Bioscience Reports (2018) 38 BSR20180613 Y
https://doi.org/10.1042/BSR20180613

/2 PORTLAND
00 PrEss

Research Article

MiR-629-5p promotes colorectal cancer progression
through targetting CXXC finger protein 4

Jinlai Lu, Shuirong Lu, Jingze Li, Qi Yu, Lang Liu and Qin Li
Department of Gastroenterology, Shanghai East Hospital, Shanghai Tongji University, Shanghai 200123, P.R. China

Correspondence: Qin Li (jessiegod@sina.com)

OPEN 8 ACCESS

Received: 20 April 2018
Revised: 28 June 2018
Accepted: 11 July 2018

Accepted Manuscript Online:

MiR-629-5p has been shown to function as a tumor promoter in some types of cancer.
However, the role of miR-629-5p in colorectal cancer remains unclear. Here, the signifi-
cant up-regulation of miR-629-5p in colorectal cancer tissues and cell lines was observed.
Overexpression of miR-629-5p showed a positive effect on cell proliferation and migration.
The enhanced miR-629-5p level also suppressed cell apoptosis and resulted in a low Bax
level and a high Bcl-2 level. Further down-regulating miR-629-5p demonstrated opposite
effects. CXXC finger protein 4 (CXXC4) was predicted as a direct target of miR-629-5p.
Dual-luciferase reporter and Western blotting assays exhibited miR-629-5p directly bound
to the 3'UTR of CXXC4 and then down-regulated its expression at post-transcriptional level.
CXXC4 knockdown rescued the decreased cell proliferation and migration and the enhanced
cell apoptosis induced by inhibiting miR-629-5p expression. Notably, overexpression of
miR-629-5p also conferred 5-fluorouracil sensitivity, which was partly abrogated by coex-
pression of CXXC4. Overall, the results presented here suggest that miR-629-5p functions
as a tumor promoter by improving proliferation and migration and repressing apoptosis and
5-FU sensitivity in colorectal cancer progression by directly down-regulating CXXC4.

Introduction
Colorectal cancer is a frequent digestive malignancy, causing more than 600 thousand deaths annually
worldwide [1]. Although surgical resection and some combined therapies have been clinically applied,
therapeutic effects on advanced colorectal cancer remain poor. Failure in treating advanced colorectal
cancer is a main cause of colorectal cancer related deaths. Therefore, early diagnosis is critical to improve
the prognosis and to reduce the mortality rate. However, more than 60% colorectal cancer cases are di-
agnosed at advanced stage due to the asymptomatic nature of early stage colorectal cancer [2]. Thus, it is
still imperative to develop effective biomarkers and clinical strategies for curing colorectal cancer.
MiRNAs are small non-coding RNAs that post-transcriptionally repress the translation or promote the
degradation of targetted mRNAs [3]. Generally, one single miRNA is involved in the regulation of multiple
target genes via binding to their 3'UTR [4]. Therefore, miRNAs are important regulators in biological
process, including cell proliferation, migration, and apoptosis [5,6]. It has been proved that the aberrant
expression of miRNAs is a common feature of human malignancy [7]. Emerging evidence have revealed
that miRNAs can be oncogenes or tumor suppressors via regulating cell progression [8,9]. Previous studies
showed that miR-629-5p was responsible for the increased risk of lung cancer [10]. MiR-629-5p also
promoted cell motility and invasion in renal cell carcinoma by regulating TGF[3/Smad signaling [11]. In
ovarian cancer, miR-629-5p promoted cell proliferation, migration, and invasion by directly repressing
testis-specific Y-like protein 5. Additionally, miR-629-5p also acted as an oncogene in human pancreatic
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Figure 1. miR-629-5p was up-regulated in colorectal cancer tissues and cell lines

(A) gRT-gPCR analysis of the expression level of miR-629-5p in colorectal cancer tissues (n=30) and normal tissues (1=30). U6
RNA was used as the internal control. “*P<0.01, Student’s t test. Data were obtained from three technical replicates. (B) Relative
expression of miR-629-5p in NCM460 and colorectal cell lines was determined by gRT-PCR. **P<0.01, one-way ANOVA test. Data
were obtained from three technical replicates.

CXXC finger protein 4 (CXXC4) is a novel tumor suppressor. In renal cell carcinoma, lower CXXC4 level was as-
sociated with promoted malignant phenotype [14]. In gastric cancer, the down-regulated CXXC4 contributed to pro-
liferation [15,16] and anti-apoptosis of cells [17]. Besides, promoter methylation and aberrant expression of CXXC4
were also observed in head and neck squamous cells [18]. Former studies proved that some proteins regulated the
expression of CXXC4 [16,19], but the potential regulation of CXXC4 by miRNA is still unclear. In this research, we
tried to explore the functions of miR-629-5p and CXXC4 in colorectal cancer and to reveal the potential relationship
between these molecules.

