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Abstract. - OBJECTIVE: MicroRNAs (miRNAs)
are increasingly recognized as oncogenes or tu-
mor suppressors in colorectal cancer (CRC).
The aim of this study was to explore the expres-
sion and functions of miR-340-5p in CRC.
PATIENTS AND METHODS: The expression
of miR-340-5p in CRC tissues and cell lines was
detected by quantitative RT-PCR. Associations of
miR-340-5p expression with clinicopathological
factors and overall survival (OS) and progres-
sion-free survival (PFS) were statistically eval-
uated. Luciferase assay, RT-PCR, and Western
blot were performed to verify the precise target
of miR-340-5p. MTT assay, colony formation and
transwell assay were performed to determine the
proliferation, migration and invasion, respectively.
RESULTS: Our results showed that miR-340-5p
was significantly down-regulated in CRC tissues
and cell lines, and was associated with histolog-
ical grade (p=0.020), lymph nodes metastasis
(p=0.003) and TNM stage (p=0.007). Furthermore,
Kaplan-Meier and log-rank tests revealed that
patients with low expression of miR-340-5p had
a shorter OS (p=0.0110) and PFS (p=0.0032) than
those with high expression of miR-340-5p. We
further validated Annexin A3 (ANXA3) was a di-
rect target of miR-340-5p in CRC. The functional
assay showed that up-regulation of miR-340-5p
or down-regulation of ANXA3 can both inhibit
CRC cell proliferation, migration, and invasion.
Besides, the re-expression of ANXA3 reversed
the miR-340-5p induced suppression of cell pro-
liferation, migration and invasion.
CONCLUSIONS: Our data demonstrated that
miR-340-5p exerted its tumor-suppressive func-
tion by directly targeting ANXA3 in CRC, suggest-
ing that miR-340-5p might represent a novel prog-
nostic biomarker and therapeutic target for CRC.
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Introduction

Colorectal cancer (CRC) is the 3rd most ma-
lignant cancer worldwide and the third most
prevalent malignancy in women in China, with
more than 200000 new cases reported annually'2.
Because of the variations in eating habits and life-
styles, the morbidity and mortality rates of CRC
have significantly increased in China’. Due to
the chemotherapy and radiation therapy, patients
with CRC diagnosed at stage I-II have a better
prognosis and five-year survival rate is 60-80%™*°.
However, the 5-year survival rate decreases to
estimate 5% in patients with distant metastases®.
Like other malignancies, the tumorigenesis and
progression of CRC are a multistep process which
include various genetic and epigenetic changes’?.
However, up to date, the molecular mechanism
underlying the disease remains largely unclear.

MicroRNAs (miRNAs) are a class of high-
ly conserved, small noncoding RNAs that are
approximately 22 nucleotides in length’. MiR-
NAs can degrade target mRNAs or suppress their
translation by binding to the 3> UTRs'". It has
been confirmed that miRNAs are implicated in
a series of cellular biological pathways, including
cell proliferation, cell cycle, and metastasis''. In-
creasing researches'>!® have revealed that dysreg-
ulation of miRNA expression may be important in
the progression and outcome of various diseases,
including cancer. Studies have indicated that miR-
NAs such as miR-326", miR-135b'5, MiR-215-5p'®
and miR-874 function as oncogenes or tumor
suppressors in CRC. miR-340 has been reported
to be abnormally expressed in various tumors
and participate in the regulation of proliferation
and metastasis'®?°. Although previous studies have
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suggested miR-340-5p as a tumor suppressor in
CRC, more work need to be done to further inves-
tigate the role of miR-340-5p in CRC.

Annexin A3 (ANXA3), located on human
chromosome 4q13-q22, belongs to annexin fam-
ily*’. The members of annexins are involved in
many physiological activities, including anti-in-
flammatory, signal transduction cell proliferation
and apoptosis*. Importantly, growing evidence
shows that several annexins, such as Annexin Al
and Annexin A2, play an important role in de-
velopment and progression of various tumors*2*.
Nevertheless, the effect of ANXA3 has not been
so much reported as compared to other annexins.
ANXA3 was reported to be up-regulated in CRC,
suggesting that ANXA3 functioned as a tumor
promoter, which was confirmed by in vitro and
in vivo assay*-?®. Thus, elucidating the molecular
mechanism of ANXA3 regulation in CRC is im-
portant for future CRC study.

