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Abstract: Colon cancer is one of the most common malignancies worldwide, while the molecular mechanism re-
mains largely unknown. miR-223-3p plays an important role in cancer development. Here, we found that miR-223-
3p was up-regulated in 30 cases of colon cancer tissues as compared with their adjacent normal tissues. Lentivirus-
mediated miR-223-3p over-expression promoted the proliferation, colony formation, migration and invasion of co-
lon cancer cells. Inverse results were observed in miR-223-3p knockdown cells. Epithelial-mesenchymal transition
(EMT) was regulated by miR-223-3p. In addition, cell apoptosis was suppressed and enhanced by miR-223-3p
over-expression and knockdown, respectively. We further identified PRDM1, a tumor suppressor, was the target of
miR-223-3p using microarray and luciferase assay. Our findings suggested that miR-223-3p acts as an oncogenic
microRNA in colon cancer through regulating EMT and PRDM1.
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Introduction

Colon cancer is the third most frequent malig-
nant tumor and the fourth leading cause of
cancer-related death throughout the world [1,
2]. The surgery followed by adjuvant therapy is
the prior treatment option for colon cancer
patients, whereas only a small percentage of
the patients benefit [3]. Most of the patients
relapse and finally die with a more malignant
disease stage. For the past decades, efforts
are made to investigate the pathological and
molecular process of colon cancer, and some
oncogenes and tumor suppressors are found to
play important roles in the development of
colon cancer [4, 5]. However, exploiting these
trigger genes as therapeutic targets for colon
cancer remains far from satisfactory in clinic.
There is still constant need to identify novel
molecular contributing to this disease.

MicroRNAs (miRNAs) are a class of endogen-
ous 16-24 nt non-coding RNAs, which negative-

ly regulate the expression of gene at the post-
transcriptional level via directly binding with
its mMRNA [6-8]. Numerous studies have shown
that miRNAs modulate cancer development by
serving as oncogenes or tumor suppressors
[9-11]. The expression and function of miRNAs
have also been reported in colon cancer. For
example, miRNA-143 suppresses colon cancer
cell growth through inhibiting glucose uptake
and glucose transporter 1 (GLUT1) expression
and glucose uptake [12]. miR-185 is down-reg-
ulated in colon cancer tissues and its over-
expression inhibits the colon cancer prolifera-
tion, growth, invasion and migration [13]. Re-
cently, the role of miR-223-3p in tumor growth
has been described. For example, miR-223-3p
expression is increased in ovarian cancer spe-
cimens. miR-223-3p over-expression promo-
tes the proliferation, migration, and invasion of
ovarian cancer cells [14]. Reversely, ectopic
expression of miR-223-3p could inhibit the in-
vasion, migration, growth, and proliferation in
osteosarcoma cells [15]. Therefore, the involve-
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ment of miR-223-3p in other cancers, including
colon cancer, should be determined. Here, we
aimed to investigate the role of miR-223-3p in
colon cancer development. Firstly, miR-223-3p
was up-regulated in colon cancer tissues. miR-
223-3p positively promoted the proliferation,
growth, invasion, migration and epithelial-mes-
enchymal transition (EMT) of colon cancer
cells. Furthermore, PRDM1 served as a direct
downstream target of miR-223-3p. Our results
suggest the oncogenic role of miR-223-3p in
colon cancer.

Material and methods
Clinical samples and TCGA database

The colon cancer and paired adjacent normal
tissues were collected from 30 cancer patients,
who enrolled in the First Hospital of Shanxi
Medical University during May 2016 to July
2017. All the patients were diagnosed by the
pathologists. The written informed consent was
obtained from each patient. All the procedures
were approved by the Ethics Committee of First
Hospital of Shanxi Medical University. miR-223-
3p expression was analyzed from 30 cases of
colon cancer and paired normal tissues, and
confirmed by the Cancer Genome Atlas (http://
cancergenome.nih.gov) database.

Cell culture

Human normal colon epithelial cells (NCM460)
and colon cancer cell lines (RKO, HCT116 and
SW620) were obtained from the American Type
Culture Collection (ATCC). These cells were cul-
tured in 1640 (Hyclone) or Dulbecco’s Modified
Eagle dedium (DMEM, Hyclone), which was sup-
plemented with 10% fetal bovine serum (FBS)
and 1% penicillin and streptomycin solution
(Corning). All the cells were maintained at 37°C
with 5% CO,,.