Materials and methods

Clinical samples and cell culture

The written informed consent from all enrolled patients was obtained before operation. All the studies were approved
by the Ethical Committee of Shanghai Tongji University. The colorectal cancer tissues and the adjacent normal tissues
were obtained form 30 patients undergoing surgery in Shanghai East hospital from 2014 to 2016. None of the patients
had received chemo, radiation, or immune therapy before the operation. The collected specimens were snap-frozen
and then preserved in liquid nitrogen.

Human colorectal cancer cell lines SW480 (catalog number: 3131C0001000700172, primary tumor-derived), LoVo
(catalog number: 3131C0001000700082, distal metastatic), HT29 (catalog number: 3131C0001000700103, primary
tumor-derived), HCT116 (catalog number: 3131C0001000700099, primary tumor-derived), and SW620 (catalog
number: 3131C0001000700101, lymph node metastatic derivatives of SW480) were purchased form the Type Culture
Collection of the Chinese Academy of Sciences (Shanghai, China). The normal colon epithelial cell line NCM460 (cat-
alog number: BNF-3068) was purchased from Shanghai Rongbai Biological Technology Co., Ltd. (Shanghai, China).
Cell lines were cultivated in RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, U.S.A.) sup-
plemented with 10% FBS (Thermo Fisher Scientific), streptomycin (100 U/ml) (Thermo Fisher Scientific), and peni-
cillin (100 U/ml) (Thermo Fisher Scientific) at 37°C under 5% CO,.

Quantitative real-time PCR

Total RNA from tissues or cancer cells was isolated by TRIzol reagent (Invitrogen, CA, U.S.A.) and then used for
cDNA synthesis according to the manual of PrimeScript™ RT Reagent Kit with gDNA Eraser (Takara Biotechnology
Co., Ltd., Dalian, China). Further quantitative real-time PCR (qRT-PCR) assay of target genes was carried out using
SYBR® Advantage® qPCR Premix (Takara). The expression level of miRNA was determined by Mir-X™ miRNA
First Strand Synthesis Kit (Takara) and Mir-X™ miRNA qRT-PCR SYBR® Kit (Takara) as described by manuals. The
qRT-PCR assay was performed by a StepOnePlus™ Real-Time PCR Systems (Thermo Fisher Scientific). GAPDH and
U6 were applied as internal controls for analyzing the mRNA levels of proteins and miR-629-5p, respectively. The
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Figure 2. Effect of miR-629-5p on cell proliferation of LoVo cells

(A) The level of miR-629-5p in LoVo cells transfected with miR-629-5p mimic. **P<0.01, Student’s t test. Data were obtained from
three biological replicates. (B) Effect of the overexpressed miR-629-5p on the viability of LoVo cells was determined by the CCK-8
assay. **P<0.01, Student’s t test. Data were obtained from three biological replicates. (C) The level of miR-629-5p in LoVo cells
transfected with miR-629-5p inhibitor. **P<0.01, Student’s t test. Data were obtained from three biological replicates. (D) Effect of
the repressed miR-629-5p on the viability of LoVo cells was determined by the CCK-8 assay. *P<0.01, Student’s t test. Data were
obtained from three biological replicates.

Table 1 Primers used in the present study

«. 2 PORTLAND
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Name Sequence (5'-3')

CXXC4 F CTCATCAACTGTGGCGTCTG
CXXC4 R TTAGTTTGCCCTTCATTTCC
Us F CTCGCTTCGGCAGCACA
UB R AACGCTTCACGAATTTGCGT
GAPDH F GGAGTCAACGGATTTGGT
GAPDH R GTGATGGGATTTCCATTGAT

PcDNA-CXXC4 F
PcDNA-CXXC4 R

CCCAAGCTTCTCGAGATGCACCACCGAAACGACTCC
CCGGAATTCTTAAAAGAACCATCGGAATGCTTCA

transcriptional level was analyzed with the 2~

AAC

¢ analytical method. Experiments were performed three times and

each sample was analyzed in triplicate. Primers used here were listed in Table 1.

Genetic manipulation and transfection

MiR-629-5p mimic, miR-629-5p inhibitor, miR-629-5p mimic control (mimic Con), and miR-629-5p inhibitor con-
trol (inhibitor Con) were provided by Guangzhou RiboBio Co., Ltd. (Guangzhou, China). CXXC4-specific siRNA
and a scrambled siRNA (si-Con) were also provided by RiboBio. The DNA encoding CXXC4 protein was cloned
from cDNA of LoVo cell and then inserted into plasmid pcDNA3.1(+) for overexpressing CXXC4, generating the
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Figure 3. Effect of miR-629-5p on migration and apoptosis of LoVo cells

