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Abstract: Colorectal cancer (CRC) is a major worldwide health problem due to its high prevalence and mortality rate. 
microRNA has been reported playing an important role in a variety of cancers including colorectal cancer. miR-203a-
3p has been found up-regulated in CRC tissues compare with the adjacent normal tissues. But, how miR-203a-3p 
regulates CRC development remains to be elucidated. In this study, gain and loss-of-function assays showed that 
miR-203a-3p promotes colorectal cancer cell proliferation, colony formation and migration and invasion by targeting 
PDE4D. And miR-203a-3p/β-catenin/Cyclin D1/c-Myc signaling pathway is involved in the CRC. In summary, this 
study highlights an onco-miRNA role for miR-203a-3p by regulating PDE4D in CRC and suggests that miR-203a-3p 
may be a novel molecular therapeutic target for CRC.
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Introduction

Colorectal cancer (CRC) is one of the most com-
mon cancers and a leading cause of death 
worldwide. Most diagnoses of CRC occur in an 
advanced stage of the disease, leading to a 
poor prognosis [1, 2]. Uncover the molecular 
basis of individual susceptibility to colorectal 
cancer and determining the factors that initi- 
ate the development of the tumor, drive its pro-
gression are the most important tasks in the 
study of CRC [3].

MicroRNAs (miRNAs) are a large class of endog-
enous tiny regulatory RNAs 21-25 nucleotides 
in length that extensively regulate gene expres-
sion by binding to the 3’-untranslated region 
(UTR) of mRNAs [4, 5]. This imperfect base pair-
ing with specific sequences lead to the degra-
dation or translational inhibition of the corre-
sponding mRNAs [6, 7]. It has been reported 
that Many miRNAs playing an important role in 
the regulation of cancer cellular proliferation 
[8], differentiation [9], apoptosis [10], migration 
and invasion [11, 12] by a variety of pathways. 
MiRNAs may be potential biomarkers for the 
diagnosis and prognosis of tumors as well as 
their therapy [13].

miR-203a-3p has been reported playing an 
important role in a variety of cancers, such  
as hepatocellular carcinoma [14], esophageal 
cancer [15], bladder cancer [16] and nasopha-
ryngeal cancer [17]. In hepatocellular carcino-
ma, it promotes HCC cell proliferation and me- 
tastasis. In Barrett’s esophagus cells, up-regu-
lating miR-203a-3p can inhibit cell proliferation 
and induces G0/G1 cell cycle arrest. In bladder 
tumors, downregulation of miR-203a-3p was 
significantly linked to progression in non-mus-
cle invasive bladder tumors. In nasopharyngeal 
cancer, miR-203a-3p suppresses cell prolifera-
tion and metastasis. And There was a report 
that lncRNA HOTAIR could regulate the progres-
sion and chemoresistance of CRC via modulat-
ing the expression levels of miR-203a-3p [18].

miR-203a-3p has been found up-regulated in 
CRC tissues compare with the adjacent normal 
tissues [19]. miR-203a-3p is a member of the 
miR-203 family. In the present study, we have 
clarified demonstrated that miR-203a-3p pro-
moted proliferation, colony formation, apopto-
sis, invasion and migration by suppressing the 
expression of PDE4D in CRC. We further identi-
fied that the β-catenin signal pathway plays an 
important role in this process. miR-203a-3p 
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could potentially be utilized as a research and 
therapeutic target on proliferation and migra-
tion features in RCC. 

Materials and methods 

Meta-analysis of miRNA expression in CRC

We used an online database YM500 to analyze 
and compare the miRNA expression in colon 
cancer tissues and normal solid tissues. This 
database compared the miRNA expression pro-
files between 8 normal solid colon tissues and 
429 primary solid colon tumors [19]. We found 
miR-203a was significantly upregulated. 

