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Background: MicroRNAs (miRNAs) play an important regulatory role in carcinogenesis and

cancer progression. MiR-95-3p has been reported to be an oncogene in hepatocellular

carcinoma. However, the role of miR-95-3p in colorectal carcinoma (CRC) remains unclear.

Methods: miR-95-3p was validated in an independent validation sample cohort of 215 CRC

tissues. Functional assays, Cell proliferation (MTT) assay colony formation, wound healing,

transwell and animal xenograft assays were used to determine the oppressor role of miR-

95-3p in human CRC progression. Furthermore, Bioinformatics analysis, western blotting

and dual-luciferase reporter assay were used to determine the mechanism by which miR-

95-3p suppresses progression of CRC cells.

Results: In this study, we found that miR-95-3p was downregulated in CRC tissues. The low

level of miR-95-3p in CRC tumors was correlated with aggressive clinicopathological

characteristics, and it predicted poor prognosis in CRC patients. The overexpression of

miR-95-3p significantly inhibited CRC cell proliferation, colony formation and metastasis

in vitro and in vivo. Bioinformatic analysis further identified hepatoma-derived growth

factor (HDGF) as a novel target of miR-95-3p in CRC cells. These findings suggest that miR-

95-3p regulates CRC cell survival, partially through the downregulation of HDGF.

Conclusions: Therefore, the miR-95-3p/HDGF axis might serve as a novel therapeutic target

in patients with CRC.
Colorectal cancer (CRC) is the thirdmost common cancer, and

it is the fourth leading cause of cancer-related deaths in the

world [1,2]. Between one million and twomillion new cases of
rectal Surgery, Changha

om (W. Zhang), hao_liqia

g Gung University.
s work.

ublishing services by Else
s/by-nc-nd/4.0/).
CRC are diagnosed each year, and more than 700 000 people

die each year [3,4]. Local recurrence and distantmetastasis are

the main causes leading to death from CRC [5]. Therefore,
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At a glance of commentary:

Scientific background on the subject

MicroRNAs play an important regulatory role in carci-

nogenesis and cancer progression. MiR-95-3p has been

reported to be an oncogene in hepatocellular carcinoma.

However, the role of miR-95-3p in colorectal carcinoma

(CRC) remains unclear.

What this study adds to the field

We found that miR-95-3p was downregulated in CRC

tissues. The low level of miR-95-3p in CRC tumors was

correlated with aggressive clinicopathological charac-

teristics, and it predicted poor prognosis in CRC patients.

The overexpression of miR-95-3p significantly inhibited

CRC cell proliferation, colony formation and metastasis.

Bioinformatic analysis further identified hepatoma-

derived growth factor as a novel target of miR-95-3p in

CRC cells.
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understanding the factors involved in CRC metastasis is

necessary for identifying new biomarkers and developing new

anticancer strategies.

MicroRNAs (miRNAs or miRs) are small noncoding RNA

molecules of 21e25 nucleotides in length that recognize spe-

cific complementary sequences that are predominantly

located in the 30-untranslated region (UTR) of target mRNAs

and function to either repress translation or degrade target

mRNAs [6,7]. Increasing evidence in recent years indicates

that many microRNAs play critical roles in oncogenes or

tumor suppressors in human cancer [8e13]. Previous studies

have shown that miR-95-3p is of great interest for cancer

therapies due to its association with various types of cancer

[14,15]. The results of functional research on miR-95 seem to

be contradictory, as miR-95 promotes the growth of pancre-

atic, prostate and breast cancer [16,17], while has anticancer

activity in hepatic, brain and neck cancer [18,19]. However,

miR-95-3p has not been previously reported in CRC. So here

we recruited miR-95-3p as a candidate to explore its biological

function in CRC.
Materials and methods

Tissue samples

A total of 215 pairs of snap-frozen CRC and peritumoral tis-

sues were obtained from the Changhai Hospital (Shanghai,

China). These tissues were used for the quantitative real-time

polymerase chain reaction (qRT-PCR) analysis. Micro-

metastases were defined as tumors adjacent to the border of

the main tumor, as observed using a microscope. Tumor

staging was defined based on the sixth edition of the Tumor

Node Metastasis (TNM) classification system published by the

International Union Against Cancer. The tissue samples were
stored at �80 �C until further use. The study was approved by

the Institutional Review Board of the Changhai Hospital. All

patients gave their written informed consent to participate in

the study. The data do not contain any information that could

identify the patients.

