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Abstract: Objective: This study aims to identify the target gene of hsa-miR-195 and to research the molecular
mechanism of hsa-miR-195 which is through its target genes in the colorectal cancer invasion and metastasis.
Methods: We used biological informatics (RNAhybrid and Target Scan analysis database) to predict the target genes
of hsa-miR-195. Collected colon cancer tissues from clinical colorectal cancer patients by surgical removal of the
carcinoma and control tissues, and researched the expression of Bcl-2 in tissues by immunohistochemical. Next,
Real-time PCR was used to research the expression of hsa-miR-195 in Caco-2 and NCM460 cell line. hsa -miR-195
Mimics was transient transfered to Caco-2 cells, western blot was used to analysis the expression changes of Bcl-2.
To analysis the possibility that hsa-miR-195 can affect the invasive ability of tumor cells by Bcl-2, we transferred hsa-
miR-195 Mimics and Bcl-2 expression plasmid, and used the cell invasion experiment to discusses hsa-miR-195
effect on the ability of tumor cell invasion. Results: the immunohistochemical results showed that, the semi-quanti-
tative parameters for the Bcl-2: control by 0.89 + 0.51, 6 colon cancer by 31 + 0.79. The expression of has-miR-195
in Caco-2 is 0.39 + 1.5 while the value in control is2.01 + 0.2, **P < 0.01. Conclusion: In colorectal cancer, has-
miR-195 can promote cell apoptosis and inhibit the invasion and metastasis by inhibiting the expression of Bcl-2.
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Introduction

MicroRNAs (miRNAs) is a kind of endogenous
small RNA with length of about 17-25 nucleo-
tides. miRNAs degraded mRNA or blocked its
translation mainly by pairing with mRNA base of
its target genes, it had a variety of roles in cells.
Each miRNA can have multiple target genes
and several miRNAs can work together to regu-
late the same gene. Recent studies showed
that miRNAs played important regulating roles
in the occurrence and development of tumor
[1-3].

Colorectal cancer is a common malignant
tumor of digestive system and its morbidity and
mortality rate were only lower than that of pri-
mary liver cancer, gastric cancer and esopha-
geal cancer in the digestive system malignant
tumor. The occurrence of colorectal cancer is a
complex process, which including the activa-
tion of oncogene and inactivation of tumor sup-

pressor genes caused by genetic and environ-
mental changes. miRNA exerted its role through
regulating the activity of oncogene and tumor
suppressor genes. Studies showed the abnor-
mal expressions of MicroRNA-195 in many
tumors. It was up-regulated in chronic lympho-
cytic leukemia and breast cancer while down-
regulated in hepatocellular carcinoma, gastric
cancer and bladder cancer [4-6]. These results
suggested that MicroRNA-195 played different
roles in different tumors.

It is not clear for the roles of MicroRNA-195 in
colon cancer. Therefore, we explored the molec-
ular mechanism of invasion and metastasis of
microRNA-195 in colorectal carcinoma.

Materials and methods
General data

A total of 12 resected specimens of patients
with colorectal cancer in China-Japan Union
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hospital of Jilin University were collected in this
study. These patients were operated and hospi-
tal treatment during 2010 ~ 2013. At the same
time, a total of 9 corresponding normal opera-
tional specimens which are the adjacent tissue
of the cancer were collected as controls. All
specimens are tested by two pathologists
according to WHO diagnostic criteria for the his-
topathologic diagnosis. There were 7 males
and 5 females patients. Ages ranged from 50
to 68 years (mean of 61.3 years). All subjects
signed an informed consent form. This study
was approved by the Ethics Committee of the
China-Japan Union Hospital of Jilin University.

Cell culture

Caco-2 and NCM460 cells were obtained from
ATCC (American Type Culture Collection). The
cells were grown in DMEM supplemented with
15% fetal bovine serum. They were cultured at
37°C with 5% CO,,.