Clinical samples and patient information

89 pairs of paraffin-embedded archived CRC 
and adjacent non-tumor colorectal mucosal tis-
sues (ANT) were collected from our Department 
between January 2000 and December 2013. 8 
pairs of fresh CRC and ANT were collected in 
2015. No patients had received chemotherapy 
and/or radiotherapy before operation. The his-
topathology of the disease was determined by 
two pathologists according to the criteria of the 
World Health Organization. For the research 
purposes, these clinical materials, prior patient 
consents and approval from the Institutional 
Research Ethics Committee were obtained. 

Cell lines

The human CRC cell lines SW480 and SW620 
were maintained in Leibovitz’s L-15 Medium 
(Invitrogen, Carlsbad, CA). HCT116 was grown 
in McCoy’s 5A, Medium (Invitrogen). LOVO and 
SW1116 were cultured in RPMI-1640 medium 
(Invitrogen). HT29 was maintained in Dulbec- 
co’s modified Eagle’s medium (Invitrogen). The 
human colonic epithelial cell line NCM460 was 
cultured in RPMI-1640 medium. All lines were 
purchased from Cell bank of Chinese Academy 
of Science (Shanghai, China) and authenticated 
by their karyotypes, and detailed gene expres-
sion in 2015. All media were supplemented 
with 10% (v/v) fetal bovine serum (Invitrogen), 1 
× antibiotic/antimycotic (100 units/mL strepto-
mycin, 100 units/mL, penicillin, and 0.25 mg/ 
ml amphotericin B). All cell lines were cultured 
in a humidified incubator at 37°C with 5% CO2.

Small interfering RNA (siRNA) sequences

The small interfering RNA (siRNA) specifically 
for PDE4D was chemically synthesized and 

purified from Ribbon Inc. (Guangzhou, China). 
The PDE4D siRNA sequences were: sense 
5’-GCAGGGTCAAACTGAGAAAdTdT-3’. The siRNA 
was transfected using Lipofectamine RNAiMAX 
transfection reagent (Invitrogen) according to 
the manufacturer’s instructions. Scrambled 
siRNA were used as the negative control gro- 
up. The human miR-203a-3p expression virus 
and miR-203a-3p-sponge virus was purchased 
from Hanheng (Shanghai, China).

miR-203a-3p overexpression and blocking 

miR-203a-3p over-expression and blocking we- 
re achieved by infecting CRC cells with miR-
203a-3p virus or miR-203a-3p-sp virus, respec-
tively. miR-203a-3p virus and miR-203a-3p-sp 
virus and negative control virus were purchas- 
ed from Han heng (Shanghai, China). SW480, 
HCT116 and SW1116 cells were seeded in 
6-well plates and infected with the virus on the 
following day when the cells were approximate-
ly 30% confluent to get the stable miR-203a-3p 
over-expression and blocking cell lines. All the 
miR-203a-3p over-expression and blocking re- 
lated experiments use these stable cell lines.

Cell proliferation assay

HCT116 and SW480 cells and stable miR-
203a-3p blocking cell lines (2 × 103) were plat-
ed onto 96-well plates with medium contain- 
ing 10% FBS and incubated overnight. After 
transfection with PDE4D-siRNA, cell prolifera-
tion was determined at 0, 24, 48, 72, and 96 h 
using the Cell Counting Kit-8 (CCK8) (Keygene, 
China). The absorbance (OD) was measured at 
a wavelength of 450 nm using a micro-plate 
Auto-reader (BioTek Instruments, USA). This ex- 
periment was performed in triplicate.