(A) Effect of mimic (B) or inhibitor (C) transfection on cell migration was analyzed by Transwell assay. **P<0.01, Student’s t test.
Data were obtained from three biological replicates. (D,E) Effects of mimic or inhibitor transfection on cell apoptosis were analyzed
by Annexin V/PI analysis. **P<0.01, one-way ANOVA test. Data were obtained from three biological replicates. (F) Effect of mimic or
inhibitor transfection on the expression levels of Bax and Bcl-2 was analyzed by WB assay. 3-actin was used as the internal control.
WB assay was performed in triplicate. (G) Effect of mimic or inhibitor transfection on the relative expression level of Bax and Bcl-2.
**P<0.01, one-way ANOVA test. Data were obtained from three biological replicates. (H) Effect of mimic or inhibitor transfection on
the relative ratio of Bax to Bcl-2. **P<0.01, one-way ANOVA test. Data were obtained from three biological replicates. WB: Western
blot.

pcDNA-CXXC4. Gene sequencing was provided by Sangon Biotech (Shanghai) Co., Ltd. (Shanghai, China). Trans-
fection was then performed at the cell concentration of 50-70% confluence using Lipofectamine 2000 reagent (Invit-
rogen) according to the manual. Primers used here were listed in Table 1.

Cell viability

Cell were seeded in a 96-well plate at a density of 800 cells/well for 0, 24, 48, and 72 h. After cultivation, cell viability
was determined by a CCK8 assay kit (Beyotime, Shanghai, China) at 450 nm according to the manual. Experiments
were performed three times and each sample was analyzed in triplicate.

Transwell migration assay

Cell migration assay were performed in Transwells with 8-pum polycarbonate membrane pores (Corning, U.S.A.).
After transfection for 24 h, cells were trypsinized and suspended in serum-free RPMI-1640 medium containing 10%
BSA and then transferred in the upper chamber (5 x 10* cells/well). The lower chamber was filled with RPMI-1640
medium supplemented with 10% FBS. After 48 h incubation, the migratory cells were fixed with methanol and then
stained with Crystal Violet. Penetrated cells (five fields per chamber) were counted under an inverted microscope.
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Bioinformatics analysis and dual-luciferase reporter assay

The potential target genes of miR-629-5p were analyzed by online software TargetScan 7.1 (http://www.targetscan.
org/vert_71/). The native or mutant 3'UTR of CXXC4 was amplified and cloned into plasmid pMIR-Reporter
(Thermo Fisher), generating the plasmids pMIR-wt and pMIR-mut, respectively. The generated vectors were co-
transfected with miR-629-5p mimic, miR-629-5p inhibitor, mimic Con, or inhibitor Con into LoVo cells. After 48
h, the luciferase activity was determined by the Dual-Luciferase Reporter Assay System (Promega, WI, U.S.A.). The
relative firefly luciferase activity was presented by normalizing to Renilla luciferase activity.

Western blotting

The treated cells were collected and washed twice with PBS buffer. Cells were then lysed by RIPA lysis buffer (Beyotime
Biotechnology, Shanghai, China) for total protein extraction. The BCA protein assay kit (Beyotime Biotechnology)
was applied for determining protein concentration. Protein with equivalent amounts were subsequently separated
by SDS/PAGE and then transferred on to a PVDF membrane. After blocking, the membranes were incubated with
primary antibodies against CXXC4 (ab105400, 1:500), BCL-2 (ab32124, 1:1000), Bax (ab32503, 1:1000), and {3-actin
(ab8227, 1:3000) (Abcam, Cambridge, U.K.) overnight at 4°C. After that, the membranes were incubated with sec-
ondary antibody (ab205718) (Abcam) and exposed using an Ultrasensitive ECL Chemiluminescence kit (Sangon
Biotech) according to the manual.

Cell apoptosis analysis

Cell apoptotic rate was then measured by an FITC labeled Annexin V Apoptosis Detection Kit (BD Biosciences,
U.S.A.). Cells were collected, trypsinized, and then washed twice with cold PBS buffer. The obtained cells were resus-
pended in 300 pul binding buffer and then labeled with 5 pl Annexin V-FITC for 15 min in the dark. After that, cells
were stained by 5 pl PI for 5 min and 200 pl binding buffer was added before analysis by flow cytometry.

Statistical analysis

All data were analyzed by SPSS 17.0 (SPSS Inc., Chicago, U.S.A.). Data are presented as mean % S.D. of at least three
independent experiments. Comparison between two experimental groups was performed by Student’s t test. ANOVA
was applied in the comparison of multiple groups. Samples with P-values of <0.05 were considered statistically dif-
ferent.

Results

Up-regulation of miR-629-5p in colorectal cancer tissues and cell lines

The mRNA levels of miR-629-5p were analyzed by qRT-PCR in the collected colorectal tumor tissues and the adjacent
tumor-free tissues. The average expression level of miR-629-5p in tumor tissues was higher than that in the adjacent
normal tissues (Figure 1A), indicating the up-regulation of miR-629-5p in colorectal cancer tissues. Expressions
of miR-629-5p in colorectal cancer cell lines (SW480, LoVo, HT29, HCT116, and SW620) and a normal colorectal
epithelium cell line (NCM460) were also examined. The expression levels of miR-629-5p in the tested cancer cell lines
were all higher than that in the normal cell line (Figure 1B). In addition, the lowest miR-629-5p level was observed
in HT29 cells. LoVo cells showed the highest expression level of miR-629-5p and then was selected for further study.

