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Abstract: Colorectal cancer (CRC) is a prevalent cancer with high mortality worldwide. This study was aimed to 
explore the functional effects of microRNA-195 (miR-195) on CRC cells and the underling mechanism involved. 
quantitative PCR (qPCR) was performed to monitor the expression of miR-195 in CRC tissues and cell lines. SW480 
and SW620 cells were transfected with either miR-195 mimic or antisense oligonucleotides (ASO) of miR-195. 
Then cell viability, cell cycle and the expressions of CyclinB1, CyclinD1 and Cyclin-Dependent Kinase 2 (CDK2) were 
respectively detected by 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyltetrazolium bromide (MTT), flow cytometry, qPCR 
and Western blot. A target of miR-195 was predicted and verified in vitro by using TargetScan and microRNA data-
base, Dual-Luciferase reporter assay, qPCR and Western blot. Further, the functions of the target on cell viability 
and cell cycle were detected by transfection with its expression vector. Moreover, the expressions of Wnt/β-catenin 
pathway proteins were detected by qPCR and Western blot. Results show that MiR-195 was decreased during CRC, 
and miR-195 overexpression inhibited cell viability, arrested cells in G2/M phase, and down-regulated CyclinB1, 
CyclinD1 and CDK2 (P < 0.05 or P < 0.01). Fibroblast growth factor 2 (FGF2) was a direct target of miR-195 and 
alleviated the inhibitive effects of miR-195 on cell viability and cell cycle progression (P < 0.05 or P < 0.01). Further, 
miR-195 specifically regulated Wnt/β-catenin pathway proteins (P < 0.01). All these findings suggest that miR-195 
suppressed CRC cells proliferation via targeting FGF2 and blocking Wnt/β-catenin pathway. 
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Introduction

Colorectal cancer (CRC), also known as colon 
cancer, is the fourth most prevalent cancer and 
the leading cause of cancer mortality world-
wide [1]. Main risk factors of CRC include 
increasing age, male gender, alcohol, red meat, 
obesity, insulin resistance, and metabolic syn-
drome [2]. In the past decade, remarkable 
advances have been made in the research for 
treating CRC. The development of new combi-
nations of standard chemotherapy, as well as 
the introduction of new targeted therapies, 
largely improved the survival of CRC patients 
[3]. However, the 5-year relative survival for 
patients aged 65 years and older is remain 
unsatisfactory, as low as 60% [4]. Therefore, 
development of new therapy target for CRC 
treatment is still urgently needed. 

MicroRNAs (miRNAs) are endogenous, evolu-
tionarily conserved, and single chain noncoding 
small RNAs consisting of about 22 nucleotides, 
which inhibit mRNA transcription or induce 
mRNA degradation and shed new light on can-
cer research [5-7]. Nowadays, abnormal regula-
tion of miRNAs expression has been found 
implicated in the development of CRC. Clinical 
investigations found that miR-92 was aberrant-
ly in plasma of CRC patients and miR-92 was 
identified as a noninvasive molecular marker 
for CRC screening [8]. Preclinical studies 
showed that altered expressions of miR-21, 
miR-31, miR-143 and miR-145 were related to 
clinicopathologic features of CRC [9]. Fur- 
thermore, the anti-proliferative, chemosensitiz-
er and pro-apoptotic roles for miR-143 have 
been found in CRC [10]. 
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MiR-195, one of the miR-16/15/195/424/497 
family members, has been shown to play a piv-
otal role in tumorigenesis, as a tumor suppres-
sor [11, 12]. In terms of CRC, several previous 
studies indicated that miR-195 was down-regu-
lated in CRC tissues and cell lines [13, 14]. 
Down-regulation of miR-195 has been shown to 
correlate with CRC cells proliferation, colony-
formation and invasion as well as poor progno-
sis in this cancer [15]. However, the functional 
effects of miR-195 on CRC and its underling 
mechanism have not been exhaustively investi-
gated. Therefore, in this study, human CRC cell 
lines SW480 and SW620 were employed and 
transfected with either miR-195 mimic or anti-
sense oligonucleotides (ASO) of miR-195, then 
cell viability and cell cycle was assessed. 
Besides, a target of miR-195 was predicted and 
verified, and main factors in Wnt/β-catenin sig-
naling pathway were detected to reveal the 
potential mechanisms. This study uncovered 
the important roles of miR-195 in CRC and 
might shed new light on the mechanism of miR-
195 on this disease. 