Analysis of apoptosis

5 × 105 cells were seeded in 6-well plates and 
incubated overnight until 50-60% confluence. 
The cells were transfected with 100 nM PD- 
E4D-siRNA and harvested at 48 h, washed in 
cold PBS, fixed with 80% ethanol for 8 h at 4°C, 
then stained with propidium iodide buffer (50 
mg/ml propidium iodide, 0.1% sodium citrate 
and 0.1% Triton X-100) for 3 h at 4°C. Scram- 
bled-siRNA was used as the control group. 2 × 
104 cells were analyzed for apoptosis using a 
Becton Dickinson FACScan (Becton Dickinson 
Immunocytometry Systems, San Jose, CA). The 
percentage of cells in each phase of the apop-



An onco-miRNA role for miR-203a-3p by regulating PDE4D in CRC

2389 Am J Cancer Res 2018;8(12):2387-2401

totic cells was quantified using Cell Quest soft-
ware. This experiment was performed in tripli- 
cate.

Colony formation assay

After 48 h transfection with PDE4D-siRNA, the 
cells at 2 × 102 per well were plated in 6-well 
plates and grown for 2 weeks, respectively. 
Then, the cells were washed twice with phos-
phate buffer saline (PBS), fixed with 4% para- 
formaldehyde and stained with 0.5% crystal 
violet for 15 min. The number of colonies in  
10 random view fields was counted under a 
microscope and the average number of colo-
nies was achieved. The experiment was tripli-
cated independently.

Transwell migration and Boyden invasion as-
says

Migration and invasion assays were carried out 
in Transwell chambers containing polycarbon-
ate filters (8 μm pore size; Corning Incorpora- 
ted, Life Sciences, NY, USA). After transfected 
with PDE4D-siRNA for 48 h, cells (migration/2 
× 104 cells; invasion/1 × 105 cells) in a 100 μl 
volume of serum free medium were placed in 
the upper chambers and incubated at 37°C 
with 5% CO2 for 18 hours, while a 500 μl vol-
ume of medium containing 10% FBS was added 
to the lower chamber as chemoattractant. Cells 
were allowed to invade through the matrigel 
(BD Biosciences) or migrate for 24 hours at 
37°C with 5% CO2. Following invasion or migra-
tion, cells were fixed with 4% formaldehyde  
and stained with 1% crystal violet. Cells on the 
upper surface of the filters were removed by 
wiping with a cotton swab. Cell counts were the 
mean number of cells per fields of view. Three 
independent experiments were performed and 
the data were presented as mean ± standard 
deviation (SD).

Quantitative real time PCR

Reverse transcription was performed using 
One step Prime Script miRNA and mRNA cDNA 
Synthesis Kit (Takara Biotechnology Co. Ltd, 
Dalian, China), and quantitative real-time PCR 
were performed using SYBR Premix Ex Taq II 
(Takara Biotechnology). RNAU6B snRNA and 
GAPDH was used for sample loading norma- 
lization. The specific forward primer of miR-
203a-3p was 5’-CCGGTGAAATGTTTAGGACCA- 

CTAG-3’. Reverse primer for miR-203a-3p was 
5’GCCGCGTGAAATGTTTAGG3’, U6B snRNA was 
Uni-miR qPCR primer (TakaRa code D350A). 
The primer sequences used for β-catenin were 
followed: forward: 5’-TTG AAAATCCAGCGTGGA- 
CA-3’; reverse: 5’-TCGAGTCATTGCATACTGTC-3’. 
The primer sequences used for PDE4D were 
followed: forward: 5’-GGGCGCTCCAAGAAGTA- 
AAG-3’; reverse: 5’-AAGGGAGGTGCTGGTTAA- 
GG-3’. The quantity of miR-203a-3p in each 
CRC tissue relative to its paired ANT was calcu-
lated using the equation [RQ = 2-ΔΔCT, ΔΔCT = 
(CTmiRNA-CTU6) T - (CTmiRNA-CTU6) N]. The 
expression level of miR-203a-3p was classified 
into low expression and high expression group 
compared with RQ ratio = RQ (CRC)/RQ (ANT). 
The geometric mean of housekeeping gene 
GAPDH was used to normalize the variability in 
mRNA expression levels. All experiments were 
performed in triplicate.