In the present work, we detected the expres-
sion levels of miR-340-5p and its prognostic
value in CRC patients. Then, we also identi-
fied the function of miR-340-5p on proliferation
and metastasis in CRC cell lines and discovered
the potential regulatory mechanism involved in
ANXA3.

Patients and Methods

Patients

Tumor tissues and adjacent non-tumor tis-
sues were obtained from 107 CRC patients at at
Xianyang Central Hospital and Affiliated Hospi-
tal of Shaanxi University of Chinese Medicine
from January 2012 to February 2013. All resected
tissue samples were immediately stored at -80°C
until RNA or protein isolation. The diagnosis of
all samples was histopathologically confirmed by
two pathologists. None of the patients received
any preoperative chemotherapy or radiotherapy.
Complete clinical information of the patients
was available. The clinicopathological character-
istics of all patients were shown in Table 1. This
study was approved by the Ethics Committee of
Xianyang Central Hospital and written informed
consent was obtained from all patients.

Cell Culture and Transfection

The human CRC cell lines SW480, HCT116,
LOVO and HT-29 and the human colonic epithe-
lial cells HCoEpiC were obtained from Central
Laboratory of Xianyang Central Hospital. Cells
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were cultured in Roswell Park Memorial Insti-
tute-1640 (RPMI-1640) medium supplemented
with 10% fetal bovine serum (FBS, HyClone,
South Logan, UT, USA), penicillin (100 U/ml),
and streptomycin (100 pug/ml), at 37°C in a hu-
midified atmosphere containing 5% CO,.

miR-340-5p mimics, pcDNA.3.1 ANXA3 and
ANXAZ3 interference RNA lentiviral vector and
their negative controls were designed and pur-
chased from GenePharma Company (Hangzhou,
Zhejiang, China). Transfection was using Lipo-
fectamine 2000 Reagent (Invitrogen, Haidian,
Beijing, China) in Opti-MEM (Addgene, Xia-
cheng, Nanjing, China). Then, the groups were
designed as follows: 1) negative control group, 2)
miR-340-5p mimics group, 3) ANXA3 shRNA
group and 4) mixed group (pcDNA.3.1 ANXA3
and miR-340-5p mimics transfected). After 48
hours, cells were collected for Western blot, qRT-
PCR analyses, and in vitro assay.

Real-Time Quantitative PCR

Total RNA was isolated from tissues and
cell lines using the TRIzol Total RNA Reagent
(Invitrogen, Carlsbad, CA, USA). First-strand
complementary DNAs (cDNAs) were synthesized
using 1 pg RNAs by PrimeScript 1% Strand cDNA
Synthesis Kit (Applied Biosystems, Foster City,
CA, USA). miR-340-5p levels were measured
using Tagman MicroRNA Assays (Applied Bio-
systems, Foster City, CA, USA). qRT-PCR was
performed with the standard SYBR-Green PCR
kit on ABI 7500 system (Applied Biosystems,
Foster City, CA, USA). GAPDH was used as the
internal controls for normalization. The relative
expression of miR-340-5p and ANXA3 mRNA
was calculated by the 2-*4“ method. The primers
were synthesized by TransGen Biotech. (Haidian,
Beijing, China). The primers sequences used for
the qPCR were as follows: miR-340-5p forward,
5’-GCGGTTATAAAGCAATGAGA-3* and re-
verse, 5-GTGCGTGTCGTGGAGTCG-3’; GAP-
DH forward, 5-GCTGGCGCTGAGTACGTC-
GTGGAGT-3* and reverse, CACAGTCTTCT-
GGGT GGCAGTGATGG-3". All of the PCR
reactions were repeated three times.

Dual Luciferase Reporter Assay

The target gene of miR-340-5p was predict-
ed by TargetScan. The dual-luciferase reporter
plasmids, p3’-UTR-ANXA3-mt and p3’-UTR-
CYLD-mut (containing the mutant ANXA3
3’UTR; mut), were constructed. For the luciferase
reporter assay, cells were seeded in 96-well plates
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Table I. Correlation between miR-340-5p expression and different clinicopathological features in CRC patients.

Parameters Group Total miR-340-5p expression p-value
High Low

Gender Male 61 31 30 0.596
Female 46 21 25

Age (years) <60 53 28 25 0.386
>60 54 24 30

Tumor size (cm) <5 54 30 24 0.146
>5 53 22 31

Histological grade Well and moderately 64 37 27 0.020
Poorly 43 15 28

Local invasion T1-T2 65 36 29 0.081
T3-T4 42 16 26

Lymph nodes metastasis Negative 65 39 26 0.003
Positive 42 13 29

TNM stage I-11 62 37 25 0.007
II-1v 45 15 30

and transfected with 50 nM of miR-340-5p mim-
ics or NC, and 100 ng of above luciferase reporter
plasmid using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA). Two days later, the CRC
cells were harvested and lysed in passive lysis
buffer, and reporter activity was measured at 48 h
after transfection using a dual-luciferase reporter
assay system (Promega, Madison, W1, USA).