Effect of miR-629-5p on cell proliferation and migration in LoVo cells

For assessing the potential functions of miR-629-5p in colorectal cancer cell line, miR-629-5p mimic, miR-629-5p
inhibitor or relative negative controls were transfected into LoVo cells. Compared with mimic control (mimic Con),
transfection with miR-629-5p mimic significantly improved its mRNA level, indicating the successful overexpression
of miR-629-5p (Figure 2A). As shown in Figure 2B, overexpression of miR-629-5p led to an obviously enhanced cell
viability compared with the mimic Con transfected cells. Transfection of miR-629-5p inhibitor significantly inhibited
the mRNA level of miR-629-5p (Figure 2C), leading to a repressed cell viability than the inhibitor Con group (Figure
2D). Cell migratory activity of LoVo cells was also significantly enhanced in the miR-629-5p mimic group (Figure
3A,B). In contrast, transfection of miR-629-5p inhibitor resulted in an obviously decreased cell migratory activity
(Figure 3A,C). These results indicate that miR-629-5p promotes cell proliferation and migration in LoVo cells.

Effect of miR-629-5p on cell apoptosis in LoVo cells
To explore the effect of miR-629-5p on cell apoptosis, apoptotic rate of the transfected cells was determined by flow
cytometry. As shown in Figure 3D,E, miR-629-5p overexpression resulted in a significantly decreased apoptosis level.

(© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 5
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Figure 4. miR-629-5p directly regulating CXXC4 expression

(A) Potential binding site between miR-692-5p and the 3'UTR of CXXC4 predicted by TargetScan 7.1
(http://www.targetscan.org/vert_71/). (B,C) Relative expression level of CXXC4 in colorectal cancer cell lines was deter-
mined by WB assay. 3-actin was used as the internal control. **P<0.01, one-way ANOVA test. Data were obtained from three
biological replicates. (D) Potential binding between miR-629-5p and the 3’'UTR of CXXC4 was determined by dual-luciferase
reporter assay. “*P<0.01, one-way ANOVA test. Data were obtained from three biological replicates. (E) Effect of miR-692-5p
mimic and miR-692-5p inhibitor on the mRNA level of CXXC4 was determined by gRT-PCR. GADPH was used as internal control.
**P<0.01, one-way ANOVA test. Data were obtained from three biological replicates. (F,G) Effect of miR-692-5p mimic and
miR-692-5p inhibitor on the protein level of CXXC4 was determined by WB assay. (3-actin was used as internal control. **P<0.01,
one-way ANOVA test. Data were obtained from three biological replicates.

In contrast, transfection of miR-629-5p inhibitor improved cell apoptosis compared with the miR-629-5p inhibitor
Con transfected cells (Figure 3D,E). Further, the expression levels of apoptosis related Bcl-2 and Bax proteins were
determined by WB assay. As shown in Figure 3F, miR-629-5p overexpression decreased the protein level of Bax and
improved the protein level of Bcl-2 (Figure 3G), leading to a decreased ratio of Bax to Bcl-2 (Figure 3H). In contrast,
transfection of miR-629-5p inhibitor showed contrary effects on the protein levels of Bcl-2 and Bax. These results
suggest that miR-629-5p represses cell apoptosis in LoVo cells.

MiR-629-5p directly targetting CXXC4 in LoVo cells

Online bioinformatics analysis by TargetScan 7.1 version showed that CXXC4 was a potential target gene of
miR-629-5p (Figure 4A). Expressions of CXXC4 in colorectal cancer cell lines were also analyzed by WB assay. As
shown in Figure 4B,C, the protein level of CXXC4 in the tested colorectal cancer cell lines were all down-regulated, in-
dicating the aberrant expression of CXXC4 in colorectal cancer cell lines. The direct regulation relationship between
miR-629-5p and CXXC4 was further verified by dual-luciferase reporter assay. Co-transfection of miR-629-5p mimic
or inhibitor with the luciferase reporter vector containing the wild-type 3'UTR of CXXC4 obviously repressed or im-
proved luciferase activity, respectively (Figure 4D). However, miR-629-5p mimic or inhibitor showed no impact on
the luciferase activities of the cells transfected with the mutant 3'UTR of CXXC4 (Figure 4D). Further analysis pre-
sented that the miR-629-5p mimic or inhibitor showed significantly negative or positive effect on the mRNA (Figure
4E) and protein levels of (Figure 4F,G) CXXC4 in LoVo cells, respectively. These results reveal that miR-629-5p di-
rectly binds to the 3'UTR of CXXC4 and negatively regulated its expression at post-transcriptional level.