Western blot analysis

Protein isolation and western blot lysis buffer 
(Beyotime, Shanghai, China) with freshly added 
PMSF (Beyotime, Shanghai, China) was used to 
isolate the protein from cells or tissues. Pro- 
teins were separated by SDS-PAGE (Bio-Rad). 
Antibodies against PDE4D, E-cadherin, and 
GAPDH were purchased from Santa Cruz Bio- 
technology ((sc-365349, sc-40, sc-130545 
and sc-25778) respectively; Santa Cruz, CA, 
USA).

Luciferase reporter assay

The wild-type 3’-UTR sequence of PDE4D pre-
dicted to interact with miR-203a-3p or a mutat-
ed sequence within the target sites was synthe-
sized and inserted into psiCHECK2 vector.

Cells were seeded in 48-well plates and cul-
tured for 48 h. The psiCHECK2-PDE4D-3’-UTR-
wt or psiCHECK2-PDE4D-3’-UTR-mut plasmid 
was co-transfected into HCT116 and SW480 
with the miR-203a-3p mimics, mimics control 
using lipofectamine 2000 reagent (Invitrogen), 
respectively. Firefly luciferase and Renilla lucif-
erase activities were evaluated 48 h post tra- 
nsfection using the Dual Luciferase Reporter 
Assay Kit (keygentec) according to the manu-
facturer’s instructions. All experiments were 
performed independently in triplicate.
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Statistical analyses

Groups from cell culture experiments were 
compared using an unpaired, two-tailed Stu- 
dent’s tests and results were presented as 
mean ± SD. For CCK8 assay, comparisons were 
made by univariate variance analysis (two-way 
ANOVA). Statistical analyses were performed 
using the SPSS 16.0 statistical software. P < 
0.05 was considered to be statistically signifi- 
cant.

Results

miR-203a-3p was up-regulated in most of the 
CRC tissues and cells

We examined the expression of miR-203a-3p in 
human CRC tissues, we found that miR-203a-
3p levels were significantly increased in the 89 
pairs of Paraffin CRC tissues compared with 
their matched adjacent normal tissues (Figure 
1A). And high miR-203a-3p expression was 
found in 5 of 8 CRC fresh tissues compared 
with adjacent non-tumor tissues (Figure 1B). 
High miR-203a-3p expression was found in 4 of 
6 CRC cell lines including HCT116, HT29, Lovo 
and SW1116 cell lines compared with human 
colonic epithelial cell line NCM460 (Figure 1C).

Over-expression of miR-203a-3p increases 
CRC cell proliferation, colony formation and 
inhibits cell apoptosis

To determine whether miR-203a-3p over-expre- 
ssion modulates CRC tumorigenesis, CRC cell 
lines SW480 and SW1116 were transduced 
with recombinant lentivirus carrying the miR-
203a-3p gene (Figure 2A) and over-expression 
confirmed via qRT-PCR (Figure 2B). As evident 
from the CCK8 assay, miR-203a-3p over-expre- 
ssion induced CRC cell viability (Figure 2C). The 
promote effect of miR-203a-3p on CRC cell pro-
liferation was further confirmed using the colo-
ny formation assay. The number of colonies 
was significantly increased in cells over-expre- 
ssing miR-203a-3p, compared with the nega-
tive control group (Figure 2D). The flow cytom-
etry assay was further employed to measure 
apoptosis. Apoptotic rate was significantly de- 
creased upon over-expression of miR-203a-3p 
in the CRC cells (Figure 2E). Our data strongly 
suggest that miR-203a-3p exerts growth pro-
motion effects on CRC.