Cell culture

The normal human colon mucosal epithelial cell line NCM460

and the CRC cell lines LS174T, DLD1, HT29, HCT116, SW480,

and SW620were purchased from the Shanghai Institute of Life

Sciences Cell Resource Center in Shanghai, China. All cell lines

were cultured in DMEM (HyClone) supplemented with 10%

fetal bovine serum (FBS) and 1% penicillin/streptomycin

(Gibco). All cell cultures were maintained at 37 �C in a hu-

midified atmosphere with 5% CO2.

Bioinformatic methods

The miRNA targets were predicted using a computer-aided

algorithm from TargetScan (http://www.targetscan.org).

Quantitative real-time polymerase chain reaction (qRT-PCR)

Mature miR-95-3p expression was detected using a miRNA-

assay kit (Applied Biosystems, Foster City, CA, USA) accord-

ing to the manufacturer's instructions. The U6 gene was used

as a normalization control. All experimentswere performed in

triplicate and repeated once. To verify the integrity of HDGF

expression, the GAPDH gene was used as an internal control.

qRT-PCR was run using the following conditions: 30 cycles

consisting of denaturation at 94 �C for 30 s, annealing at 56 �C
(58 �C for GAPDH) for 30 s, and extension at 72 �C for 30 s. The

primer sequences were as follows:miR-195 forward, 50-
ACACTCCAGCTGGGTTCAACGGGTATTTAT-30 andreverse,50-
TGGTGTCGTGGA GGAGTCG-3'; U6 forward, 50-CTC GCT TCG

GCA GCA CA-30 and reverse,50-AACGCTTCA CGA ATT TGC GT-

3'; HDGF forward, 50-GAG GGT GAC GGT GAT AAG AA-30 and
reverse, 50-GAAACATTGGTG GCTACA GG-3'; and GAPDH for-

ward, 50-TGCACC ACC AAC TGC TTA GC-30 and reverse, 50-
GGC ATG CACTGTGGTCATGAG-3'. All samples were amplified

in triplicate.

Western blotting assay

Cell lysates were separated using 10% sodiumdodecyl sulfate-

polyacrylamide gels, electrophoretically transferred to poly-

vinylidene difluoride membranes (Roche Diagnostics, Man-

nheim, Germany), and then detected using a mouse anti-

HDGF monoclonal (1:500, ab58644, Abcam, USA). Protein

loading was estimated using a mouse anti-GAPDH mono-

clonal (1:1000, ab8245, Abcam, USA)antibody. LabWorks

Image Acquisition and Analysis Software (UVP, Upland, CA,

USA) were used to quantify the b and intensities.

Luciferase activity assay

The 30UTR of HDGF was amplified and cloned downstream of

the pGL3/luciferase (Luc) vector. The mutant 30UTR of HDGF

(several nucleotides within the binding sites were mutated)

http://www.targetscan.org
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was amplified using the pGL3/Luc-HDGF 30UTR as the tem-

plate and then cloned downstream of the pGL3/Luc vector. For

the luciferase reporter assay, the cells were cotransfected

with either miR-95-3p mimics or control and the pGL3/Luc-

HDGF 30UTR or the mutant 30UTR, together with the controls.

Then, 48 h after transfection, the cells were lysed using RIPA

buffer, and luciferase intensity was measured using an F-4500

Fluorescence Spectrophotometer (HIT-ACHI).
Transfection

For stable transfection, the lentiviral expression vectors LV-

Control and LV-HDGF were obtained from Shanghai Gene
Fig. 1 MiR-95-3p expression is downregulated in human CRC. (A)Th

lines than in normal liver cells. MiR-95-3p expression was normali

was analyzed in 215 cases of CRC using qRT-PCR and was normaliz

showed a shorter RFS than the high miR-95-3p expression group. (

than the high miR-95-3p expression group. (E and F) The prognos

early-stage CRC (TNM stage I). Statistical significance was assess

***p < 0.001).
Pharma Company (China). Lentiviruses were mixed with

polybrene (5 mg/ml), and HCT116 cells were added. Positive

clones were selected in puromycin (5 mg/ml). Stable HDGF

transfectants were isolated after 2 weeks.
Cell proliferation (MTT) assay and colony formation assay