Materials and methods

Clinical samples 

A total of 40 adults (25 males and 15 females; 
aged from 28-66 years) with CRC were enrolled 
in the current study, from November, 2012 to 
July, 2015. Tumor tissues and adjacent tissues 
(located < 3 cm away from the tumor) were 
obtained from these individuals who had under-
gone proctocolectomy with lymph node dissec-
tion for CRC, at the Affiliated Hospital of Qingdao 
University. All these samples were derived from 
initial surgery without either preoperative che-
motherapy or radiotherapy. Tumor tissues and 
adjacent tissues were collected immediately 
after surgical removal and snap-frozen in liquid 
nitrogen until further use. This study was 
approved by our local Ethics Committee, and 
written informed consent was obtained from all 
subjects for the use of their tissues samples for 
research. 

Cell culture and transfection

Human CRC cell lines SW480, SW620, HT29 
and LOVO were obtained from the American 
Type Culture Collection (ATCC; Manassas, VA, 
USA), and the normal human intestinal epithe-
lial cell line HIEC was purchased from Shanghai 

Institute of Cell Biology (Shanghai, China). All 
cells were cultured in RPMI-1640 (Gibco, Grand 
Island, NY) medium supplemented with 10% 
fetal bovine serum (FBS; Gibco, Grand Island, 
NY), 100 U/mL penicillin, and 100 μg/mL strep-
tomycin (Life Technologies, Cergy Pontoise, 
France), maintained at 37°C in a humidified air 
atmosphere containing 5% CO2 [16]. 

A Fibroblast growth factor 2 (FGF2) expression 
vector was constructed by sub-cloning the full-
length FGF2 coding sequence into pcDNA3.1 
(Sangon Biotech, Shanghai, China). The empty 
pcDNA-3.1 plasmid was used as its negative 
control. MiR-195 mimic, ASO of miR-195 and 
theirs corresponding controls (scrambled) were 
synthesized by RiboBio (Guangzhou, China). For 
transfection, SW480 and SW620 cells were 
plated onto 60-mm dishes at a density of 2 × 
106 cells/well. At 24 h after the incubation, 
cells were transfected with miR-195 mimic, 
ASO of miR-195, or their corresponding con-
trols, otherwise transfected with miR-195 
mimic and/or FGF2 expression vector. All trans-
fection were performed by Lipofectamine 2000 
(Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. Cells were collect-
ed after 48 h of transfection for subsequent 
analyses. 

Real-time quantitative PCR (qPCR)

Total RNA in cells and tissues were extracted by 
using Trizol reagent (Invitrogen, Carlsbad, CA). 
RNA (500 ng) from each samples were convert-
ed to cDNA by Transcriptor First Strand cDNA 
Synthesis Kit (Roche, USA). Real-time qPCR 
was conducted on the PCR System 7500 (ABI) 
by using FastSTART Universal SYBR Green 
Master (ROX; Roche, USA), according to the 
instructions of manufacture. Data were normal-
ized to GAPDH or U6 snRNA expression, and 
were analyzed using the classic 2-ΔΔCt method 
[17]. All primers were synthesized by Gene- 
Pharma (Shanghai, China). 