Total RNA extraction and quantitative PCR

The total RNA was extracted from the cells by
Trizol reagent (Invitrogen) or Ultrapure RNA Kit
(CWBIO), following the manufacturer’s instruc-
tions. 0.5 yg RNA was subjected to reversed-
transcriptional reaction using ReverTra Ace
gPCR RT Master Mix with gDNA Remover
(TOYOBO). Quantitative PCR reaction was con-
ducted on a Bio-rad 1Q5 machine using SYBR
gPCR master mixture (Transgen). The primer
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sequences were as following: PRDM1 forward,
5-TAAAGCAACCGAGCACTGAGA-3’, PRDM1 re-
verse, 5'-ACGGTAGAGGTCCTTTCCTTTG-3’; and
GAPDH forward, 5-TGACTTCAACAGCGACACC-
CA-3’, GAPDH reverse, 5'-CACCCTGTTGCTGTA-
GCCAAA-3. The relative expression was norm-
alized to GAPDH mRNA expression.

Western blot

The treated cell proteins were extracted using
lysis buffer (Beyotime) and measured using
BCA protein assay kit (Beyotime). Equal protein
was separated on a 12% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-
PAGE), followed by transferring to polyvinyli-
denefluoride membranes (PVDF). The mem-
branes were blocked with 5% skimmed milk at
room temperature for 60 minutes and incubat-
ed with primary antibodies at 4°C overnight.
Antibody against PRDM1 and GAPDH were
obtained from the Abcam and Abclone, re-
spectively.

Cell proliferation and growth assay

CCK assay was used to detect the viability of
colon cancer cells. Briefly, a total of 3000 miR-
NA-control and miR-223-3p over-expressed
RKO cells, miRNA-control and miR-223-3p
silenced HCT 116 cells were seeded in 96-well
plates. After 1, 2, 3, 4 and 5 days treatment,
the CCK reagent was added into each well and
maintained at 37°C for 3 hours. Then, the opti-
cal density (OD) value was determined by a
micro-plate reader at 450 nm.

For colony formation assay, equal HCT 116 or
RKO cells transfected with indicated lentivirus
were seeded 6-well plates and maintained at
37°C for 9 days. The colonies were washed and
fixed with methanol for 30 minutes. Then, the
colonies were stained with crystal violet solu-
tion for 20 minutes. The colonies were photo-
graphed and the number was calculated.

Cell invasion and migration assays

Transwell assay was used to detect the cell
migration. RKO or HCT 116 cells (5 * 10%/well)
were seeded into the upper chamber of a
24-well insert (8-um pore size; Corning). The
upper compartment contained serum-free
1640 medium and the lower chamber was filled
with 1640 medium with 10% FBS. After 48 h of
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Figure 1. miR-223-3p is elevated in colon cancer tissues and cells. A. Rela-
tive expression of miR-223-3p in the cancer and the paired adjacent normal
tissues of colon cancer patients. N = 30, P < 0.01 compared with paired ad-
jacent normal tissues. B. Relative expression of miR-223-3p in colon cancer
and adjacent normal tissues. ***P < 0.001 compared with adjacent normal
tissues. C. TCGA database showed that miR-223-3p was elevated in colon
adenocarcinoma (COAD, n = 450) compared with normal tissues (n = 8). P
= 9.9E-6 compared with adjacent normal tissues. D. Relative miR-223-3p
expression in normal colon epithelial cells (NCM460) and colon cancer cell

miR-223-3p

Adjacent tissues Colon Cancer

processing to determine gene
expression profile according
to the manufacturer’'s instr-
- uctions. Significantly differe-
nt genes between mMiRNA-
control and miR-223-3p over-
expressed RKO cells were
identified depending on the
following criteria: P < 0.05
and the absolute fold change
> 1.5.

miR-223-3p

Luciferase reporter assay

We constructed plasmid vec-
tors containing the 3’UTR of
PRDM1 with either a wild-
type (WT) or a mutant (MUT)
version of the predicted tar-
getsite. Theregionswereamp-
lified and cloned into the psi-
Check2 dual-luciferase mi-
RNA vector (Promega). Then,
the miR-223-3p mimics and
psiCheck?2 vector/psiCheck2-
PRDM1-WT/MUT were co-tr-
ansfected into RKO cells. The
dual-luciferase reporter ass-
ay kit (Promega) was used to
detect the luciferase activi-
ty at 48 hours after transfe-
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lines (RKO, HCT116, SW620). *P < 0.05 and **P < 0.01 compared with ction.

