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Background: MicroRNAs (miRNAs) have a significant regulatory effect on the proliferation, migration, and invasion of cells,
and have been widely reported to have oncogenic or tumor-suppressive impacts on various tumors. In the pres-
ent study we assessed the regulation and function of miR-20a on colorectal cancer (CRC) cell lines.

Material/Methods: gPCR was used to quantify miR-20a expression. Luciferase reporter assay was conducted to confirm Foxj2 3'UTR
associations. In addition, the function of miR-20a and Foxj2 in CRC was detected using MTT, colony formation,
transwell assays, and cell cycle analysis.

Results: Our data revealed that miR-20a expression was elevated in the CRC cell lines, and cell migration, proliferation,
and invasion abilities were promoted by the overexpression of miR-20a. Moreover, Foxj2 was authenticated as
a direct target gene of miR-20a in CRC cells. Furthermore, we found that the ectopic Foxj2 dramatically sup-
pressed miR-20a-promoted proliferation, migration, invasion, and xenografts in vitro and in vivo, and induced
cell cycle arrest at G1 stage.

Conclusions: Our results showing the roles of miR-20a/Foxj2 in carcinogenesis of CRC may help improve treatment of CRC.
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Material and Methods

Colorectal cancer (CRC) is a common malignant tumor that is
one of the leading causes of cancer-related death worldwide [1].
In developed Western countries, CRC is the second most com-
mon cancer, and morbidity and mortality rates are continually
increasing in China [2]. The onset of CRC is subtle, early symp-
toms are mild or inconspicuous; therefore, many patients are
diagnosed in the middle and late stages of CRC, with poor re-
sponse to treatment unfavorable prognosis. The 5-year sur-
vival rate of advanced metastatic CRC is less than 10%, and it
has the fifth-highest cancer mortality rate in China. Although
is increasing understanding, improved diagnosis, and more
effective therapy of CRC, the precise molecular mechanisms
underlying disease initiation and progression are complicated
and ambiguous. Therefore, it is of great clinical significance to
identify biomarkers related to CRC.

miRNAs repress gene expression, mainly by direct interaction
with the 3’-untranslated regions (3’'UTRs) of mRNAs, and belong
to a cluster of highly conserved, small, non-coding RNAs [3].
miRNAs can serve as either tumor oncogenes or inhibitors, and
take part in many biological processes, including cell prolifera-
tion, differentiation, and apoptosis, by targeting various tran-
scripts, and are associated with the initiation, promotion, and
development of all types of human cancer [4]. With the devel-
opment of molecular genetics, growing evidence proved that
miR-20a is expressed at higher levels in CRC tissues than in
normal adjacent mucosal tissues, and patients with elevated
expression levels of miR-20a have larger lymph nodes. The high
incidence of distant metastasis suggests that miR-20a can reg-
ulate the metastasis of CRC. Li et al. indicated that the level
of miR-20a was considerably higher in CRC tissues and is cor-
related with the apoptosis and distant metastasis of cancer
cells. Additionally, miR-20a plays a role in migration, invasion,
and epithelial-to-mesenchymal transition (EMT) of CRC cells by
regulating the underexpression E-cadherin and overexpression
of vimentin. However, the mechanism through which miR-20a
affects the development of CRC is unclear.

In the present work, integrated analyses were performed and
miR-20a was screened as an oncogenic molecule in CRC, sug-
gesting that the level of miR-20a was upregulated in CRC cells
and tissues. The overexpressed miR-20a positively regulated
cell proliferation and colony formation. Additionally, Foxj2 was
identified as a hub target of miR-20a based on the integrated
bioinformatics analysis and in vitro experiments. Subsequently,
the regulation of miR-20a on Foxj2 was also verified, showing
that cell migration and invasion were promoted by miR-20a
by suppressing the expression of Foxj2.

Integrated analysis of CRC miRNA and mRNA datasets

The gene and miRNA expression data and the relevant clinical
information of TCGA-COAD were extracted from The Cancer
Genome Atlas (TCGA) database in April 2019. The EdgeR pack-
age was used to estimate differentially expressed miRNA be-
tween CRC tissues and normal tissues. |logFC| >1 and FDR
<0.001 were deemed to be statistically significant. We also
identified the cluster of differently expressed miRNAs and
mRNAs based on the “pheatmap” package in R.