The transfected cells were plated onto 96-well plates at a

density of 5000 cells/well. Then, 48 h after transfection, the

cells were incubated with MTT (3-(4, 5-dimethylthiazol-2-

yl)-2, 5-diphenyltetrazolium bromide) for 4 h at 37 �C. The
cells were then agitated with MTT solvent on an orbital

shaker for 10 min while avoiding light. The absorbance was
e expression of miR-95-3p was significantly lower in CRC cell

zed to U6 expression. (B)The relative expression of miR-95-3p

ed to U6 expression. (C) The lowmiR-95-3p expression group

D) The low miR-95-3p expression group showed a shorter OS

tic value of miR-95-3p was also observed in patients with

ed by two-sided log-rank tests. (*p < 0.05; *p < 0.005;
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measured at 450 nm (OD450 nm) using a spectrophotometer.

The transfected cells were seeded onto 12-well plates at a

density of 200 cells/well. The medium was changed every 3

days. Approximately 10 days after seeding, most of the cell

clones contained more than 50 cells. The clones were

washed with 1 � PBS and stained with crystal violet for

approximately 5 min. The clones were imaged and counted,

and the colony formation rate was calculated using the

following formula (number of clones)/(number of seeded

cells) � 100%.
Table 1 Clinical characteristics of 215 CRC patients
according to the miR-95-3p expression levels.

Feature miR-95-3p p-value*

High # (n ¼ 107) Low # (n ¼ 108)

All cases

Age, y 0.637

�60 48 44
Transwell assays

Millicell 24-well culture insert plates (Millipore, USA) and

polycarbonate membranes with a pore size of 8 mm were

used in the transwell assays as follows. First, the insert

plates were equilibrated with 0.5 ml of DMEM for 1 h at 37 �C
with 5% CO2. The medium was then replaced with 0.5 ml of

DMEM supplemented with 10% FBS in the lower chambers.

In total, 50 000 cells in 400 mL of serum-free DMEM were

loaded into the upper chambers. After 24 h of incubation,

the insert plates were rinsed with PBS, and the upper sur-

faces of the membranes were scraped to remove the cells.

The cells on the underside of the membrane were stained

with Giemsa stain and counted using a microscope. Cells

from each culture condition were examined in

quadruplicate.

<60 59 64

Sex 0.251

Male 93 100

Female 14 8

CEA, mg/L 0.017

�5 45 64

<5 62 44

Tumor location 0.048

Rectum 57 42

Colon 50 66

Differentiation grade 0.634

Moderate þ Poor 65 70
Wound healing assays

For thewoundhealing assays, amonolayer of cells plated onto

12-well plates waswounded by scraping themonolayer with a

200-mL plastic pipette tip. The cells were then rinsed several

times with medium to remove any floating cells. The wound

healing process was monitored with an inverted light micro-

scope (Olympus).
Well 42 38

Tumor size, cm <0.001
�5 51 83

<5 56 25

Local invasion <0.001
pT3-pT4 15 56

pT1-pT2 92 52

Lymph node metastasis 0.374

Positive 59 52

Negative 48 56

Adjuvant chemotherapy <0.001
Present 83 54

Absent 24 54

TNM stage <0.001
III-IV 43 82

I-II 64 26

#The median expression level was used as the cutoff. Low miR-95-

3p expression in each of the 108 patients was defined as a value

below the 50th percentile. HighmiR-95-3p expression in each of the

107 patients was defined as a value above the 50th percentile.

*For analysis of correlation between the expression levels of miR-

95-3p and the clinical features, Pearson chi-square tests were

used. The results were considered statistically significant at

p < 0.05.
Animal studies

The animal studies were approved by the Institutional Animal

Care and Use Committee of the Second Military Medical Uni-

versity in Shanghai, China. To explore the effects ofmiR-95-3p

on tumor growth in vivo, 1 � 107 HCT116 cells, which stably

overexpressed miR-95-3p, or control cells were subcutane-

ously implanted into the bilateral armpit of nine BALB/c nude

mice. The tumor volume was measured each week following

implantation (volume, V ¼ length � width � height � 1/2). All

mice were sacrificed 5 weeks later. Eighteen 6-week-old male

nude mice were assigned randomly into two groups, and the

cells (4 � 105) were injected into the tail vein of the mice to

establish a pulmonary metastatic model. The mice were

sacrificed 10 weeks after the injection and microscopically

examined for the development of lung metastatic foci via H &

E staining. The animals were housed in cages under standard

pathogen-free conditions, in accordance with the re-

quirements of the Second Military Medical University Animal

Care Facility and the National Institutes of Health guidelines.
Statistical analysis

Statistical analyses were performed using SPSS version

23.0(IBM).