Immunohistochemical staining

The Clinical samples were cut into small pieces
(< 5 mm) and fixed with 10% neutral formalin
for 24 h, dewatered with gradient alcohol and
embedded tissue with automatic paraffin
embedding instrument. Then they were cut into
3 ~ 5 ym slices. The tissue sections were de-
waxed, hydrated and incubated them in H,O,
for 20 min in order to block the endogenous
peroxidase. Microwave repaired the antigen for
5 min in citrate buffer solution and repeated it.
Washed them with distilled water and PBS for 5
min respectively and repeated it. Drop-adding
the 1st antibody dilution (1:100) and incubated
at 37°C in water bath for 2 h, then washed
them with PBS every time for 2 min, a total of 3
times; Drop-adding the 2nd antibody and incu-
bated at 37°C in water bath for 2 h, washed
them with PBS every time for 2 min, a total of 3
times. Developed with the DAB solution and
observed them under microscope, flushed
them completely, hematoxylin counterstained
them, washed with water, dehydration, trans-
parency, mount and observed under micro-
scope. The data were analyzed with Image-
ProPlus software. Integrated option density
(IOD) of interesting area (AOl) was measured
and density mean (I0D/AOI) were calculated as
the semi quantitative parameters of Bcl-2 gene
expression levels.
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RNA extraction and RT-PCR

Total RNA of cells was extracted using RNeasy
Mini Kit according to the manufacturer’s proto-
col. 1 pg total RNA was subjected to reverse
transcription using reverse transcription Kit.
Real-time PCR were performed using TagMan
probe method. TagMan probe Sequence of
has-miR-195: CCAAUAUUGGCUGUGCUGCUCC.
U6 was used as an internal control for normal-
ization of RNA quantity and quality differences
in all samples. Quantifications of target genes
MRNA was performed using the 2724t method
[7]. ACT = Ct(has-miR-195) - Ct(U6); A(ACT) =
ACT - ACT (control).

Construction and transfection of recombinant
plasmid

The Bcl-2 gene was ligated with eukaryotic
expression plasmid pcDNA3.1 to construct the
recombinant plasmid. The recombinant plas-
mid was transfected in cells using lipofectamine
2000 kit according to the manual. The trans-
fection of hsa-miR-195 Mimics and Negative
scramble control (NC) RNA were performed
using Lipofectamin RNAi MAX according to the
manual.

Transwell in vitro invasion assays

The Matrigel was diluted with pre cooling
serum-free DMEM to the concentration of 1
mg/ml and 100 ul of it was added in the bottom
center of upper chamber of 8 micron
TrHanswells and incubated at 37°C and 200 pl
DMEM was added in each well. The cells were
placed in the upper chamber and DMEM with
10% FBS was added in the lower chambers.
They were incubated at 37°C in 5% CO,. The
upper chamber was removed after incubation
and cleansed the filter side of the upper cham-
ber with a cotton swab. The filter was fixed with
4% formaldehyde for 10 min and stained with
0.1% crystal violet. Gently cut the filter from the
chamber and count the cells that have migrat-
ed through the filter pores from the underside
of the filter in 4 high-power fields per insert, and
average values afterwards. For each migration
condition, three identical replicates should be
performed.

Western blotting

The cells were digested with trypsin and total
proteins were extracted and their concentra-
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Table 1. The predicted target genes of hsa-miR-195
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microRNA Estimated false I
. Target gene ) Target gene name Target gene description
family discovery rate
miR-15/16/195 FGF2 0.00096 fibroblast growth factor 2 FGF family
CCND2 0.0017 cyclin D2 Conservative cell cycle protein family
CCND1 0.0018 cyclin D1 Conservative cell cycle protein family
CCNE1 0.0038 cyclin E1 isoform 1 Conservative cell cycle protein family
DCAMKL1 0.0039 doublecortin and CaM kinase-like 1 NA
ARL2 0.0042 ADP-ribosylation factor-like 2 GTP-binding RAS super family
PAPPA 0.006 pregnancy-associated plasma protein A Metalloproteinase secretion of insulin like growth factor binding protein
KCNJ2 0.0074 potassium inwardly-rectifying channel J2 Potassium ion channel protein
SLC12A2 0.011 solute carrier family 12 NA
LUZP1 0.02 leucine zipper protein 1 leucine zipper
PAFAH1B1 0.021 platelet-activating factor acetylhydrolase, Miller-Dieker lissencephaly syndrome associated protein
CPD 0.023 carboxypeptidase D precursor NA
WEE1 0.028 weel tyrosine kinase Tyrosine kinase
KIF1B 0.028 kinesin family member 1B isoform alpha NA
DEDD 0.091 death effector domain-containing protein DED containing protein.
BCL2 0.091 B-cell lymphoma protein 2 beta isoform The mitochondrial outer membrane protein, prevent apoptosis
NEBL 0.091 nebulette non-muscle isoform NA
PRDM4 0.091 PR domain containing 4 PR-domain protein family
RECK 0.092 RECK protein precursor Cysteine rich protein
3795 Int J Clin Exp Med 2015;8(3):3793-3800
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Figure 1. Immunohistochemical staining results. A: Control; B:

Table 2. The expression of Bcl-2 in colorectal
cancer tissues

. Resected colorectal
Normal specimens

) specimens
Sice? Random field®
1 2 3 1 2 3
1 1.70 0.50 0.46 5.70 6.13 7.09
2 0.72 0.69 1.14 390 3.02 543
3 250 1.82 0.70 492 4.83 6.20
4 0.52 1.05 0.99 857 772 543

5 1.57 2.03 1.88 3.57 5.29 3.99
aSelected 5 slices; "Selected 3 random field of each slice.

tion was determined using Protein Assay Kit.
The proteins were separated by SDS polyacryl-
amide gel electrophoresis. The separated pro-
teins were electrotransferred to the PVDF mem-
brane. The membrane containing the proteins
was used for immunoblotting with required
antibodies. The protein bands were scanned
and quantified as a ratio to GAPDH control
using Quantity one 4.62 software.

Statistical analyses

The data were analyzed using SPSS 11.5 soft
ware. The results are expressed as mean + SD.
One-way ANOVA was used to evaluate the dif-
ferences among multi-groups and t-test was
used to evaluate the differences between two
groups. A value of P < 0.05 and P < 0.01 was
taken to denote statistical significance.

3796

Cancer tissues.

2.57

g
o
1

=
]
1

Normalized expression

NCM460 Caco-2

Figure 2. Real-time PCR results of hsa-miR-195 ex-
pression. **P < 0.01.

Results
The predicted target genes of hsa-miR-195

The interaction between miRNAs and its target
genes has certain regularity. It can be predicted
by programming. We analyzed and predicted
the target genes of hsa-miR-195 by searching
RNAhybrid and TargetScan database, the
results were shown in Table 1. The results sug-
gested that the sequence of hsa-miR-195
5-UAGCAGCA-3’ can combine with the mRNA
sequence 3'UTR 5-UGCUGCUA-3’ of Bcl-2
gene.

Immunohistochemical staining results

The expression levels of Bcl-2 in cancer tissues
were detected by immunohistochemical stain-
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Figure 3. Western blotting results. A: Normalized expression of hsa-miR-195; B: Normalized expression of Bcl-2;
C: Western blotting picture. Control: Transfected with negative scramble control (NC) RNA, -: Empty plasmid; hsa-

miR-195: Transfected with hsa-miR-195 Mimics.

ing method and the positive cells were stained
brown (Figure 1; Table 2). The density mean
(IOD/AOI) were calculated using Image-ProPlus
(IPP) software. The density mean of Bcl-2 in
adjacent cancer normal tissues was 1.22
0.63 and that of cancer tissues was 5.45
1.49.

+
+

RT-PCR results

As shown in Figure 2, the normalized expres-
sion of has-miR-195 in Caco-2 cells was 0.39 +
1.5 while that of NCM460 cells was 2.01 + 0.2.
The differences between them were significant
(P <0.01).

Western blotting results

The expression levels of Bcl-2 and hsa-miR-195
in cells transfected with hsa-miR-195 Mimics
were detected by Western blotting method. As
shown in Figure 3A, the expression levels of
hsa-miR-195 increased after transfection
(P < 0.01), while as shown in Figure 3B and 3C,
the expression levels of Bcl-2 decreased after
transfection (P < 0.01).

Results of invasion assays

As shown in Figure 4 and Table 3, the invasion
ability of Caco-2 cells increased after overex-
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pression of Bcl-2. On the contrary, the invasion
ability of Caco-2 cells was inhibited after trans-
fected with hsa-miR-195.

Discussion

MicroRNAs inhibit or block the translation of
mMmRNA mainly through the completely or par-
tially combination with nucleotide in 3’ end
untranslated region of its target gene mRNA to
regulate the genes expression. MicroRNAs and
its target gene or other MicroRNAs can form a
regulatory network to be widely involved in cel-
lular proliferation and apoptosis. The abnormal
expression of MicroRNAs plays a similar biologi-
cal effect as oncogene or tumor suppressor
gene. It was found that the abnormal expres-
sion of microRNA-15/16 occurred in chronic
lymphatic leukemia and the abnormal expres-
sion of microRNA -155 was closely related to
the incidence of lung cancer [9, 10]. These
results suggested that microRNAs could be
potential target biomarkers for cancer treat-
ment. Recent study showed that the abnormal
expression of microRNAs was one important
reason for the occurrence of colorectal cancer
[14].