NCM460 cells.

incubation, RKO or HCT 116 cells invaded into
the lower surface of the insert were fixed with
methanol, stained by crystal violet solution and
counted under a light microscope.

Wound-healing assay was used to measure the
cell migration. RKO or HCT 116 cells were seed-
ed and cultured in the 6-cm plates. When the
cells reached to 90% confluence, the wound at
the middle of the plates was produced using
the pipette tip. The wound was photographed
and measured at O h and 24 h.

Microarray

Total RNA from RKO cells was extracted using
Trizol reagent (Invitrogen). NanoDrop 2000 and
Agilent Bio analyzer 2100 were used to detect
the RNA quantity and quality. Affymetrix human
GeneChip primeview was used for microarray
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Statistical analysis

GraphPad prism software was applied for sta-
tistical analysis. Difference between two groups
was analyzed by un-paired students’t tests.
One-way ANOVA was used for analyzing the dif-
ference when more than two groups. P value of
less than 0.05 was considered statistical
significance.

Results

miR-223-3p is elevated in colon cancer tissues
and cells

We firstly investigated the significance of miR-
223-3p in colon cancer. The expression of miR-
223-3p was increased in colon cancer tissues
as compared with their adjacent tissues (Figure
1A, 1B). Consistently, TCGA database shown
that miR-223-3p expression was higher in
colon adenocarcinoma tissues than that of in
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Figure 2. miR-223-3p promotes the proliferation and growth of colon cancer
cells. (A and B) Negative control (NC) or miR-223-3p over-expressed RKO
cells were subjected to qRT-PCR analysis of miR-223-3p expression (A) and
CCK analysis of cell viability (B). *P < 0.05 and ***P < 0.001 compared
with NC group. (C) Negative control (NC) or miR-223-3p silenced (Inhibitor)
HCT 116 cells were subjected to CCK analysis of cell viability (C). *P < 0.05
and **P < 0.01 compared with NC group. (D and E) Colony formation analy-
sis of NC or miR-223-3p over-expressed RKO cells. Representative images
(D) and quantification (E) of colonies. **P < 0.01 compared with NC group.
(F) Cells described in (A) were subjected to apoptosis measurement. **P
< 0.01 compared with NC group. (G and H) Colony formation analysis of
NC or miR-223-3p silenced HCT 116 cells. (G) Representative images (G)
and quantification (H) of colonies. **P < 0.01 compared with NC group.
() Cells described in (C) were subjected to apoptosis measurement. **P <
0.01 compared with NC group.

gRT-PCR analysis shown th-
at miR-223-3p was efficiently
over-expressed in RKO cells
(Figure 2A). CCK assay indi-
cated that miR-223-3p incr-
eased the proliferation of RKO
cells since day 4 (Figure 2B).
By contrast, silencing of miR-
223-3p reduced the viability
of HCT 116 cells (Figure 2C).
Then, these cells were sub-
jected to colony formation and
apoptosis analysis. We found
that miR-223-3p ectopic expr-
ession promoted the colony
growth of RKO cells, while miR-
223-3p silencing suppressed
the colony formation of HCT
116 cells (Figure 2D-H). Apop-
tosis was inhibited by miR-
223-3p over-express in RKO
cells (Figure 2F). Inversely,
miR-223-3p knockdown indu-
ced the apoptosis of HCT 116
cells (Figure 2I).

miR-223-3p increases the in-
vasion and migration of colon
cancer cells

To investigate the function of
miR-223-3p in colon cancer
on cell migration and invasi-
on, miR-223-3p over-express-
ed RKO and silenced HCT 116
cells were subjected to wound-
healing and transwell assays.
We found that miR-223-3p
over-expression promoted the

normal tissues (Figure 1C). Furthermore, miR-
223-3p was also high expression in colon can-
cer cell lines (RKO, HCT 116 and SW620), com-
pared with the normal colon epithelial cells
(Figure 1D). These results suggested that miR-
223-3p was significantly elevated in colon can-
cer specimens and cell lines.

miR-223-3p enhances the proliferation and
reduces the apoptosis in colon cancer cells