The role of CXXC4 in the oncogenic function of miR-625-5p in LoVo cells
To illustrate whether CXXC4 involves in the oncogenic function of miR-625-5p, si-CXXC4 was transfected with
miR-625-5p inhibitor in LoVo cells to knockdown CXXC4 level. As shown in Figure 5A, the cell viabilities of differ-
ent groups were similar at 24 h. After that, transfecting miR-629-5p inhibitor showed obvious inhibitory effect on

6 (©) 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Figure 5. CXXC4 involves in the oncogenic effects of miR-629-5p on colorectal cancer progression

(A) Effect of co-transfection of siCXXC4 and miR-629-5p inhibitor on cell viability was determined by CCK-8 assay. *P<0.05,
**P<0.01, one-way ANOVA test. Data were obtained from three biological replicates. (B) Effect of co-transfection of siCXXC4 and
miR-629-5p inhibitor on cell migration was determined by Transwell assay. **P<0.01, one-way ANOVA test. Data were obtained
from three biological replicates. (C) Effect of co-transfection of siCXXC4 and miR-629-5p inhibitor on cell apoptosis was deter-
mined by Annexin V/PI analysis. **P<0.01, one-way ANOVA test. Data were obtained from three biological replicates. (D) Effect of
co-transfection of siCXXC4 and miR-629-5p inhibitor on the expression levels of Bax and Bcl-2 was analyzed by WB assay. 3-actin
was used as the internal control. WB assay was performed in triplicate. (E) Effect of co-transfection of siCXXC4 and miR-629-5p
inhibitor on the relative expression levelS of Bax and Bcl-2. **P<0.01, one-way ANOVA test. Data were obtained from three bio-
logical replicates. (F) Effect of co-transfection of siCXXC4 and miR-629-5p inhibitor on the relative ratio of Bax to Bcl-2. **P<0.01,
one-way ANOVA test. Data were obtained from three biological replicates.

cell viability and CXXC4 knockdown exhibited the ability to rescue this repressed cell viability. In addition, CXXC4
knockdown also partly recovered the decreased cell migratory ability induced by the decreased miR-625-5p level
(Figure 5B). Besides, the enhanced cell apoptosis (Figure 5C), the aberrant expressions of Bcl-2 and Bax proteins
(Figure 5D,E), and the enhanced ratio of Bax to Bcl-2 (Figure 5F) in the miR-625-5p inhibitor transfected cells were
also partly abrogated by CXXC4 knockdown. These results reveal that miR-625-5p is a tumor promoter via targetting
CXXC4 in LoVo cells.

Effect of miR-629-5p/CXXC4 axis on the 5-fluorouracil sensitivity of LoVo
cells

We also explored the role of miR-629-5p/CXXC4 axis on the 5-fluorouracil sensitivity of LoVo cells. As shown in
Figure 6A, the cell viabilities of different groups were similar at 24 h. After that, transfection of miR-629-5p mimic
decreased the inhibitory effect of 5-FU on cell viability. Further, coexpression of CXXC4 in mimic/5-FU cell repressed
cell viability at 72 h. Overexpression of miR-629-5p restored the 5-FU induced apoptosis of LoVo cells compared with
the mimic Con/5-FU group (Figure 6B). We also examined the expression level of apoptotic marker proteins (Bax and
Bcl-2) by WB assay (Figure 6C). Transfection of miR-629-5p mimic decreased the expression level of Bax (Figure 6D),
increased the expression level of Bcl-2 (Figure 6D), and decreased the ratio of Bax to Bcl-2 than the mimic Con/5-FU
group (Figure 6E). Notably, the changes in apoptosis, the expression levels of Bax and Bcl-2, and the ratio of Bax to
Bcl-2 were attenuated by coexpression of CXXC4 in the mimic/5-FU group (Figure 6B-E). These data suggest that
the miR-629-5p contributes to 5-FU sensitivity partly via regulating CXXC4 expression in LoVo cells.

(© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 7
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Figure 6. miR-629-5p contributes sensitivity to 5-fluorouracil in LoVo cells through CXXC4

(A) Effect of coexpression of miR-629-5p and CXXC4 on cell sensitivity to 5-FU (0.6 ng/ml). Cell viability was determined by the
CCK-8 assay. **P<0.01, one-way ANOVA test. Data were obtained from three biological replicates. (B) Effect of coexpression of
miR-629-5p and CXXC4 on cell apoptosis under the treatment of 5-FU was analyzed by Annexin V/PI analysis. **P<0.01, one-way
ANOVA test. Data were obtained from three biological replicates. (C) Effect of coexpression of miR-629-5p and CXXC4 on the
expression levels of Bax and Bcl-2 under the treatment of 5-FU was analyzed by WB assay. 3-actin was used as the internal
control. WB assay was performed in triplicate. (D) Effect of coexpression of miR-629-5p and CXXC4 on the relative expression
level of Bax and Bcl-2 under the treatment of 5-FU. * P<0.05, **P<0.01, one-way ANOVA test. Data were obtained from three
biological replicates. (E) Effect of coexpression of miR-629-5p and CXXC4 on the relative ratio of Bax to Bcl-2 under the treatment
of 5-FU. **P<0.01, one-way ANOVA test. Data were obtained from three biological replicates.