Student's t-test was adopted to determine statistical dif-

ferences between two groups. One-way ANOVA was adopted

to determine statistical differences between multiple tests.

The chi-square test was used to analyze the relationship be-

tween miR-95-3p expression and clinicopathological charac-

teristics. Survival curves were plotted by the Kaplan Meier

method and compared by log-rank test. Multivariate analyses

were performed using the Cox multivariate proportional

hazard regression model in a stepwise manner (forward,

likelihood ratio). p < 0.05 was considered significant. All the

experiments were repeated three times.

https://doi.org/10.1016/j.bj.2019.03.006
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Results

MiR-95-3p expression is downregulated in human CRC

To explore the role of miR-95-3p in CRC, we first examined

the expression of miR-95-3p in CRC cell lines. As shown in

Fig. 1A, miR-95-3p expression was lower in CRC cell lines

than in NCM460 cells. We then detected the expression of

miR-95-3p in a total of 215 matched CRC tumor tissues and

their corresponding adjacent nontumor samples. Our results

indicated that miR-95-3p was significantly lower in tumor

tissues than in nontumor tissues [Fig. 1B]. Therefore, we

speculated that the downregulation of miR-95-3p expression

might play an important role in CRC progression and

development.

Decreased miR-95-3p expression predicts aggressive
clinicopathological characteristics and poor prognosis in CRC
patients

To investigate the clinical significance of miR-95-3p in CRC,

the cohort of 215 CRC patients was divided into two groups: a

low miR-95-3p expression (below the median expression

level, n ¼ 108) group and a high miR-95-3p expression (above

the median expression level, n ¼ 107) group. We found that

low miR-95-3p expression was associated with tumor loca-

tion (p ¼ 0.048), larger tumor size (�5 cm) (p < 0.001), local

invasion (p < 0.001), adjuvant chemotherapy use (p < 0.001),

advanced TNM stage (p < 0.001)and high CEA serum levels

(p ¼ 0.017) [Table 1]. KaplaneMeier survival analysis showed

that CRC patients in the low miR-95-3p expression group

exhibited worse recurrence survival (RFS) and overall sur-

vival (OS) than patients in the high miR-95-3p expression

group (p < 0.0001; p < 0.0001, respectively) [Fig. 1C, D]. The
Table 2 Univariable analysis for RFS (recurrence survival) and

Variable RFS

Hazard Ratio 95% CI

Age, y

�60 vs. <60 0.794 0.593e1.062

Sex

male vs. female 1.232 0.766e1.983

CEA, ug/L

�5 vs.<5 2.470 1.823e3.346

Tumor location

Rectum vs. Colon 1.503 1.127e2.005

Differentiation grade

Moderate þ Poor vs. Well 0.810 0.603e1.087

Tumor size, cm

�5 vs. <5 3.021 2.189e4.169

Local invasion

PT3-PT4 vs. PT1-PT2 3.118 2.273e4.277

Lymph node metastasis

Positive vs. Negative 1.178 0.884e1.572

Adjuvant chemotherapy

Absent vs. Present 2.983 2.155e4.128

TNM stage

III-IV vs. I-II 2.156 1.524e2.971

miR-95-3p expression

low vs. high 7.052 4.785e10.395
prognosis of some patients with early-stage CRC remains

poor, suggesting that a supplementary prognostic predictor

is required for these patients. Therefore, patients with early-

stage CRC (TNM stage I) were stratified, and subgroup ana-

lyses were performed. Notably, the prognosis-predictive

value of low miR-95-3p expression in early-stage CRC (TNM

stage I) was still proven (RFS, p ¼ 0.0474 and OS, p ¼ 0.0461)