Figure 1. miR-203a-3p expression in CRC tissues 
and cell lines. A. miR-203a-3p expression level in 89 
paired of Paraffin CRC tissues (tumor) and adjacent 
non-tumor colorectal mucosa tissues (normal) by 
quantitative real-time PCR analysis. B. miR-203a-3p 
expression level in 8 paired of fresh CRC samples 
(T) and adjacent non-tumor colorectal mucosa tis-
sues (N). C. miR-203a-3p expression level in CRC cell 
lines. Data were normalized to the miR-203a-3p ex-
pression level in NCM460 cells. qPCR data represent 
mean ± SD of three independent experiments. *P < 
0.05; **P < 0.01; ***P < 0.001.
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The silence of miR-203a-3p by sponges signifi-
cantly reduces CRC cell viability and prolifera-
tion, promotes CRC cell apoptosis

To determine whether silence of miR-203a-3p 
could modulates CRC tumorigenesis, we use 
MiR-203a-3p sponges. MiR-203a-3p sponges 
can bind to sites in the 3’ untranslated region 
(UTR) of mRNA to derepress microRNA targets 
at least as strongly as chemically modified anti-
sense oligo nucleotides (MicroRNA sponges: 
competitive inhibitors of small RNAs in mam-
malian cells). CRC cell lines HCT116 and SW- 

1116 were infected with recombinant lentivirus 
carrying the miR-203a-3p-sp gene (Figure 3A) 
and the effects on expression of miR-203a-3p 
were confirmed via qRT-PCR (Figure 3B). As evi-
dent from the CCK8 assay, silence of endoge-
nous miR-203a-3p decreases CRC cell viability 
(Figure 3C). The inhibit effect of miR-203a-3p-
sp on CRC cell proliferation was further con-
firmed using the colony formation assay. The 
number of colonies was significantly decreas- 
ed in cells silence of endogenous miR-203a- 
3p, compared with the negative control group 
(Figure 3D). The flow cytometry assay was fur-

Figure 2. miR-203a-3p promoted the 
CRC cell proliferation and colony forma-
tion, inhibited apoptosis. (A, B) SW480 
and SW1116 cells were infected with 
miR-203a-3p or negative control lenti-
virus and Quantitative RT-PCR used to 
determine miR-203a-3p expression. (C, 
D) miR-203a-3p significantly promoted 
cell proliferation (C) and colony forma-
tion (D) in SW480 and SW1116 cells. 
(E) miR-203a-3p significantly reduced 
cell apoptosis in SW480 and SW1116 
cells. Each assay was repeated three 
times. The data represent means ± SD 
of three independent experiments. *P < 
0.05; **P < 0.01; ***P < 0.001.
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Figure 3. Silence of miR-
203a-3p by sponges sig-
nificantly reduced CRC cell 
proliferation and colony for-
mation, promoted apoptosis. 
(A, B) HCT116 and SW1116 
cells were infected with miR-
203a-3p-sp or negative con- 
trol lenti-virus and Quantita-
tive RT-PCR used to deter-
mine miR-203a-3p expres-
sion. (C, D) miR-203a-3p-sp 
significantly reduced cell pro-
liferation (C) and clone for-
mation (D) in HCT116 and 
SW1116 cells. (E) miR-203a-
3p-sp significantly promoted 
cell apoptosis in HCT116 and 
SW1116 cells. Each assay 
was repeated three times. 
The data represent means ± 
SD of three independent ex-
periments. *P < 0.05; **P < 
0.01; ***P < 0.001.

ther employed to measure apoptosis. Apoptotic 
rate was significantly increased upon silence of 

endogenous miR-203a-3p in the CRC cells 
(Figure 3E).
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Alterations in miR-203a-3p expression 
influence the migration and invasion of CRC 
cells

We found that over-expression of miR-203a-3p 
in SW480 and SW1116 cells significantly incre- 

levels in HCT116 and SW1116 cells (Figure 
5C).