Western Blot Assay

Total proteins of CRC cells were collected
using the Total Protein Extraction Kit (Key-
Gen, Nanjing, China). Equivalent amounts of
protein were separated through 12.5% sodium
dodecyl sulfate polyacrylamide gel electropho-
resis and transferred onto a polyvinylidene di-
fluoride membrane (PVDF; Millipore, Billerica,
MA, USA). Next, 5% skim milk were added to
block the membrane for 2 h. The membranes
were incubated with primary antibodies, rabbit
anti-ANXA3 and mouse anti-GADPH (both from
Peking university, Beijing, China) at 4°C over-
night. Following incubation with the horseradish
peroxidase (HRP)-labeled secondary antibody
(Invitrogen, Carlsbad, CA, USA). Finally, im-
mune-reactive protein bands were detected with
an odyssey scanning system (Li-Cor, Lincoln,
NE, USA).

Cell Proliferation
Cells were seeded into a 96-well plate at 3000
cells per well with 100 pl cultured medium and

cultured at 37°C, 5% CO,. At the start of harvest-
ing, 20 pl of 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) solution were
added into each well. Subsequently, 200 ml of
dimethyl sulfoxide (DMSO) were added to each
well to dissolve the crystals. The cell proliferation
curves were plotted using the absorbance at 490
nm at each time point.

Colony Formation Assay

The cells transfected with the vectors were
seeded into 6-well plates at 1,000/well and main-
tained in media containing 10% fetal bovine se-
rum (FBS), replacing the medium every 4 days.
Colonies were fixed with methanol 12 days later
and stained with 0.1% crystal violet (Sigma-Al-
drich, St. Louis, MO, USA). Next, the colony
forming units were recorded and counted.

Migration and Invasion Assays

The migration and invasion of SW480 cells
were evaluated with transwell assays. 3000
SW480 cells were seeded to the top chamber in
200 pL of serum-free medium and 400 pL of me-
dium with 5% serum were added to the bottom.
For the invasion experiments, the upper chamber
was coated with 70 uL of Dulbecco’s Modified
Eagle Medium (DMEM) and Matrigel mixture.
After 48 h incubation, non-invaded cells were
carefully wiped out with a cotton bud. Cells on
the lower surface of the membranes were then
counted with an inverted microscope.
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Statistical Analysis

All statistical analyses were performed using
SPSS 18.0 software (SPSS Inc., Chicago, IL, USA).
Statistical significance was determined using Stu-
dent’s #-test. The relationship between miR-340-5p
expression level and various clinicopathological
characteristics was analyzed by x’-test. Overall
survival (OS) and progression-free-survival (PFS)
were calculated by Kaplan-Meier survival anal-
ysis. A probability value of less than 0.05 was
chosen for statistical significance.

Results

The Expression of miR-340-5p
was Downregulated in CRC Tissues
and Cell Lines

We firstly detected the expression levels of
miR-340-5p in CRC tissues, cell lines and normal
controls by RT-qPCR. As shown in Figure 1A, the

expression levels of miR-340-5p were found to be
distinctly decreased in CRC tissues compared to
the paired adjacent noncancerous tissues (p<0.01).
Then, we further determined whether dysregula-
tion of miR-340-5p in CRC cell lines. As shown
in Figure 1B, the results showed that miR-340-5p
was down-expressed in CRC cell lines, including
HT-29, LOVO, SW480, and HCT116 cell lines,
in comparison to that of in the human colonic
epithelial cells (HCoEpiC). We concluded that
dysregulation of miR-340-5p might be associated
with the development of CRC.

Decreased Levels of miR-340-5p
Are Predictive of Poor Prognosis
in Patients with CRC

In order to analyze the correlation between
miR-340-5p expression level and clinicopatho-
logical features, the 107 CRC patients were clas-
sified into two groups (High and Low) according
to the median expression level of miR-340-5p.
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Figure 1. Expression of miR-340-5p in human CRC tissues and its correlation with prognosis of CRC patients. A, The expression
of miR-340-5p was examined in 107 paired human CRC and matched normal tissues via qRT-PCR. B, qRT-PCR analysis of miR-
340-5p expression in four CRC cell lines (HT-29, LOVO, SW480, and HCT116) and the human colonic epithelial cells (HCoEpiC).
C-D, Kaplan-Meier curves for overall survival and progression-free survival in patients with CRC based on miR-340-5p expres-
sion levels. Statistically significant differences were observed (*p<0.05, **p<0.01).
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were observed (*p<0.05, **p<0.01).