Prediction of miR-20a targets and enrichment analysis

The potential targets of miR-20a were identified based on the
intersection of 3 online databases: miRTarBase [5], miRDB [6],
and TargetScan [6]. Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) enrichment analyses were con-
ducted using the clusterProfiler package [7]. The correlation
between miR-20a and Foxj2 was assessed and plotted using
the online starBase [8].

Tissue specimens and cell culture

Paired CRC tissues and its tumor-adjacent tissues were ac-
quired from patients undergoing radical resection at the First
People’s Hospital of Jingmen from 2015 to 2016. We random-
ly selected 24 patients, and the study was approved by the
Ethics Committee of the First People’s Hospital of Jingmen.

The human CRC cell lines SW480, SW620, HCT-116, and HCT-8,
as well as the normal intestinal epithelial cell line FHC, were ob-
tained from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). RPMI-1640 (Gibco, Carlsbad, CA, USA) with
10% fetal bovine serum (FBS, Gibco) was used to culture the
SW480 and HCT-8 cells in a humidified atmosphere with 5%
(0, at 37°C. SW620 and HCT-116 cells were incubated in DMEM
(Gibco) containing 10% FBS (Gibco) with the same conditions.

Western blot analysis

Total proteins were separated from the CRC tissues and cells.
The concentrations of proteins were identified based on the
Bio-Rad protein assay system (Bio-Rad, Hercules, CA, USA).
SDS polyacrylamide gel electrophoresis (SDS-PAGE) was used
to analyze the proteins, which were then transferred to PVDF
membranes (Millipore). Then, the membrane proteins were
subjected to immunoblotting with appropriate antibodies fol-
lowing the instructions of the manufacturer. The protein bands
were visualized and quantified.
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Real-time quantitative PCR

TRIZOL reagent (Invitrogen) was used to isolate total RNA from
frozen tumor tissues and cells. We used the cDNA Synthesis
Kit (Takara, Tokyo, Japan) for synthesis of cDNA. The qPCR for
miRNAs and mRNA was conducted with specific primers fol-
lowing the instructions of the manufacturer (Life Technologies,
Carlsbad, CA, USA). QPCR results of miRNA and mRNA were ex-
pressed corresponding to U6 snRNA or B-actin mRNA, respec-
tively. The sequences of the primers were:

Foxj2: 5’-TATGGTAGGGCATGAGGACAAC-3’ (forward),
5’-GCAAACAATTAAAGGAGGACAAAC-3’ (reverse);

B-actin: 5-TAGTTGCGTTACACCCTTTCTTG-3’ (forward),
5’-GCTGTCACCTTCACCGTTCC-3’ (reverse);

miR-20a: 5’-ACACTCCAGCTGGGTAAAGTGCTTATAGTGCA-3’
(forward),

5’-TGGTGTCGTGGAGTCG-3’ (reverse);

U6: 5’-CTCGCTTCGGCAGCACA-3’ (forward),
5’-AACGCTTCACGAATTTGCGT-3’ (reverse).

Establishment and transfection of plasmid

The overexpression of miR-20a was performed by transfect-
ing a miR-20a mimic with a synthesized double-stranded RNA
oligonucleotide imitating the miR-20a precursor. The synthe-
sized miR-20a mimic and the random negative control RNAs
(control mimic and inhibitor) were obtained from GenePharma
(Shanghai, China). For overexpression of endogenous Foxj2,
the coding sequence of Foxj2 was amplified and subcloned
into the pcDNA3.1(+) vector (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’ instructions. The empty plas-
mid was used as the negative control (control plasmid).
The overexpressed plasmids were transfected into the cells
by Lipofectamine 2000 (Invitrogen) based on the protocols.

Luciferase reporter assay

HCT-116 cells were seeded in 24-well plates with a density of
1x10° cells/well, which were further incubated for 24 h prior to
transfection. When performing the reporter gene experiments,
0.5 pg of pGL3-Foxj2-3’UTR or pGL3-Foxj2-3’UTR Mut plas-
mid, 0.05 ng of the pRL-TK control vector (Promega, USA), and
100 nM miR-20a or the control RNA were used to collectively
transfect the cells based on Lipofectamine 2000 (Invitrogen,
USA). The Dual-Luciferase Reporter Assay kit (Promega) was
used to explore the luciferase activities based on the instruc-
tions of the manufacturer. The normalization was assessed by
the Renilla luciferase activity.