Cell viability assay

Cell viability was measured by the 3-(4, 
5-dimethyl-2-thiazolyl)-2, 5-diphenyltetrazolium 
bromide (MTT) assay. In brief, the transfected 
SW480 and SW620 cells were seeded in 
96-well plates at a density of 5 × 103 cells/well. 
After 24 h of incubation, 20 μL MTT (0.5 mg/
mL; Sigma-Aldrich, St. Louis, Mo, USA) was 
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Figure 1. MiR-195 expression was decreased during CRC. A. The mRNA level expression of miR-195 in CRC tissues 
and paired adjacent tissues was measured by qPCR; B. The mRNA level of miR-195 in CRC cell lines, i.e., SW480, 
SW620, HT29 and LOVO, and in normal intestinal epithelial cell line HIEC, was measured by qPCR. MiR-195, mi-
croRNA-195; CRC, colorectal cancer; qPCR, quantitative PCR; *, P < 0.05; **, P < 0.01. 

added into each well and incubated for another 
3 h at 37°C. Subsequently 150 μL dimethyl 
sulfoxide (DMSO; Sigma-Aldrich) was added to 
stop the reaction. The optical density was 
detected with a Multiskan EX (Thermo, Finland) 
at a wavelength of 570 nm [18].

Cell cycle analysis

Cell cycle distribution was detected by using 
the Cell Cycle and Apoptosis Analysis Kit 
(Beyotime, Shanghai, China) according to the 
manufacturer’s instructions. After transfection, 
cells were harvested and washed twice with 
phosphate-buffered saline (PBS), and then 
fixed in chilled 70% ethanol at 4°C overnight. 
Afterward, cells were re-suspended in 500 μL 
of PBS containing 0.2 mg/mL RNaseA and 50 
μg/mL PI for 30 min at room temperature in the 
dark. Proportion of the cells in G0/G1, S and 
G2/M phase was analyzed by the ModFit soft-
ware (Verity Software House, Topsham, ME, 
USA) [19]. 

Luciferase reporter assays

The 3’-untranslated region (3’-UTR) of FGF2 
was amplified by PCR and placed in the pmiR-
Report vector (Ambion). These vectors were co-
transfected with miR-195 mimic or its control 
into cells using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA). After 48 h transfection, 
luciferase assay was carried out using the 
Dual-Luciferase reporter assay system (Pro- 
mega) as previous described [20]. 

Western blot 

After transfection, cellular proteins were 
extracted by lysis buffer (Beyotime, Shanghai, 
China), and the protein concentration was 
determined by Bicinchoninic Acid (BCA) Kit 
(Solarbio, Beijing, China). Protein samples were 
separated by the sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDSPAGE) and 
transferred to nitrocellulose membranes (Ma- 
ibio, Shanghai, China). After blocked with 5% 
nonfat milk for 1 h at room temperature, the 
membranes were incubated with specific pri-
mary antibodies against CyclinB1 (ab32053), 
CyclinD1 (ab134175), Cyclin-Dependent Kinase 
2 (CDK2; ab6433), FGF2 (ab16828), β-catenin 
(ab32572), Ki-67 (ab15580), Glycogen Synth- 
ase Kinase 3β (GSK-3β; ab93926), phosphory-
lated GSK-3β (p-GSK-3β; ab131097), Tran- 
scription Factor 4 (TCF-4; ab60727), Lymphoid 
Enhancer Binding Factor 1 (LEF-1; ab53293) 
and GAPDH (ab8245) (Abcam, Cambridge, UK), 
at 4°C overnight. The membranes were then 
incubated with horseradish peroxidase (HRP)- 
conjugated secondary antibodies for 2 h at 
room temperature. Enhanced chemilumines-
cence (ECL) reagent (GE Healthcare, Little 
Chalfont, UK) was used to develop the signals, 
and the densitometric measurements were 
performed using ImageJ software (National 
Institutes of Health, Bethesda, MD, USA) [21]. 

