometry in HCT116 and SW480 cell lines with

TPT1 is a direct target of
miR-455-3p in CRC

miR-455-3p mimic, inhibitor, or miR-con transfection. (**P < 0.01, *P < 0.05,

ns not significant) miR-455-3p: microRNA-455-3p; qRT-PCR: quantitative real-
time PCR; CCK-8: cell counting kit-8; miR-con: control miRNA.

miR-455-3p down-regulation is associated
with poorer overall survival

In light of the finding that miR-455-3p was
downregulated in tumor tissues, we further
investigated the effect of miR-455-3p on over-
all survival. The Kaplan-Meier curve and log-
rank test revealed that lower expression of
miR-455-3p resulted in significantly poorer
overall survival rate compared with those who
with higher miR-455-3p expression (Figure 1C).

miR-455-3p upregulation inhibits cell prolifera-
tion and arrests cell cycle in vitro

In order to investigate the biological role of miR-
455-3p in vitro, the CRC cell lines were trans-
fected with miR-455-3p mimic, inhibitor, or
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To identify the effector by
which miR-455-3p exerts
its suppressive role, we
searched the possible target genes of miR-
455-3p using TargetScan. As presented in
Figure 3A, we show that TPT1 acts as a poten-
tial target of miR-455-3p. To validate this pre-
diction, we analyzed the relative luciferase
activity in CRC cell lines co-transfected with
miR-455-3p mimic or miR-con and wt or mut
3-UTR TPT1 constructs. The results show that
miR-455-3p significantly reduced the lucifer-
ase activity of the wt 3’-UTR TPT1 construct but
did not alter the activity of mut 3’-UTR TPT1
construct (Figure 3B). To further confirm TPT1
as a direct target of miR-455-3p, we analyzed
the protein expression of TPT1 in the CRC cell
lines transfected with miR-455-3p mimic or
miR-con. Western blot analysis revealed that
miR-455-3p significantly reduced TPT1 expres-
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Figure 3. TPT1 was a direct target of miR-455-3p. A. The putative binding se-
quences of miR-455-3p in the 3’-UTR of TPT1. B. Luciferase reporter assay of
HCT116 and SW480 cell lines with wt 3’-UTR TPT1 or mut 3’-UTR TPT1 and
miR-455-3p mimic or miR-con transfection. C. Expression of TPT1 in HCT116
and SW480 cell lines with miR-455-3p mimic or miR-con transfection. (***P <
0.001, **P < 0.01) miR-455-3p: microRNA-455-3p; UTR: untranslated region;
TPT1: The tumor protein translationally controlled 1; wt: wild-type; mut: mutant;
miR-con: control miRNA.
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Figure 4. Expression of TPT1 was inversely correlated with the expression of
miR-455-3p in colorectal cancer. A. Expression of miR-455-3p in colorectal can-
cer tissues and matched nontumor tissues. B. An inverse relationship between
miR-455-3p and TPT1 expression levels. (**P < 0.01) miR-455-3p: microRNA-
455-3p; TPT1: The tumor protein translationally controlled 1.
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sion at the protein level
(Figure 3C).

TPT1 expression is nega-
tively correlated with miR-
455-3p expression in CRC

We then measured the ex-
pression of TPT1 in CRC tis-
sues. Figure 4A revealed
that the expression of TPT1
was upregulated in CRC
tissues compared with in
matched noncancer tis-
sues. Subsequently, we
analyzed the expression of
TPT1 and miR-455-3p in
CRC tissues. We found
TPT1 expression was nega-
tively correlated with miR-
455-3p expression in CRC
(Figure 4B).

TPT1 down-regulation sup-
presses cell proliferation
and arrests cell cycle in
vitro

To determine the effect of
TPT1 on CRC cell lines, the
si-TPT1 and si-con were
transfected into investigat-
ed CRC cell lines. As shown
in Figure BA, si-TPT1 decre-
ased the protein expres-
sion of TPT1 in CRC cell
lines. In addition, we found
that down-regulation of TP-
T1 repressed cell prolifera-
tion and partially reverse
the stimulation effect of
miR-455-3p inhibitor (Fig-
ure 5B). Furthermore, cell
cycle analysis demonstrat-
ed that si-TPT1 induce cell
cycle arrest in GO/G1 pha-
se, which is similar with the
effect of miR-455-3p mimic
(Figure 5C). Furthermore,
we found miR-455-3p inhi-
bitor relieve the inhibitory
effect of si-TPT1 on cell
cycle (Figure 5C).