Discussion

Emerging evidence has revealed the varied functions of miRNAs in colorectal cancer progression. For example,
miR-19a contributed to colorectal cancer proliferation and migration by targetting TIA1 [20]. MiR-145 inhibited
human colorectal cancer cell migration and invasion through PAK4-dependent pathway [21]. MiR-429 promoted
tumor growth and metastasis in colorectal cancer by directly targetting HOXA5 [22]. MiR-542-3p functioned as a
tumor repressor in colorectal cancer by targetting OTUB1 [23]. However, the role of miR-629-5p in colorectal cancer
remains unclear. Here, we found that miR-629-5p was up-regulated both in colorectal cancer tissues and cell lines.
However, its extent of up-regulation in colorectal cancer is significantly lower than that in other cancer types [12,24],
indicating a potential varied regulation of miR-629-5p in different types of cancer. Additionally, there was no signifi-
cant correlation between the metastasis of tested cell lines and the expression level of miR-629-5p. Similar to previous
studies [12,13,24], miR-629-5p functioned as an oncogene by promoting proliferation and migration and repressing
apoptosis and drug sensitivity. These results suggest that miR-629-5p is a potential biomarker and therapy target for
colorectal cancer.

Previous studies have showed that miR-629-5p involves in tumor progression via down-regulating FOXO3 [12],
Testis-specific Y-like protein 5 [24], or TRIM33 [11] in different types of cancer. In the present study, we found that
CXXC4 was down-regulated in the tested colorectal cancer cell lines, which is similar to a recent report [19]. Further
analyses confirmed that CXXC4 was directly down-regulated by miR-629-5p and involved in the oncogenicity of
miR-629-5p. In contrast, regulating CXXC4 expression level showed an earlier obvious rescue effect on cell viability
than on drug sensitivity, indicating a potential and more important role of CXXC4 on cell viability.

8 (©) 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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CXXC4 has been identified as a tumor suppressor and was down-regulated in renal cell [14], gastric [15,16], and
colorectal cancers [19]. Its mRNA level is also associated with clinicopathological parameters and patient survival
in myelodysplastic syndrome [25]. As a transcription factor, CXXC4 functions via multiple targets in various can-
cer types. In gastric cancer, CXXC4 abrogated the interaction of ERK1/2 with MEK1/2 via binding to ERK1/2 to
inactivate MAPK signaling [15]. It also showed the ability to interact with disheveled to disrupt the association of
disheveled with Axin-GSK-3b and consequently activate GSK-3b to promote the phosphorylation and degradation
of 3-catenin, inhibiting Wnt signaling [16]. Besides, CXXC4 may contribute to the activation of caspase 3 [26]. Re-
cent report indicated that CXXC4 activated GDF15 transcription by improving the interaction of Sp1 with GDF15
promoter to strengthen cell apoptosis [17]. In renal cell carcinoma, down-regulation of CXXC4 by siRNA resulted in
the up-regulation of some cellular proliferation related genes (FGF18, EGRI, and MYCN), the down-regulation of
apoptosis inhibitor proteins BIRC7 and XAF1, and some other important tumor progression factors [14]. Therefore,
miR-629-5p can form a complex regulating network via down-regulating CXXC4.

As a tumor repressor, the regulation of CXXC4 expression in transcription level has been reported. In colorectal
cancer, the B cell-specific Molony murine leukemia virus integration sitel, a component of the polycomb repres-
sive complex, can bind to the promoter region of CXXC4 and then repress its transcription [19]. In gastric cancer, the
enhancer of zeste homolog 2 was enriched on CXXC4 promoter region and down-regulated its expression [16]. How-
ever, whether CXXC4 is regulated at post-transcriptional level remains unclear. Our result is the first report, which
provides the evidence that CXXC4 is also directly down-regulated by miRNA via binding to its 3'UTR. Notably, reg-
ulating the CXXC4 level by overexpression or RNAI did not completely rescue the miR-629-5p induced changes in
cell properties. This phenomenon can be explained by the complex regulatory mechanism of both and CXXC4.

In summary, our data reveal that the expression level of miR-629-5p is enhanced in colorectal cancer tissues and cell
lines. MiR-629-5p functions as a tumor promoter by improving proliferation and migration and repressing apoptosis
and 5-FU sensitivity in colorectal cancer progression by directly down-regulating CXXC4. Besides, this research is
also the first study provides evidence that CXXC4 is regulated by miRNA at post-transcriptional level.

Funding
This work was supported by the Shanghai Pudong New Area Science and Technology Development Fund Innovation Fund Project
[grant number PKJ2014-Y12].

Competing interests
The authors declare that there are no competing interests associated with the manuscript.