Statistical analysis 

Data were represented as the mean ± standard 
deviation (SD) from three independent experi-
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cent tissues, as well as between CRC cell lines 
(SW480, SW620, HT29 and LOVO) and normal 
intestinal epithelial cell line (HIEC). Results in 
Figure 1A and 1B showed that, in CRC tissues 
and cell lines, the mRNA level expression of 
miR-195 was significantly lower than in theirs 
normal groups (P < 0.05 or P < 0.01). These 
data suggesting that, the expression of miR-
195 might be implicated in the pathogenesis of 
CRC. In addition, SW480 and SW620 seemed 
to possess the lowest miR-195 expression; 
therefore, these two cell lines were selected for 
the following investigations. 

ments. Data were analyzed by Student’s t test 
to calculate the different significance between 
two groups, using the GraphPad Prism 5.0 soft-
ware (GraphPad Software, San Diego, CA). P < 
0.05 was considered statistically significant. 

Results 

MiR-195 expression was decreased during 
CRC 

To explore the role of miR-195 in CRC, qPCR 
was performed to compare the expression of 
miR-195 between CRC tissues and paired adja-

Figure 2. MiR-195 suppressed CRC cells viability and 
induced G2/M arrest. SW480 and SW620 cells were 
transfected with miR-195 mimic, ASO of miR-195 or 
their corresponding controls. Then, (A and B) cell viabil-
ity was measured by MTT; (C) Cell cycle was detected 
by flow cytometer; and (D and E) the mRNA and protein 
level expressions of CyclinB1, CyclinD1 and CDK2 were 
determined by qPCR and Western blot. GAPDH acted 
as an internal control. MiR-195, microRNA-195; CRC, 
colorectal cancer; ASO, antisense oligonucleotides; 
MTT, 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyltetrazo-
lium bromide; CDK2, Cyclin-Dependent Kinase 2; qPCR, 
quantitative PCR; *, P < 0.05; **, P < 0.01. 
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MiR-195 suppressed CRC cells viability and 
induced G2/M arrest 

To observe the effects of miR-195 on CRC cells, 
miR-195 mimic, ASO of miR-195 or their corre-
sponding controls were transfected into SW480 
and SW620 cells. After the transfection, we 
sought to scan changes in cell viability and cell 
cycle. MTT assay (Figure 2A and 2B) showed 
that, cell viability was significantly inhibited by 
miR-195 overexpression, while was enhanced 
by miR-195 suppression (P < 0.05 or P < 0.01), 

in a time-dependent manner. Detection by flow 
cytometer (Figure 2C) showed that, G2/M 
phase cell proportion increased remarkably in 
miR-195 overexpressed cells when compared 
with its control. Further, qPCR and Western blot 
analyses (Figure 2D and 2E) displayed that, 
both the mRNA and protein levels of CyclinB1, 
CyclinD1 and CDK2 were down-regulated by 
miR-195 overexpression, while were up-regulat-
ed by miR-195 suppression (P < 0.05 or P < 
0.01). Taken together, these data indicated the 
anti-proliferation role of miR-195 in CRC cells. 

Figure 3. FGF2 was a direct target of miR-195. A. FGF2 was predicted as a target of miR-195 by using TargetScan 
and microRNA database; B and C. Dual-Luciferase reporter assay was performed to verify FGF2 was a direct target 
of miR-195; D and E. SW480 cells were transfected with miR-195 mimic, ASO of miR-195 or their corresponding 
controls, then the mRNA and protein level expressions of FGF2 were detected by qPCR and Western blotting. GAPDH 
acted as an internal control. FGF2, Fibroblast growth factor 2; miR-195, microRNA-195; ASO, antisense oligonucle-
otides; qPCR, quantitative PCR; ns, no significance; *, P < 0.05; **, P < 0.01. 
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Figure 4. FGF2 reduced the inhibitory effects of miR-195 on CRC cells proliferation. A and B. SW480 cells were 
transfected with either FGF2 expression vector or its negative control, then cell viability and cell cycle were detected 
by MTT and flow cytometer; C and D. SW480 cells were transfected with miR-195 mimic or co-transfected with miR-
195 mimic and FGF2 expression vector, then cell viability and the expression of CyclinB1, CyclinD1 and CDK2 were 
measured by MTT and Western blot. FGF2, Fibroblast growth factor 2; miR-195, microRNA-195; CRC, colorectal 
cancer; MTT, 3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyltetrazolium bromide; CDK2, Cyclin-Dependent Kinase 2; *, P 
< 0.05; **, P < 0.01. 