Discussion

In 2003, it was first report-
ed that miRNAs are associ-
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found lower expression of
miR-455-3p was associat-
ed with poorer overall sur-
vival of CRC patients. Addi-
tionally, functional assay
revealed that cell prolifera-
tion was inhibited and cell
cycle was arrested by ecto-
pic expression of miR-455-
3p. Moreover, expression
of TPT1 was found to be
inversely correlated with
expression of miR-455-3p.
Therefore, the results of
this study indicate that
miR-455-3p might be a
novel biomarker for CRC
treatment.

Emerging evidence has
demonstrated that miRNAs
play an important role in
cancer initiation and devel-
opment through regulating
cell behavior [15]. Several
miRNAs were found dysreg-
ulated in CRC and could
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Figure 5. TPT1 down-regulation suppresses cell proliferation and induces cell
cycle arrest in colorectal cancer cell lines. A. Expression of TPT1 in HCT116 and
SW480 cell lines with si-TPT1 and si-con transfection. B. Cell proliferation was
measured by CCK-8 assay and C. Cell cycle was measured by flow cytometry in
HCT116 and SW480 cell lines with control or miR-455-3p inhibitor or miR-455-
3p inhibitor and si-TPT1 transfection. (**P < 0.01, *P < 0.05, ns not signifi-
cant) miR-455-3p: microRNA-455-3p; TPT1: The tumor protein translationally
controlled 1; CCK-8: cell counting kit-8; si-TPT1: siRNA targeting TPT1; si-con:

control siRNA.

ated with CRC [21]. From then on, a number of
miRNAs were identified to be associated with
the initiation or progression of CRC [22, 23]. In
light of these findings, the potential of miRNAs
as the therapy targets of CRC patients has
been investigated and showed a relatively
bright future for targeted therapy [24]. In this
study, we found that miR-455-3p was remark-
edly reduced in CRC cell lines compared with
the immortalized human epithelial cell line.
Moreover, we also found reduced expression of
miR-455-3p in CRC tissues compared to the
matched noncancer tissues. Importantly, we
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regulate cell proliferation,
migration, and apoptosis
recently [25-27]. For exam-
ple, it was reported that
miR-598 expression was
upregulated in CRC [25].
Additionally, cell prolifera-
tion and cell cycle progres-
sion were promoted by
miR-598 upregulation via
regulation of expression of
INPP5E [25]. However, for
the role of miR-455-3p in
CRC, it has been rarely stu-
died. In our study, we show
that miR-455-3p expression was reduced in
CRC, and thus we deduce that miR-455-3p
might be a tumor suppressor in CRC.

G2

In vitro functional assay has revealed that cell
proliferation of CRC could be inhibited by miR-
455-3p. We investigated whether cell prolifera-
tion inhibition was due to the arrest of cell cycle
by measuring the cell cycle distribution using
flow cytometry. We found that cell cycle was
arrested in GO/G1 phase by miR-455-3p over-
expression. To further study the mechanisms
via which miR-455-3p inhibits cell proliferation

Int J Clin Exp Pathol 2018;11(5):2522-2529
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and cell cycle progression in CRC, TPT1 was
validated as a target of miR-455-3p by bioinfor-
matics and expression correlation analyses.
Our findings also revealed that inhibition of
TPT1 partially reverse the stimulation effect of
miR-455-3p inhibitor on cell proliferation and
cell cycle progression.

In summary, our results indicate that miR-455-
3p is a tumor suppressor in CRC, at least in
part, by directly regulating TPT1. To the best of
our knowledge, this is the first paper to demon-
strate the cell proliferation and cell cycle can
be regulated by miR-455-3p/TPT1 axis. Our
study provides new evidence to understand
how CRC develops and might lead to new thera-
peutic targets for CRC treatment in the near
future.
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