Author contribution
J.L. is the major contributor in manuscript writing and performing the study. S.L. and J.L. collected and analyzed the tissue sam-
ples. Q.Y,, L.L., and Q.L. designed and performed the experiments. All authors read and approved the final manuscript.

Abbreviations
CXXC4, CXXC finger protein 4; 5-FU, 5-Fluorouracil; gRT-PCR, quantitative real-time PCR.

References

1 Jemal, A., Center, M.M., DeSantis, C. and Ward, E.M. (2010) Global patterns of cancer incidence and mortality rates and trends. Cancer Epidemiol.

Biomarkers Prev. 19, 1893-1907, https://doi.org/10.1158/1055-9965.EPI-10-0437

Gonzalezpons, M. and Cruzcorrea, M. (2015) Colorectal cancer biomarkers: where are we now? Biomed. Res. Int. 2015, 149014

Caldas, C. and Brenton, J.D. (2005) Sizing up miRNAs as cancer genes. Nat Med 11, 712-714, https://doi.org/10.1038/nm0705-712

Bartel, D.P. (2004) MicroRNAs: genomics, biogenesis, mechanism, and function. Cell 116, 281-297, https://doi.org/10.1016/S0092-8674(04)00045-5

Wei, X., Zhou, J.Y., Luo, H.B., Liu, Y.Z., Peng, C.C., Zheng, W.L. et al. (2017) MicroRNA-32 promotes cell proliferation, migration and suppresses

apoptosis in breast cancer cells by targeting FBXW7. Cancer Cell Int. 17, 14, https://doi.org/10.1186/s12935-017-0383-0

6 Iwaki, J., Kikuchi, K., Mizuguchi, Y., Kawahigashi, Y., Yoshida, H., Uchida, E. et al. (2013) MiR-376¢ down-regulation accelerates EGF-dependent
migration by targeting GRB2 in the HuCCT1 human intrahepatic cholangiocarcinoma cell line. PLoS ONE 8, 69496,
https://doi.org/10.1371/journal.pone.0069496

7 Mo, D., Yang, D., Xiao, X., Sun, R., Huang, L. and Xu, J. (2017) MiRNA-145 suppresses lung adenocarcinoma cell invasion and migration by targeting
N-cadherin. Biotechnol. Lett. 39, 701-710, https://doi.org/10.1007/s10529-017-2290-9

8 lorio, M.V. and Croce, C.M. (2009) MicroRNAs in cancer: small molecules with a huge impact. J. Clin. Oncol. 27, 5848-5856,
https://doi.org/10.1200/JC0.2009.24.0317

9 Rufino-Palomares, E.E., Reyes-Zurita, F.J., Lupiaiez, J.A. and Medina, P.P. (2005) miRNAs as oncogenes and tumor suppressors. N. Engl. J. Med. 353,
1768-1771, https://doi.org/10.1056/NEJMp058190

a1 B~ W N

(© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons 9
Attribution License 4.0 (CC BY).


https://doi.org/10.1158/1055-9965.EPI-10-0437
https://doi.org/10.1038/nm0705-712
https://doi.org/10.1016/S0092-8674(04)00045-5
https://doi.org/10.1186/s12935-017-0383-0
https://doi.org/10.1371/journal.pone.0069496
https://doi.org/10.1007/s10529-017-2290-9
https://doi.org/10.1200/JCO.2009.24.0317
https://doi.org/10.1056/NEJMp058190

o = PORTLAND
09 rress

10

Bioscience Reports (2018) 38 BSR20180613
https://doi.org/10.1042/BSR20180613

10 Yang, L., Li, Y., Cheng, M., Huang, D., Zheng, J., Liu, B. et al. (2012) A functional polymorphism at microRNA-629-binding site in the 3'-untranslated
region of NBS1 gene confers an increased risk of lung cancer in Southern and Eastern Chinese population. Carcinogenesis 33, 338-347,
https://doi.org/10.1093/carcin/bgr272

11 Jingushi, K., Ueda, Y., Kitae, K., Hase, H., Egawa, H., Ohshio, I. et al. (2015) miRNA-629 targets TRIM33 to promote TGF-beta/Smad signaling and
metastatic phenotypes in ccRCC. Mol. Cancer Res. 13, 565-574, https://doi.org/10.1158/1541-7786.MCR-14-0300

12 Yan, H., Li, Q., Wu, J., Hu, W,, Jiang, J., Shi, L. et al. (2017) MiR-629 promotes human pancreatic cancer progression by targeting FOX03. Cell Death
Dis. 8, 3154, https://doi.org/10.1038/cddis.2017.525

13 Phuah, N.H., Azmi, M.N., Awang, K. and Nagoor, N.H. (2017) Suppression of microRNA-629 enhances sensitivity of cervical cancer cells to
1’S-1’-acetoxychavicol acetate via regulating RSU1. Oncotarget Ther. 10, 1695—1705, https://doi.org/10.2147/0TT.S117492