The results were shown in Table 1. It was ob-
served that decreased miR-340-5p expression was
significantly correlated with histological grade
(p=0.020), lymph nodes metastasis (p=0.003)
and TNM stage (p=0.007). However, no signifi-
cant correlation between miR-340-5p expression
and gender, age, tumor size or local invasion was
observed (all p>0.05). To further explore wheth-
er miR-340-5p expression predicted prognosis
of CRC patients, we performed Kaplan-Meier
analysis. As shown in Figure 1C and 1D, patients
with low expression of miR-340-5p had shorter
OS (p=0.0110) and PFS (p<0.0032) as compared
with the miR-340-5p -high group. Our results
indicated that miR-340-5p may serve as a prog-
nostic marker in CRC.

ANXAZ3 is a Direct Target of miR-340-5p
Previous study®’ has revealed that forced miR-
340-5p expression could suppress tumor growth
of CRC. However, the potential mechanism re-
mains unclear. Then, it was found that ANXA3
mRNA was a potential target of miR-340-5p
after computational analysis using TargetScan
(Figure 2A). Next, whether miR-340-5p direct-
ly targeted ANXA3 in CRC was investigated
using a Luciferase reporter system, which was
employed by co-transfection of miR-340-5p and
luciferase reporter plasmids containing 3’UTR of

ANXA3, or mutated ANXA3. Figure 2B showed
that up-regulation of miR-340-5p markedly inhib-
ited the luciferase activity of the ANXA3 3-Wt
3’UTR, without having an effect on ANXA3
3-Mut 3’UTR in the SW480 cells. Furthermore,
gRT-PCR and Western blot analyses confirmed
that forced miR-340-5p expression significantly
downregulated the expression of SATBI at the
mRNA and protein levels in both SW480 and
HCT116 cell lines (Figure 2C and 2D). Collec-
tively, these results revealed that ANXA3 may be
a direct target of miR-340-5p in CRC.

MiR-340-5p Promoted Cell
Proliferation of SW480 Cells
Through Targeting ANXA3

In order to explore the inhibitor effect of
miR-340-5p on the proliferation of SW480 cells,
we divided SW480 into four groups. qRT-PCR
was performed to detect the expression levels
of miR-340-5p and ANXA3 mRNA in SW480
after transfection. As shown in Figure 3A,
up-regulation of miR-340-5p was observed in
the miR-340-5p mimics and Mixed groups, while
down-regulation of ANXA3 mRNA was ob-
served in miR-340-5p mimics and ANXA3 shR-
NA groups (Figure 3B). The results of the MTT
assay showed that cell proliferation was signifi-
cantly impaired in SW480 cells transfected with
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miR-340-5p mimics and ANXA3 shRNA. How-
ever, there is no significant difference between
the Mixed group and the control group (Figure
3C). To further determine the effect of miR-340-
5p on long-term SW480 cell proliferation, colony
formation assays were performed. The results
also showed that cell proliferation was signifi-
cantly impaired in SW480 cells transfected with
miR-340-5p mimics and ANXA3 shRNA. In ad-
dition, there is no significant difference between
the Mixed group and the control group (Figure
3D). Taken together, our results showed that miR-
340-5p exerted its inhibitory effect on CRC cell
proliferation through targeting ANXA3.

MiR-340-5p suppressed

the Migration and Invasion

of SW480 Cells by Targeting ANXA3
Then, we further explored whether miR-340-

5p suppressed migration and invasion of SW480

cells by targeting ANXAZ3. The result of transwell

experiment showed that SW480 cells transfected

with miR-340-5p mimics and ANXA3 shRNA

had weaker migration compared with the control
group (Figure 4A), while there is no significant
difference between the Mixed group and the
control group. Moreover, we also observed that
SW 480 cells transfected with miR-340-5p mim-
ics and ANXA3 shRNA had weaker migration
compared with the control group (Figure 4B).
Taken together, our results suggested that miR-
340-5p exerted its inhibitory effect on migration
and invasion of CRC through targeting ANXA3.