To ascertain whether PDE4D is regulated via 
direct binding of miR-203a-3p to its 3’-UTR 
region, we did Luciferase Reporter Assay. The 

Figure 4. Effects of miR-203a-3p on CRC cells in migration and invasion. A. 
Over-expression of miR-203a-3p significantly promoted cell migration and 
invasion in SW480 and SW1116 cells. B. The Silence of miR-203a-3p sig-
nificantly inhibited cell migration and invasion in HCT116 and SW1116 cells. 
Each assay was repeated three times. The data represent means ± SD of 
three independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001.

ased cell migration and invas- 
ion ability compared with con-
trol cells (Figure 4A). Silen- 
ce of endogenous miR-203a-
3p decreased cell migration 
and invasion ability compar- 
ed with control cells (Figure 
4B). These results suggest 
that miR-203a-3p can pro-
mote cell migration and inva-
sion in CRC cells.

PDE4D is a direct target of 
miR-203a-3p

To investigate the mechanism 
by which miR-203a-3p exerts 
promote effects on CRC cells, 
we searched for target ge- 
nes using Pictar, miRDB and 
TargetScan databases. These 
databases revealed that PD- 
E4D was a potential target of 
miR-203a-3p. 

To determine whether miR-
203a-3p regulates PDE4D ex- 
pression in CRC cancer cells, 
we evaluated the expression 
of PDE4D in CRC fresh tissu- 
es, CRC cancer cell lines and 
CRC cell lines with miR-203a-
3p overexpression or silence 
of endogenous miR-203a-3p 
by sponges. An inverse corre-
lation between miR-203a-3p 
and PDE4D expression was 
observed in these CRC tis-
sues and cell lines (Figure 
5A). Overexpression of miR-
203a-3p significantly sup-
pressed PDE4D at both the 
mRNA and protein levels in 
SW480 and SW1116 cells 
(Figure 5B). Silence of endo- 
genous miR-203a-3p signifi-
cantly increased PDE4D at 
both the mRNA and protein 
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3’-UTR of PDE4D mRNA contains 7 complemen- 
tary sites in the seed region of miR-203a-3p 
(Figure 5D). Compared with the control group, 
luciferase activity was significantly suppress- 
ed in psiCHECK2-PDE4D-3’-UTR-wt transfect- 
ed but not psiCHECK2-PDE4D-3’-UTR-mut tra- 
nsfected cells (Figure 5E). The results indicate 
that miR-203a-3p binds directly to PDE4D 3’- 
UTR to repress its expression.

The PDE4D mRNA is down-regulated in 
colorectal tumors and PDE4D lower expres-
sion group had a poorer overall survival rate

Down-regulation of PDE4D was found in 11 of 
20 cancer types, especially cancers of diges-
tive system, such as colorectal cancer and  
gastric cancer, through oncomine data-mining 
analysis (Figure 6A). In kaiser’s dataset, we 
found that level of PDE4D mRNA was signifi-
cantly decreased from colon tissues to colorec-
tal tumors with probe (204491_at) (Figure 6B). 
The expression level of PDE4D mRNA was sig-
nificantly decreased from colon, rectum to co- 
lorectal tumors in probe (A_24_P419353) in 
TCGA dataset. And we found that PDE4D lower 
expression group had a poorer overall survival 
rate (P < 0.05) in COAD (Colon adenocarcino-
ma) and READ (Rectum adenocarcinoma) data-
sets on gepia.cancer websites (Figure 6C). 

Alterations in PDE4D expression influence the 
effects of miR-203a -3p on CRC cells

We knocked down PDE4D in HCT116 and SW- 
1116 cells and HCT116 and SW1116 miR-

203a-3p-sp cells using specific siRNAs (Figure 
7A). Functional assays disclosed that knockdo- 
wn of PDE4D increases HCT116 and SW1116 
cell proliferation (Figure 7B) colony formation 
(Figure 7C), migration and invasion (Figure 7D) 
and significantly inhibited cell apoptosis (Figure 
7E). These effects were similar to the effects of 
over-expression of miR-203a-3p. PDE4D knock-
down reversed these effects induced by silence 
of miR-203a-3p. All the results above provided 
further evidence of the PDE4D as a downstre- 
am mediator of miR-203a-3p.