MicroRNA-195 was first found to be the gene of
rat and it was confirmed to exist in human late-
ly. Has-miR-195 is located on human chromo-
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Figure 4. Transwell in vitro invasion assays results. A: hsa-miR-195 Mimics (-) and Bcl-2 recombinant plasmid (-);
B: hsa-miR-195 Mimics (+) and Bcl-2 recombinant plasmid (-); C: hsa-miR-195 Mimics (-) and Bcl-2 recombinant
plasmid (+); D: hsa-miR-195 Mimics (+) and Bcl-2 recombinant plasmid (+).

some 17p13.1 and expressed abnormally in
many cancers [12, 13]. We investigated the tar-
get gene of has-miR-195 by using prediction
methods of bioinformatics or literature [3]. In
many predicting results we found that the
sequence 5-UAGCAGCA-3’ of miR-195 could
combine with the sequence 3'UTR 5-UGC-
UGCUA-3’ of Bcl-2 gene mRNA thus inhibiting
the transcription and translation of Bcl-2 gene.
Bcl-2 is an important proto-oncogene inhibiting
apoptosis and its abnormal expression has
close relationship with the occurrence and
development of many diseases and is more
closely with tumor [14]. Therefore, we took the
important target gene Bcl-2 of has-miR-195 as
the research object in this study to explore the
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biological effects of has-miR-195 in the devel-
opment of colorectal cancer.

In this study we found that the expression of
Bcl-2 gene was up-regulated in colorectal can-
cer tissues (P < 0.01) which confirmed that
Bcl-2 protein played an important role in the
pathogenesis of colorectal cancer. RT-PCR
results showed that the expression levels of
hsa-miR-195 was lower in Caco-2 cells than
that of NCM460 cells (P < 0.01), which blocked
the regulation ability of hsa-miR-195 on Bcl-2
gene. Western blotting results also confirmed
that the expression levels of Bcl-2 was lower in
Caco-2 cells transfected with hsa-miR-195
Mimics than that of Caco-2 cells transfected

Int J Clin Exp Med 2015;8(3):3793-3800
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Table 3. The results of transwell in vitro
invasion assays (Mean + SD)

Hsa-miR-195 Hsa-miR-195

Mimics - Mimics +
Bcl-2 plasmid - 35+7 16 + 27
Bcl-2 plasmid + 52 + 3™ 23+5

Compared with control group, **P < 0.01, *P < 0.05.

with Negative scramble control (NC) RNA
(P < 0.01). Results of Transwell invasion assay
showed that the transfection of hsa-miR-195
Mimics could reduce the invasive ability of
Caco-2 cells. When hsa-miR-195 and Bcl-2
were over expressed simultaneously, the inva-
sive ability of Caco-2 cells was stronger that of
only transfected with hsa-miR-195 Mimics.
These results suggested that Bcl-2 protein was
involved in regulation of tumor invasion and
metastasis.

There are many different research perspectives
in the molecular mechanism that Bcl-2 protein
can promote the proliferation and invasion of
tumor cells. Kumar found that Bcl-2 can pro-
mote the invasion ability of tumor cells by IL-8
mediation [15]. Other studies showed that
Bcl-2 can promote the metastasis of prostate
cancer [16], lung cancer [17] and glioma [18].
Hsa-miR-195 reducing the invasion ability of
Caco-2 cells was at least partly associated with
the down-regulation of Bcl-2 protein [19, 20].
The regulatory effect of MicroRNAs is not single
[21] and Hsa-miR-195 also played more than
one kind of biological effects in the occurrence
of colorectal cancer. Hsa-miR-195 was signifi-
cantly down-regulated in adriamycin resistant
cell lines of colon cancer HT29 cells, the cyto-
toxicity of adriamycin was inhibited significantly
after silencing hsa-miR-195, which was closely
related with the inhibition of BCL2L2 expres-
sion by hsa-miR-195 [3, 22-25].

In a word, Hsa-miR-195 could inhibit the prolif-
eration and migration of tumor cells by regulat-
ing theH expression of Bcl-2 protein but the
biological effects of hsa-miR-195 are not sin-
gle, it is coordinated process with multiple mol-
ecules in multiple levels. So it is very important
to further research the molecular mechanisms
of hsa-miR-195 for explaining the occurrence of
tumor and providing new drug target of antican-
cer drugs.
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