FGF2 was a direct target of miR-195 

Here, TargetScan (www.targetscan.org) and 
microRNA database (www.microrna.org) were 
used to predict the target gene of miR-195. As 
the result showed in Figure 3A, FGF2 was pre-
dicted as a target of miR-195. Further, Dual-
Luciferase reporter assay (Figure 3B and 3C) 
showed that miR-195 reduced the activity of 
the luciferase reporter fused to the 3’-UTR-WT 
of FGF2 (P < 0.01), but did not suppress that of 
the reporter fused to the Mut version (P > 0.05). 
These data suggested that miR-195 directly 
targeted FGF2. Additionally, qPCR and Western 
blot (Figure 3D and 3E) were performed to 
detect FGF2 expression in miR-195 overex-
pressed or suppressed cells. We found that 

both the mRNA and protein levels of FGF2 were 
negatively regulated by miR-195 (P < 0.05 or P 
< 0.01). In summary, FGF2 was a direct target 
of miR-195 and was negatively regulated by miR- 
195. 

FGF2 reduced the inhibitory effects of miR-
195 on CRC cells proliferation

To explore whether miR-195 exerted its anti-
proliferation role through FGF2, SW480 was 
transfected with miR-195 mimic, FGF2 ex- 
pression vector, or both of them. Figure 4A and 
4B showed that, FGF2 significantly enhanced 
cell viability and increased S-phase cells pro-
portion (P < 0.05 or P < 0.01). Furthermore, 
FGF2 could notably reduce the inhibitory 
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Figure 5. MiR-195 blocked Wnt/β-catenin pathway. SW480 cells were transfected with miR-195 mimic, ASO of 
miR-195 or their corresponding controls. Then, the protein expressions of (A) β-catenin and Ki-67s, as well as (B) 
GSK-3β and p-GSK-3β were measured by Western blot; (C and D) The mRNA and protein expressions of TCF-4 and 
LEF-1 were measured by qPCR and Western blot. GAPDH acted as an internal control. MiR-195, microRNA-195; 
ASO, antisense oligonucleotides; GSK-3β, Glycogen Synthase Kinase 3β; phosphorylated GSK-3β, p-GSK-3β; TCF-4, 
Transcription Factor 4; LEF-1, Lymphoid Enhancer Binding Factor 1; qPCR, quantitative PCR; **, P < 0.01.

effects of miR-195 on cell viability (P < 0.05 or 
P < 0.01; Figure 4C). Additionally, FGF2 remark-
ably recovered the down-regulative effects of 
miR-195 on the expression of CyclinB1, 
CyclinD1 and CDK2 proteins (Figure 4D). These 
data indicated miR-195 modulated CRC cells 
proliferation might be via regulation of FGF2. 

MiR-195 blocked Wnt/β-catenin pathway 

To confirm the impact of miR-195 on cell prolif-
eration, the expression of Ki-67, a proliferating 
marker, was measured. Western blotting data 
(Figure 5A) showed that, Ki-67 was down-regu-
lated by miR-195 overexpression, while was up-
regulated by miR-195 suppression. Further, to 
determine the signaling pathway by which miR-
195 inhibited CRC cells proliferation, the 
expressions of Wnt/β-catenin pathway factors 
were determined. qPCR and Western blot assay 
(Figure 5A-D) displayed that, down-regulations 
of β-catenin, TCF-4 and LEF-1, as well as up-
regulation of GSK-3β and p-GSK-3β, were found 
in miR-195 over-expressed cells. In contrast, 

these five factors were reversely regulated by 
miR-195 suppression. Thus, we inferred Wnt/β-
catenin pathway was blocked by miR-195 in 
CRC cells.