To explore the role of miR-223-3p in colon can-
cer, using lentivirus transfection, we generated
the miR-223-3p over-expressed and knocked
down in RKO and HCT 116 cells, respectively.
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migration of RKO cells, while inverse results
were observed in miR-223-3p knockdown HCT
116 cells (Figure 3A-D). Similarly, miR-223-3p
ectopic expression increased the invasiveness
capability of RKO cells (Figure 3E, 3F). By con-
trast, miR-223-3p silencing reduced the inva-
sion in HCT 116 cells (Figure 3G, 3H). qRT-PCR
and Western blot results shown that miR-223-
3p over-expression markedly up-regulated the
mesenchymal marker, N-cadherin, and down-
regulated the epithelial marker E-cadherin in
RKO cells (Figure 3l, 3J), while its knockdown
caused an opposite effect in HCT 116 cells
(Figure 3K, 3L). Taken together, miR-223-3p
promoted the epithelial-mesenchymal transi-
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Figure 3. miR-223-3p increases the invasion and migration capacity of colon cancer cells. (A and B) The migra-
tion of negative control (NC) or miR-223-3p over-expressed RKO cells was determined by wound-healing assay. (A)
Representative wound-healing images. (B) Migration rate. ***P < 0.001 compared with NC group. (C and D) The
migration of negative control (NC) or miR-223-3p silenced HCT 116 cells was determined by wound-healing assay.
(C) Representative wound-healing images. (D) Migration rate. ***P < 0.001 compared with NC group. (E and F)
Transwell assay was used to analyze the invasion of RKO cells described in (A). (E) Representative transwell images.
(F) Invasion rate. ***P < 0.001 compared with NC group. (G and H) Transwell assay was used to analyze the inva-
sion of HCT 116 cells described in (C). (G) Representative transwell images. (H) Invasion rate. **P < 0.01 compared
with NC group. (I and J) gRT-PCR (I) and Western blot (J) analysis of N-Cadherin and E-Cadherin in NC and miR-223-
3p over-expressed RKO cells. **P < 0.01 and ***P < 0.001 compared with NC group. (K and L) gRT-PCR (K) and
Western blot (L) analysis of N-Cadherin and E-Cadherin in NC and miR-223-3p silenced HCT 116 cells. **P < 0.01
compared with NC group.

tion (EMT), migration and invasion of colon can- genes (Figure 4A). To explore the miR-223-3p
cer cells. targeted downstream genes, we queried the

TargetScan, microRNA.ORG and miRDB data-
PRDM1 is a direct target for miR-223-3p bases. Hundreds of genes were potentially reg-

ulated by miR-223-3p (Figure 4B). Since miR-
Above results shown that miR-223-3p was criti- 223-3p served as an oncogenic microRNA, we
cal for the growth and invasion of human colon focused on tumor suppressors among the ov-
cancer cells. Then, RKO cells infected with len- erlap 99 predicted downstream targets. We
tivirus expressing control or miR-223-3p were found a putative binding sites of miR-223-3p in
subjected to microarray assay for the global dif- the 3'UTR of PRDM1 (Figure 4C). Western blot
ferential gene expression. We identified 588 result demonstrated that PRDM1 was negati-
differentially expressed genes, including 330 vely regulated by miR-223-3p (Figure 4D). Co-
up-regulated genes and 258 down-regulated transfection with miR-223-3p and wild-type
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Figure 4. miR-223-3p directly binds to the 3’UTR region of PRDM1. A. Heat-
map showed the differentially expressed genes in RKO cells with and without
miR-223-3p overexpression. (Criteria: P < 0.05, absolute fold change > 1.5).
B. The diagram of miR-223-3p predicted targets based on the microRNA.
ORG, TargetScan and miRDB algorithms. C. The putative binding sites for
miR-223-3p in the 3’UTR of PRDM1 mRNA. D. Western blot result of PRDM1
in NC and miR-223-3p over-expressed RKO and HCT 116 cells. E. Relative lu-
ciferase activity in HCT-116 cells co-transfected with negative control (NC) or
miR-223-3p mimic and psiCheck?2 vector/psiCheck2-PRDM1-WT/MUT. **P
< 0.01 and ns (no significance) compared with NC group. F. TCGA analysis
of PRDM1 mRNA expression in colon adenocarcinoma (COAD) and normal
tissues. P = 0.00022 compared with normal group. G. qRT-PCR analysis of
PRDM1 expression in colon cancer and adjacent normal tissues. P < 0.01
compared with adjacent tissues.