MiR-203a-3p/β-catenin/c-Myc/cyclin D1 sig-
naling pathway is involved in CRC

The protein expression levels of of β-catenin, 
c-Myc and Cyclin D1 were increased after over-
expression of miR-203a-3p and the result was 
similar with suppresse the expression of PDE4D 
in SW480 and SW1116 cells (Figure 8A). After 
silence of endogenous miR-203a-3p in HCT116 
and SW1116 cells, the protein expression lev-
els of of β-catenin, c-Myc and Cyclin D1 were 
decreased. And knock down of PDE4D can res-
cue this Phenotype (Figure 8B). Together, these 
results demonstrated that miR-203a-3p sup-
pressed the expression of PDE4D, thus induc-
ing Wnt/β-catenin signaling activation and CRC 
cell proliferation and migration. 

Discussion

In this study, we used an online database 
YM500 to analyze and compare the miRNA 
expression profiles between 429 primary solid 

Figure 5. Identification of PDE4D as a miR-203a-3p target. A. Quantitative RT-PCR analysis of PDE4D expression 
levels in the same 8 pairs of CRC and normal tissue samples and in the same CRC cell lines. B. Over-expression of 
miR-203a-3p significantly suppressed PDE4D at both the mRNA and protein levels in SW480 and SW1116 cells. C. 
Silence of endogenous miR-203a-3p significantly increased PDE4D at both the mRNA and protein levels in HCT116 
and SW1116 cells. D. Binding sites of miR-203a-3p at the 3’-UTR of PDE4D mRNA. E. PDE4D is a target gene of 
miR-203a-3p in HCT116 and SW480 cells based on the luciferase reporter assay. Each assay was repeated three 
times. The data represent means ± SD of three independent experiments. *P < 0.05; **P < 0.01; ***P < 0.001.
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colon tumors and 8 normal solid colon tissues. 
MiR-203a was significantly up-regulated in the 
primary solid colon tumors compare to the nor-
mal solid colon tissues. And then we detected 
the expression of miR-203a-3p in 89 pairs of 
clinical primary solid colorectal tumors Paraffin 
tissues, 8 pairs of clinical primary solid colorec-
tal fresh tissues. The results showed that miR-
203a-3p is up-regulated in CRC tissue sam- 
ples.

There were multiple evidences that demonstr- 
ated the expression of miR-203a-3p was incre- 
ased in many kinds of cancers, but how miR-
203a-3p regulates CRC development remains 
to be elucidated. We found that miR-203a-3p 

promotes colorectal cancer proliferation, colo-
ny formation, migration and invasion. Micro- 
RNAs can regulate gene expression by binding 
to the 3’-untranslated regions (3’-UTR) of tar- 
get genes for translational repression or degra-
dation. Based on sequence complementarity, 
plus by using miRNA target prediction software, 
we inferred that PDE4D was the target of miR-
203a-3p. And Luciferase Reporter Assay fur-
ther confirmed that MiR-203a-3p binds directly 
to the 3’-UTR of PDE4D. In order to investigate 
the roles of miR-203a-3p and PDE4D in the 
development of CRC, we did gain and loss-of-
function assays. The results showed that miR-
203a-3p promoted colorectal cancer prolifera-
tion, colony formation and migration and inva-

Figure 6. The PDE4D mRNA is down-regulated in colorectal 
cancer compared with colon as revealed by oncomine data-
mining analysis and PDE4D lower expression group had a 
poorer overall survival rate. A. Down-regulation of PDE4D 
was found in 11 of 20 cancer types. B. Level of PDE4D mRNA 
was significantly decreased from colon to CRC with probe 
(204491_at) in the kaiser’s dataset. C. The expression level of 
PDE4D mRNA was significantly decreased from colon, rectum 
to CRC in probe (A_24_P419353) in TCGA dataset. D. PDE4D 
lower expression group had a poorer overall survival rate (P 
< 0.05) in COAD (Colon adenocarcinoma) and READ (Rectum 
adenocarcinoma) datasets on gepia.cancer websites.
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sion by targeting PDE4D, which was consistent 
with previous studies in hepatocellular carcino-
ma of miR-203a-3p [14]. We also found that 
PDE4D knockdown induced the same pheno-
type as miR-203a-3p over-expression, which 
were consistent with the negative regulation of 
miR-203a-3p on PDE4D.