[Fig. 1E, F]. A univariate analysis indicated that among the

clinicopathological characteristics, miR-95-3p expression

level, tumor location, larger tumor size, local invasion,

adjuvant chemotherapy, TNM stage, and CEA positivity were

correlated with RFS and OS [Table 2]. Furthermore, multi-

variate Cox regression analysis indicated that the miR-95-3p

expression level, CEA positivity, larger tumor size, adjuvant

chemotherapy, and TNM stage were independent risk factors

for RFS and that the miR-95-3p expression level, CEA posi-

tivity, larger tumor size, local invasion, adjuvant chemo-

therapy, and TNM stage were independent risk factors for OS

in CRC patients [Table 3]. Taken together, these results

indicate that miR-95-3p may represent a valuable prognostic

biomarker for CRC.
Overexpression of miR-95-3p inhibits CRC cell proliferation
in vitro and in vivo

To determine the effect of miR-95-3p on CRC cell behavior, we

overexpressed miR-95-3p in the HCT116 and SW620 cell lines

[Fig. 2A]. To confirm that miR-95-3p could function as a tumor

suppressor, the effects of miR-95-3p overexpression on CRC

cell proliferation were determined in vitro. As shown in Fig. 2B,

C, the overexpression of miR-95-3p inhibited CRC cell prolif-

eration. In parallel, HCT116 and SW620 cells that overex-

pressed miR-95-3p formed fewer colonies than control cells

[Fig. 2D, E]. To determine the effects of miR-95-3p on
OS (overall survival).

OS

p value Hazard Ratio 95% CI p value

0.120 0.842 0.599e1.183 0.322

0.389 1.049 0.613e1.794 0.862

<0.001 2.737 1.922e3.896 <0.001

0.006 1.952 1.393e2.736 <0.001

0.161 0.995 0.699e1.414 0.976

<0.001 3.055 2.082e4.484 <0.001

<0.001 3.78 2.607e5.479 <0.001

0.264 1.231 0.88e1.724 0.225

<0.001 2.768 1.882e4.07 <0.001

<0.001 2.645 1.846e3.92 <0.001

<0.001 10.322 6.448e16.523 <0.001

https://doi.org/10.1016/j.bj.2019.03.006
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Table 3 Multivariable analysis of RFS (recurrence survival) and OS (overall survival) in patients with CRC.

Variable RFS OS

Hazard Ratio 95% CI p value Hazard Ratio 95% CI p value

CEA, mg/L

�5 vs.<5 2.362 1.735e3.253 <0.001 2.677 1.823e3.899 <0.001
Tumor location

Rectum vs. Colon 0.973 0.728e1.355 0.833 1.288 0.841e1.842 0.162

Tumor size, cm

�5 vs. <5 2.330 1.644e3.227 <0.001 2.171 1.434e3.266 <0.001
Local invasion

PT3-PT4 vs. PT1-PT2 1.321 0.909e1.855 0.143 1.549 1.022e2.365 0.041

Adjuvant chemotherapy

Absent vs. Present 1.833 1.268e2.610 0.001 1.822 1.193e2.781 0.006

TNM stage

III-IV vs. I-II 1.389 1.010e1.864 0.027 1.615 1.156e2.337 0.006

miR-95-3p expression

low vs. high 4.274 2.722e6.688 <0.001 16.848 3.947e11.777 <0.001

Fig. 2 Overexpression of miR-95-3p inhibits CRC cell growth in vitro and in vivo. (A) Overexpression of miR-95-3p in HCT116 and

SW620 cells was assessed using qRT-PCR. MiR-95-3p expression was normalized to U6 expression. (B,C) MTT assays were

performed 24 h, 48 h, 72 h and 96 h after transfection to determine the proliferation of HCT116 and SW620 cells. The data

represent the mean ± SD from three independent experiments. (D,E) Colony formation assays were performed in HCT116 and

SW620 cells transfected with miR-95-3p mimics or a negative control. The average number of colonies and representative

images are shown. (F) Tumor growth in xenografted mice 5 weeks after subcutaneous injection with either miR-95-3p or miR-

GFP cells (n ¼ 9). (G) The indicated xenograft tumors were subjected to immunohistochemical staining of Ki67. Representative

images are shown in the left panel (magnification, � 200). (*p < 0.05; *p < 0.005; ***p < 0.001).
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Fig. 3 Overexpression of miR-95-3p inhibits CRC cell metastasis in vitro and in vivo. (A,B) The migratory properties of miR-95-3p-

overexpressing cells and control cells were analyzed by scratch wound healing assays in HCT116 and SW620 cells.