Discussion 

Accumulating evidence has revealed that miR-
NAs play pivotal roles in developmental and 
pathological processes of many human can-
cers, some of them being considered as tumor 
suppressor genes, while others recognized as 
oncogenes [22-24]. Currently, miR-195 has 
been identified as tumor suppressor genes in 
CRC. However, the underling mechanism in 
which miR-195 controls CRC has not been fully 
investigated. The data in this study showed 
that, miR-195 was remarkably decreased in 
CRC tissues and cell lines, and overexpression 
of miR-195 suppressed CRC cells viability and 
induced G2/M arrest. Besides, FGF2 was veri-
fied as a direct target of miR-195, and FGF2 
could alleviate the inhibitory effects of miR-195 
on CRC cells proliferation. Further in vitro inves-
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tigations displayed that, miR-195 could block 
Wnt/β-catenin pathway in CRC cells. 

Deregulated cell proliferation and unscheduled 
re-entry into the cell cycle are two main charac-
teristics of most human tumor cells [25]. A vast 
body of literature has illustrated inhibition of 
tumor cell proliferation via arresting cells at 
G2/M or G0/G1 phase may provide therapeutic 
benefit against certain human neoplasias [25, 
26]. Functional studies have provided the evi-
dences that miR-195 could suppress cell 
growth, and stagnate cell cycle progression at 
the G1/S transition in CRC cells [15, 27]. In line 
with these previous studies, our data also sug-
gested miR-195 could suppress CRC cells pro-
liferation, while might be via arresting more 
cells at G2/M phase. CDKs are key mediators 
in cell cycle, and CDK activity requires binding 
of regulatory subunits known as Cyclins [25]. In 
primary CRC tissue, elevated CDK2 expression 
was found, and the impacts of CDK2 on cell 
proliferation were associated with CyclinB1 and 
CyclinD1 [28, 29]. In the current study, the lev-
els of CyclinB1, CyclinD1 and CDK2 were all 
down-regulated by miR-195 overexpression, 
further confirmed that miR-195 could control 
CRC cells proliferation via disrupting cell cycle. 

FGFs have significant interaction with cell 
growth, differentiation, and functioning, and 
they play vital roles in maintaining tissue and 
repairing damage [30]. Currently, elevated 
expression of FGF2 has been reported in CRC 
cell lines, and FGF2 played a key role in promo-
tion of cell proliferation [31, 32]. In the present 
study, we revealed that FGF2 was a functional 
target of miR-195 in CRC cells. Further func-
tional analyses showed that, FGF2 partly recov-
ered the decreased cell viability and down-reg-
ulated CyclinB1, CyclinD1 and CDK2 expres-
sions caused by miR-195 overexpression. Our 
data indicated that miR-195 exerted anti-prolif-
erative functions in CRC at least in part via tar-
geting FGF2. 

The Ki-67 nuclear antigen is present through-
out the cell cycle and its increases during mito-
sis. Immune-staining with Ki-67 provides a reli-
able means of rapidly evaluating the growth 
fraction of neoplastic human cell populations 
[33]. This study displayed that Ki-67 was down-
regulated by miR-195 overexpression, further 
confirmed the anti-proliferation role of miR-195 
in CRC cells. Wnt/β-catenin pathway is a crucial 

mechanism involved in the regulation of cell 
proliferation, and has been recognized as a key 
pathway during tumorigenesis [34, 35]. In 
mammals, cytoplasmic β-catenin translocates 
to the nucleus and combines with the TCF/LEF 
family, as a result of the deactivation of GSK-3 
by Wnt [36]. This event leads to the specific 
regulation of β-catenin target genes, including 
CyclinD1, and regulation of cell proliferation. In 
the current study, miR-195 overexpression 
notably down-regulated the levels of β-ca- 
tenin, TCF-4 and LEF-1, while up-regulated 
GSK-3β and p-GSK-3β, suggesting that miR-
195 affected cell proliferation via blocking 
Wnt/β-catenin pathway. 

Taken together, we determined that miR-195 
was frequently decreased in CRC tissues and 
cell lines. MiR-195 suppressed CRC cells prolif-
eration via targeting FGF2 and blocking Wnt/β-
catenin pathway. However, further study still 
needed to confirm these hypotheses.
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