14 Kojima, T., Shimazui, T., Hinotsu, S., Joraku, A., Oikawa, T., Kawai, K. et al. (2009) Decreased expression of CXXC4 promotes a malignant phenotype in
renal cell carcinoma by activating Wnt signaling. Oncogene 28, 297-305, https://doi.org/10.1038/0nc.2008.391

15 Lu, H., Jin, W,, Sun, J., Feng, L., Lan, H., Shen, Q. et al. (2014) New tumor suppressor CXXC finger protein 4 inactivates mitogen activated protein
kinase signaling. FEBS Lett. 588, 3322-3326, https://doi.org/10.1016/j.febslet.2014.07.014

16 Lu, H., Sun, J., Wang, F, Feng, L., Ma, Y., Shen, Q. et al. (2013) Enhancer of zeste homolog 2 activates wnt signaling through downregulating CXXC
finger protein 4. Cell Death Dis. 4, €776, https://doi.org/10.1038/cddis.2013.293

17 Han, M., Dai, D., Yousafzai, N.A., Wang, F., Wang, H., Zhou, Q. et al. (2017) CXXC4 activates apoptosis through up-regulating GDF15 in gastric cancer.
Oncotarget 8, 103557-103567, https://doi.org/10.18632/oncotarget.21581

18 Paluszczak, J., Wisniewska, D., Kostrzewska-Poczekaj, M., Kiwerska, K., Grenman, R., Mielcarek-Kuchta, D. et al. (2017) Prognostic significance of the
methylation of Wnt pathway antagonists-CXXC4, DACT2, and the inhibitors of sonic hedgehog signaling-ZIC1, ZIC4, and HHIP in head and neck
squamous cell carcinomas. Clin. Oral Invest. 21, 1777-1788, https://doi.org/10.1007/s00784-016-1946-5

19 Yu, F, Zhou, C., Zeng, H., Liu, Y. and Li, S. (2018) BMI1 activates WNT signaling in colon cancer by negatively regulating the WNT antagonist IDAX.
Biochem. Biophys. Res. Commun. 496, 468-474, https://doi.org/10.1016/j.bbrc.2018.01.063

20 Liu, Y, Liu, R., Yang, F,, Cheng, R., Chen, X., Cui, S. et al. (2017) miR-19a promotes colorectal cancer proliferation and migration by targeting TIA1. Mol.
Cancer 16, 53, https://doi.org/10.1186/s12943-017-0625-8

21 Sheng, N., Tan, G., You, W., Chen, H., Gong, J., Chen, D. et al. (2017) MiR-145 inhibits human colorectal cancer cell migration and invasion via
PAK4-dependent pathway. Cancer Med. 6, 1331-1340, https://doi.org/10.1002/cam4.1029

22 Han, Y., Qian, Z, Jie, Z. and Rui, S. (2017) miR-429 mediates tumor growth and metastasis in colorectal cancer. Am. J. Cancer Res. 7, 218-233

23 Yuan, L., Yuan, P, Yuan, H., Wang, Z., Run, Z., Chen, G. et al. (2017) miR-542-3p inhibits colorectal cancer cell proliferation, migration and invasion by
targeting OTUB1. Am. J. Cancer Res. 7, 159-172

24 Shao, L., Shen, Z., Qian, H., Zhou, S. and Chen, Y. (2017) Knockdown of miR-629 inhibits ovarian cancer malignant behaviors by targeting
testis-specific Y-like protein 5. DNA Cell. Biol. 36, 1108-1116, https://doi.org/10.1089/dna.2017.3904

25 Li, S., Fan, R., Zhao, X.L. and Wang, X.Q. (2014) CXXC4 mRNA levels are associated with clinicopathological parameters and survival of myelodysplastic
syndrome patients. Leukoc. Res. 38, 1072—1078, https://doi.org/10.1016/j.leukres.2014.07.002

26 Ko, M., An, J., Bandukwala, H.S., Chavez, L., Aijo, T., Pastor, W.A. et al. (2013) Modulation of TET2 expression and 5-methylcytosine oxidation by the
CXXC domain protein IDAX. Nature 497, 122—126, https://doi.org/10.1038/nature12052

(© 2018 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).


https://doi.org/10.1093/carcin/bgr272
https://doi.org/10.1158/1541-7786.MCR-14-0300
https://doi.org/10.1038/cddis.2017.525
https://doi.org/10.2147/OTT.S117492
https://doi.org/10.1038/onc.2008.391
https://doi.org/10.1016/j.febslet.2014.07.014
https://doi.org/10.1038/cddis.2013.293
https://doi.org/10.18632/oncotarget.21581
https://doi.org/10.1007/s00784-016-1946-5
https://doi.org/10.1016/j.bbrc.2018.01.063
https://doi.org/10.1186/s12943-017-0625-8
https://doi.org/10.1002/cam4.1029
https://doi.org/10.1089/dna.2017.3904
https://doi.org/10.1016/j.leukres.2014.07.002
https://doi.org/10.1038/nature12052