Representative results are shown. Magnification: �100(C,D) The migratory properties of the cells were analyzed using the

Transwell migration assay with Transwell filter chambers. The results are plotted as the average number of migrated cells from

6 random microscopic fields. (E,F) The invasive properties of the cells were analyzed with an invasion assay using BioCoat

Matrigel invasion chambers. The results are plotted as the average number of invasive cells from 6 random microscopic fields.

(G) Representative H & E images of mouse lung tissue sections from the LV-miR-95-3p mimic and LV-Negative control groups

(magnification: �200). (H)The number of metastatic foci in the lungs of each group (n ¼ 9) is presented as the mean ± SD (error

bars). (I)Comparisons of the OS curves of mice injected with either the LV-miR-95-3p mimic or LV-Negative control. p values

were calculated using the 2-sided log-rank test. (*p < 0.05; *p < 0.005; ***p < 0.001).
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tumorigenesis in vivo, we subcutaneously injected

HCT116 cells that stably overexpressed miR-95-3p or miR-GFP

into nude mice for xenograft transplantation. As shown in

Fig. 2F, mice injected with miR-95-3p-overexpressing cells

showed significantly less tumor growth than mice injected

with miR-GFP-transfected cells. In addition, the xenograft

tumors were subjected to immunohistochemical staining for

proliferating cell nuclear antigen (PCNA), which was used as a

proliferation marker. Notably, the number of Ki67-positive

nuclei was markedly decreased in the miR-95-3p-
overexpressing xenograft tumors compared to that in the

control counter parts [Fig. 2G]. Therefore, these results indi-

cated that ectopic miR-95-3p expression inhibited CRC cell

proliferation in vitro and in vivo.
Overexpression of miR-95-3p inhibits CRC cell metastasis
in vitro and in vivo

Next, we determined the effects of miR-95-3p overexpression

on CRC cell metastasis in vitro. A wound healing migration

https://doi.org/10.1016/j.bj.2019.03.006
https://doi.org/10.1016/j.bj.2019.03.006


Fig. 4 MiR-95-3p directly targets HDGF. (A) The putative miR-95-3 pbinding sites in the 30UTR of HDGF mRNA are shown. A

mutation was generated in the HDGF 30UTR sequence at the complementary site for the seed sequence of miR-95-3p. (B) Wild-

type (HDGF 30UTR-WT) or mutant (HDGF 30UTR-mut) reporter plasmids were cotransfected into HCT116 cells with miR-95-3p or

miR-GFP. The normalized luciferase activity in the control group was set as the relative luciferase activity. (C) Wild-type (HDGF

30UTR-WT) or mutant (IGF 30UTR-mut) reporter plasmids were cotransfected into SW620 cells with MmiR-95-3p or miR-GFP. The

normalized luciferase activity in the control group was set as the relative luciferase activity. (D) The mRNA expression of HDGF

was analyzed using qRT-PCR in HCT116 and SW620 cells. GAPDH was used as an internal control. (E)HDGF protein expression

was analyzed using Western blotting in HCT116 and SW620 cells. GAPDH was used as an internal control. (F)The correlation

between the miR-95-3p level and HDGF mRNA level was measured in the same set of tissues (*pP < 0.05; *p < 0.005; ***p < 0.001).
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assay showed that miR-95-3p overexpression could inhibit