Discussion

MiR-340-5p has been found aberrantly dereg-
ulated in tumorigenesis. For instance, Huang et
al*® reported that miR-340 was significantly lowly
expressed in prostate cancer and its overexpression
suppressed prostate cancer cell proliferation and
migration by modulating the MDM2-p53 pathway.
Hou et al® showed that miR-340 functioned as a
negative regulator in progression of breast cancer by
targeting ZEB. Li et al*® found that overexpression
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Figure 3. MiR-340-5p suppresses SW480 cell growth by targeting ANXA3. A-B, The expression levels of miR-340-5p and
ANXA3 mRNA in SW480 cells were determined after transfection. C, MTT assay was performed to measure the cellular viabili-
ty. D, Colony formation assay was used to detect the colony formation activity. Statistically significant differences were observed

(*p<0.05, **p<0.01).
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Figure 4. MiR-340-5p inhib-
its the invasion and migration
of SW480 cells. (A-B) The mi-
gration and invasion abilities of
SW480 cells were analyzed using
transwell migration and invasion
assay. Statistically significant dif-
ferences were observed (*p<0.05,
**p<0.01).
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of miR-340 induced cell apoptosis and inhibited me-
tastasis in ovarian cancer cells by downregulation
of NF-kB1. Those results suggested miR-340 as a
tumor suppressor in tumorigenesis and progression
of tumors. For CRC, it had been found that de-
creased expression of miR-340 was associated with
poor prognosis of CRC patients, and forced miR-
340 expression resulted in CRC growth inhibition
by targeting RLIP76**. However, the potential
mechanism by which miR-340 suppressed CRC
behaviors remains largely unclear.

In the present study, on line with previous
study, our results from RT-PCR also showed
miR-340-5p down-regulation in both CRC tissues
and cell lines. By clinical assay, we found that
decreased miR-340-5p expression was signifi-
cantly correlated with histological grade, lymph
nodes metastasis and TNM stage, suggesting
that down-regulation of miR-340-5p contribut-
ed to the clinical progression of CRC patients.
Moreover, Kaplan-Meier analysis revealed that
patients with decreased miR-340-5p expression
had poorer OS and PFS than those with elevated
expression of miR-340-5p. These samples from
our hospital supported miR-340-5p as a tumor
suppressor in CRC.

ANXA3 has been found to play critical roles
in the regulation of molecular and cellular pro-
cesses. Also, ANXA3 have been reported to be
closely correlated with various cancers and serve
as an oncogene®. It was reported that ANXA3
was highly expressed in breast cancer and associ-
ated with poor prognosis of breast cancer patients.
In vitro assay indicated that ANXA3 promoted
cell proliferation of breast cancer by affecting the
Bcl-2/Bax balance®®. In addition, up-regulation of
ANXA3 was observed in gastric cancer and its
knockdown inhibited cell proliferation and tumor
growth. Similarly, high ANXA3 expression was
associated with poor prognosis of gastric cancer
patients®*. Furthermore, dysregulation of ANXA3
was found in CRC patients®. Bai et al*’ reported
that inhibition of ANXA3 could suppressed the
invasion of CRC cells through the up-regulation
of p53. They also confirmed that ANXA3 was a
target gene of miR-495. Those results indicated
that ANXA3 acted as a tumor promoter in various
tumors, including CRC, and encouraged us to fur-
ther explore the potential mechanism of ANXA3 in
progression of CRC. Then, we found that there was
a putative binding site in the 3 UTR of ANXA3
mRNA to which miR-340-5p seed sequence can
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bind by searching TargetScan. Then, we performed
dual luciferase reporter gene assay and the results
confirmed that miR-340-5p directly bound with
the 3>-UTR of ANXA3 mRNA in SW480 cells. In
addition, both RT-PCR and Western blot indicated
that up-regulation of miR-340-5p could suppress
the levels of ANXA3 at both mRNA and protein
levels. Moreover, a series of in vitro experiments
also confirmed that miR-340-5p suppressed CRC
proliferation and metastasis by targeting ANXA3.
Overall, these data suggested that miR-340-5p was
a direct regulator of ANXA3 expression in CRC.

Conclusions

We found that the low expression of miR-340-
5p levels was associated with poor PFS and OS
in CRC patients. In addition, ectopic miR-340-
S5p expression inhibited CRC cell proliferation,
migration, and invasion through direct targeting
of ANXAZ3. Therefore, miR-340-5p is a valuable
marker for CRC progression and prognosis.
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