Phosphodiesterase 4D (PDE4D) is a subtype  
of metallohydrolases. PDE4D gene has many 
variants attributed to alternative splicing and 
the use of multiple promoters. PDE4D enzyme 
degrades cAMP. The distribution pattern of PD- 
E4D variants varies within both cells and tis-
sues [20]. There is one paper said that Expre- 
ssion of PDE4D isoforms is consistently altered 
in primary human prostate cancer compared to 
benign tissue, with PDE4D7 being up-regulated 
while PDE4D5 and PDE4D9 are down-regulat-
ed. Disease progression is marked by an over-
all down-regulation of long PDE4D isoforms, 

while short isoforms (PDE4D1/2) appear to be 
relatively unaffected [21]. It has been reported 
that PDE4D functions as a proliferation promot-
ing factor in some types of tumors, including 
prostate cancer [22], lung cancer [23], naso-
pharyngeal carcinoma [24] and medulloblasto-
ma [25]. In our study, an inverse correlation be- 
tween micoRNA-203a-3p and PDE4D expres-
sion was observed in CRC tissues and cell lin- 
es. And the PDE4D mRNA is down-regulated in 
colorectal cancer compared with normal colon 
as revealed by oncomine data-mining analysis 
(Figure 6B and 6C) and PDE4D lower expres-
sion group had a poorer overall survival rate (P 
< 0.05) on gepia.cancer websites (Figure 6D). 
micoRNA-203a-3p promotes colorectal cancer 
proliferation and migration by targeting PDE4D. 
Maybe our data showed the long PDE4D iso-
forms altered in primary human colorectal can-
cer compared to benign tissue. Since microR-
NAs often have more than one target, future 

Figure 7. miR-203a-3p promoted CRC cell proliferation, colony formation and inhibited apoptosis by targeting PD-
E4D. (A) HCT116 and SW1116 cells were transfected with PDE4D siRNA or negative control. After 48 h, the PDE4D 
protein level was examined via western blot analysis. (B-E) knockdown of PDE4D increased HCT116 and SW1116 
cell proliferation (B), colony formation (C), migration and invasion (D) and significantly inhibited cell apoptosis (E). In 
addition, PDE4D knockdown reversed of these functions induced by the silence of miR-203a-3p. Each assay was 
repeated three times. The data represent means ± SD of three independent experiments. *P < 0.05; **P < 0.01; 
***P < 0.001. 
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studies could explore if micoRNA-203a-3p reg-
ulates the production of other cancer-related 
proteins as well.

Growing evidences have focused on the role of 
miR-203a-3p in cancer progression, but the 
results were not consistent. In hepatocellular 
carcinoma, miR-203a-3p.1 acted as an onco-
miRNA by targeting IL-24. Inhibition of miR-
203a-3p.1 in cells could lead to the reversal of 
HCC cell proliferation and metastasis.

In Barrett’s esophageal cancer, Omeprazole 
Inhibits Cell Proliferation and Induces G0/G1 
Cell Cycle Arrest through Up-regulating miR-
203a-3p Expression. In nasopharyngeal carci-
noma, miR-203a-3p suppresses cell prolifera-
tion and metastasis through inhibiting LASP1.

Xiao et al. have reported both HOTAIR knock-
down and miR-203a-3p overexpression in CRC 
cell lines led to inhibit cell proliferation [18]. 
They studied them in Colo205 and SW620 
cells. Our results suggested that miR-203a-3p 
was an onco-miR in colorectal cancer. We found 

different tumor sites and status. The mecha-
nism of this is complicated.
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