cell migration in HCT116 and SW620 cells [Fig. 3A, B]. Migra-

tion and invasion assays with these miR-95-3p-

overexpressing cell lines also showed that cell mobility was

dramatically decreased in cells with exogenous expression of

miR-95-3p compared to that in control cells [Fig. 3CeF]. To

verify the in vivo consequences of miR-95-3p overexpression,

we injected HCT116 cells that stably overexpressedmiR-95-3p

or miR-GFP cells into the lateral tail vein of nude mice and

evaluated both the metastatic growth in the lungs and the

survival of the mice. Ten weeks later, the mouse lungs were

stained with H & E, and lung micro metastases were micro-

scopically evaluated [Fig. 3G, H]. Fewer and smallermetastatic

foci were detected in the mice injected with the HCT116-miR-

95-3p cells than in the control mice. In addition, mice injected

with HCT116-miR-95-3p cells had a significantly higher sur-

vival rate [Fig. 3I].
MiR-95-3p directly targets HDGF

The miRNA target prediction algorithm TargetScan was used

to computationally screen for genes with miR-95-3p comple-

mentary sites in their 30UTR. The results showed that HDGF

was a putative target of miR-95-3p. The miR-95-3p binding

sequences in the 30UTR of HDGF mRNA (WT-30UTR) or its

mutant (HDGF-30UTR-mut) were subcloned downstream of

the luciferase reporter vector pGL3 [Fig. 4A]. As shown in

Fig. 4B, C, the relative luciferase activity of the reporter con-

taining the HDGFWT-30UTRwas significantly decreasedwhen

miR-95-3p was cotransfected, whereas the luciferase activity
of the HDGF-30UTR-mut reporter was unaffected in HCT116

and SW620 cells. These results suggest that miR-95-3p might

suppress HDGF expression through the putative binding site

in its 30UTR. Furthermore, qRT-PCR and Western blot assays

were performed to determine whether miR-95-3p expression

affects the expression of endogenous HDGF at both the tran-

scriptional and translational levels. The mRNA levels of HDGF

were consistently decreased in miR-95-3p-overexpressing

CRC cells [Fig. 4D]. Furthermore, Western blot analysis

showed that the expression of HDGF was significantly

inhibited following the overexpression of miR-95-3p [Fig. 4E].

Moreover, miR-95-3p levels were negatively correlated with

the HDGF transcript levels in the tumor tissues [Fig. 4F]. These

data indicated that miR-95-3p inhibited HDGF expression in

CRC cells by targeting its 30UTR.
Rescued expression of HDGF abolishes the effects of miR-95-
3p on the phenotypes of CRC cells

To determine if the HDGF gene is required for the effects of

miR-95-3p on CRC cell proliferation and metastasis, ectopic

overexpression of HDGF was induced to conduct functional

studies in HCT116 and SW620 cells [Fig. 5A, B]. Fig. 5C, D shows

that the overexpression of HDGF abolished the effects of miR-

95-3p on the inhibition of CRC cell proliferation. Furthermore,

the capacities of migration and invasion in HDGF-

overexpressing CRC cells were significantly enhanced, while

the overexpression of HDGF abolished the effects ofmiR-95-3p

on the inhibition of CRC cell migration and invasion ability

https://doi.org/10.1016/j.bj.2019.03.006
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Fig. 5 Rescued expression of HDGF abolishes the effects of miR-95-3p on the phenotypes of CRC cells. (A,B) The expression

levels of HDGF in HCT116 and SW620 cells were examined by qRT-PCR. (C,D) MTT assays were performed 24 h, 48 h, 72 h and

96 h after transfection to determine the proliferation of HCT116 and SW620 cells. The data represent the mean ± SD from three

independent experiments. (E,F) The migratory properties of the cells were analyzed using the Transwell migration assay with

Transwell filter chambers. The results are plotted as the average number of migrated cells from 6 random microscopic fields,

and the invasive properties of the cells were analyzed with the invasion assay using BioCoat Matrigel invasion chambers. The

results are plotted as the average number of invasive cells from 6 random microscopic fields (*p < 0.05; *p < 0.005; ***p < 0.001).
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[Fig. 5E, F]. Therefore, HDGF overexpression abolishes the ef-

fects of miR-95-3p on the phenotypes of CRC cells.
Discussion

In this study, we found that miR-95-3p was downregulated in

CRC tumor tissues and CRC cell lines. MiR-95-3p down-

regulation was correlated with poor prognosis. Functionally,

the abnormal expression of miR-95-3p has been hypothesized

to contribute to the malignant phenotype of several tumors.

For example, in hepatocellular carcinoma, the ectopic

expression of miR-95-3p promotes tumorigenesis by targeting

p21 expression [20]. In our study, the overexpression of miR-

95-3p in HCT116 and SW620 cells significantly inhibited cell

proliferation and metastasis both in vitro and in vivo. These

results strongly suggest that miR-95-3p plays an inhibitory

role in CRC.