(WT) PRDM1 significantly suppressed the lucif-
erase activity, while miR-223-3p inhibitors and
mutant (MUT) PRDM1 co-transfection had mar-
ginal effect on luciferase activity (Figure 4E),
suggesting that miR-223-3p directly targeted
PRDM1. TCGA database shown that PRDM1
was down-regulated in colon adenocarcinoma
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tissues (Figure 4F). qRT-PCR
analysis confirmed that PR-
DM1 expression was also re-
duced in colon cancer tissues
comparing with the adjacent
normal tissues (Figure 4G).
These results indicated that
PRDM1 was a direct target for
miR-223-3p in colon cancer.

Discussion

For the past decades, the pr-
ognostic value and precise
function of miRNAs have been
widely investigated in colon
cancer progression, either by
acting as oncogenes or tumor
suppressors [16-20]. In this
study, we observed that miR-
223-3p was elevated in colon
cancer tissues and cells. miR-
223-3p ectopic expression pr-
omoted the proliferation, gr-
owth, invasion and migration
and EMT, while inverse results
were observed in miR-223-3p
knockdown HCT 116 cells. Ce-
Il apoptosis was negatively re-
gulated by miR-223-3p in col-
on cancer cells.

Increasing of studies have re-
ported the up-regulation of
miR-223 in cancer tissues
compared with their normal
tissues, including gastric ca-
ncer [21], breast cancer [22],
lung cancer [23], and pan-
creatic cancer [24]. Likewise,
miR-223-3p expression is in-
creased in ovarian cancer tis-
sues and promotes the proli-
feration, migration, and invasi-
on of ovarian cancer cells [14].
However, miR-223-3p was al-
so found down-regulated and

negatively regulated cell proliferation and mi-
gration in osteosarcoma and glioblastoma [15,
25]. Nevertheless, the involvement of miR-223-
3p in colon cancer remains unknown. In the
present study, we shown that miR-223-3p was
significantly up-regulated in cancer tissues as
compared with the adjacent normal tissues in
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30 pairs of the patients. TCGA database was
consistent with the results. Comparing with the
normal colon epithelial cells, miR-223-3p abun-
dance was increased in colon cancer cell lines
RKO, HCT 116 and SW620. Based on lentivirus-
mediated over-expression and knockdown, we
demonstrated that miR-223-3p activated the
proliferation, growth and EMT, but suppressed
apoptosis of colon cancer cells. Therefore, we
suggested that miR-223-3p served as an onco-
genic microRNA in colon cancer.

PRDM1, also known as “B lymphocyte-induced
maturation protein” (Blimp-1), is a zinc finger
protein that regulates the transcription of down-
stream genes [26]. Recently, PRDM1 has been
identified as a tumor suppressor in various can-
cers [27]. Inactivation of PRDM1 is involved in
the poor prognosis of the patients with activat-
ed B-cell-like diffuse large B-cell lymphoma
[28]. In colon cancer patients, PRDM1 low ex-
pression predicts poor survival. Ectopic expres-
sion of PRDM1 prevents the formation and
growth of colon cancer organoids [29]. In addi-
tion, genkwadaphnin inhibits the cell cycle pro-
gression and proliferation of colon cancer cells
through inducing PRDM1 expression [30].
However, the correlation between miR-223-3p
and PRDM1 | colon cancer is unclear. Here,
based on microarray assay, we shown that
numerous genes were dysregulated after miR-
223-3p, among which included PRDM1. We-
stern blot shown that miR-223-3p over-expres-
sion suppressed the expression of PRDM1,
while its knockdown promoted PRDM1 expres-
sion. Luciferase results indicated that miR-
223-3p directly binds the wide-type 3'UTR
region of PRDM1, but not the mutant PRDM1.
Furthermore, TCGA and our clinical data show-
ed that PRDM1 mRNA level was reduced in
colon cancer tissues as compared with the nor-
mal tissues. These result indicated that miR-
223-3p promoted colon cancer development
at least partly through repressing the expres-
sion of PRDM1.

In summary, we provided for the first evidence
that miR-223-3p functioned as an oncogenic
microRNA in colon cancer. miR-223-3p pro-
motes the proliferation, growth, migration, in-
vasion and EMT. Inverse results were observed
in miR-223-3p silencing colon cancer cells.
Furthermore, our findings showed that miR-
223-3p promoted colon cancer development
through negatively regulating PRDM1.
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