Previous studies have demonstrated that serum carci-

noembryonic antigen (CEA) is both an important prognostic

factor and an indicator of therapeutic effects and recurrence

in patients with rectal cancer [21,22]. CEA is produced in

normal cells and at a higher level in the presence of certain

cancers. The persistent elevation of CEA levels after surgery

for colorectal cancer may indicate incomplete resection or

occult metastatic disease, and it demonstrates a prognostic
feature for relapse [23]. The relationship between the

expression of miR-95-3p and serum CEA levels suggests that

miR-95-3p may be a potential biomarker in the diagnosis of

CRC.

As miR-95-3p has hardly been investigated in CRC previ-

ously, we planned functional experiments onmultiple aspects

of tumorigenesis, including proliferation, clone formation,

migration and invasion. In order to set up the experimental

group, miR-95-3p mimic was transfected into CRC cells to

enhance the miR-95-3p level. In MTT assay, we observed up-

regulation of miR-95-3p repressed CRC cells proliferation. As

migration and invasiveness is important factors in tumor

metastasis, we also performed transwell test to investigate

the function ofmiR-95-3p on this aspect. Less cells transfected

with miR-95-3p mimic invaded through the membrane than

control, as we expected. In vivo experiments also indicated

thatmiR-95-3p inhibited tumor growth andmetastasis of CRC.

These results suggested that miR-95-3p may act as a anti-

cancer factor in CRC.

MicroRNAs can function as tumor suppressors or onco-

genes by targeting oncogenes or tumor suppressor genes,

respectively. In this study, we explored the miR-95-3p targets

that may contribute to its inhibition of cell proliferation and

metastasis in CRC. Using TargetScan bioinformatics, we

identified the HDGF gene as a possible direct target of miR-95-

3p. HDGF, a heparin-binding growth factor, was originally

https://doi.org/10.1016/j.bj.2019.03.006
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purified from conditioned culturemedium from the hepatoma

HuH7 cell line [24]. The HDGF gene is located on chromosome

1, region q21-q23 [25]. Previous studies have demonstrated

that the knockdown of HDGF decreased neoplastic trans-

formation and proliferation [25e27]. It has been confirmed

that HDGF is involved in the regulation of cell apoptosis,

angiogenesis, invasion and metastasis [28]. A number of

studies have demonstrated that HDGF is upregulated in

various types of human tumors, including gastric cancer, he-

patocellular carcinoma, pancreatic cancer and esophageal

carcinoma and that HDGF is associated with poor prognosis

[29e32]. HDGF was also found to be upregulated and corre-

lated with poor prognosis in cervical adenocarcinoma [33].

HDGF has been identified to be regulated by multiple miRNAs

in many types of cancer. For example, in lung cancer, miR-16

and miR-497 negatively regulated HDGF expression to inhibit

cell proliferation, invasion and angiogenesis [29,34]. In gastric

cancer, miR-141 suppressed cell proliferation, migration and

invasion by directly targeting HDGF [35]. In this study, we

performed a luciferase reporter assay, qRT-PCR and Western

blotting to verify that miR-95-3p can directly target HDGF by

interacting with its 30UTR. To determine whether miR-95-3p

regulates CRC cells biological behavior by HDGF, rescue ex-

periments were performed. From the results we found that

the effects of miR-95-3p inhibiting CRC proliferation and

metastasis were rescued by increased expression of HDGF.

Thus, themiR-95-3p-HDGF regulationmechanism onCRCwas

established. To the best of our knowledge, our study is the first

to report that miR-95-3p acts as a tumor suppressor in CRC. In

addition, we observed that miR-95-3p expression was nega-

tively correlated with HDGF transcription in CRC. This finding

implies that miR-95-3p might act as a tumor suppressor or

play a similar role by decreasing HDGF expression. Our results

indicate that the miR-95-3p/HDGF axis might serve as a novel

therapeutic target in patients with CRC.
Conclusions

In summary, miR-95-3p expression is frequently decreased in

CRC tumor tissues and may serve as a prognostic bio-marker

in patients with CRC. The overexpression of miR-95-3p

inhibited CRC cell proliferation by directly suppressing the

expression of HDGF; this finding not only sheds new light on

CRC progression and metastasis but also provides a potential

target for cancer prevention and treatment.
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