Transwell assay

Cell migratory and invasive capacities were determined by tran-
swell chamber assay (BD Biosciences). The transfected cells
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were collected 24 h after transfection. Subsequently, 3.0x10°
transfected cells or control cells were added to every upper in-
sert in the serum-free medium. We added 500 pL culture me-
dium supplemented with 10% FBS to the lower chamber. After
the cultivation, non-migrated and non-invaded cells were dis-
carded from the top surface of the transwell membrane using
a cotton swab, and the cells remaining on the substrate were
fixed with methanol, stained with 0.1% crystal violet, and pho-
tographed and counted. The above experiments were conduct-
ed in triplicate with biological samples.

Cell cycle analysis

Cell cycle analysis was conducted after 48 h of the miRNA trans-
fection based on flow cytometry. Briefly, 2x10° cells were har-
vested and trypsinized, re-suspended in ethanol, and stored at
4°C for 15 min. Afterward, cells were centrifuged and re-sus-
pended in 450 pL PBS and 50 pL RNase A at 37°C for 30 min.
Cells were then treated with propidium iodide (PI, 50 ug/mL)
and were cultured for 30 min in the dark at room temperature.
Cell cycle analysis was achieved on a FACScan flow cytometer
(BD Biosciences) using ModFit LT software.

Cell apoptosis

The Annexin V-FITC/PI staining kit (BD Biosciences, San Diego,
CA, USA) was used for cell apoptosis. HCT-116 cells were seed-
ed in 6-well plates with a density of 106 cells/mL. After trans-
fecting for 24 h, Annexin V-FITC was used to label the cells
for 20 min in the darkness. In total, 50 pg/mL of Pl was add-
ed and further incubated for 30 min. Cell apoptosis was de-
tected to calculate the percentage of cell death based on flow
cytometry with the FACScan flow cytometer (BD Biosciences).
All tests were performed in triplicate.

Cell proliferation and colony formation assay

For cell proliferation, cell viability was assessed by the MTT
assay, in which 3.0x103 cells per well were seeded in 24-well
plates and cultured in complete medium. Subsequently, cells
were treated with 20 yL MTT (5 mg/mL) and cultured for 4 h.
After discarding the medium, the formazan crystals were re-
suspended in dimethylsulfoxide (DMSO) and the absorbance
was immediately assessed using a microplate reader at 490 nm.
For the colony formation assay, 1x10° cells were seeded in
6-well culture plates and cultured in complete culture medium.
After culturing for 15 days, 3.7% methanol was applied to fix
the colonies of living cells, 0.1% crystal violet was applied for
staining, and cell colonies were counted. Colonies consisting of
at least 50 cells were scored. All the above experiments were
conducted in triplicate.
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Xenograft study

For in vivo analyses, cells (1x10%) were suspended in 100 pL
serum-free DMEM and subcutaneously injected into the flanks
of BALB/c male nude mice (3—4 weeks old). For each group,
5 mice were included. The development of tumors in mice was
observed every 3 days. Four weeks later, the mice were euth-
anized and the tumors were removed and photographed, and
the volumes were calculated based on the following formula:
length (mm)xwidth? (mm?)/2.

Statistical analysis

Univariate Cox proportional hazards regression analysis was
performed for the identification of candidate genes closely as-
sociated with survival. Of the screened genes, the candidates
with p-value <0.001 were further subjected to multivariate Cox
proportional hazards regression analysis to select the prog-
nostic gene markers. SPSS 17.0 software (SPSS, Chicago, IL)
was used for all the statistical analyses. The results are ex-
pressed as meanzstandard deviation with no less than 3 bi-
ological repeats. The comparison between the 2 groups was
performed by t test. One-way ANOVA was used to assess the
significance of variations in different groups. P-values <0.05
were deemed to be statistically significant.

Results

miR-20a was overexpressed in CRC and upregulated cell
proliferation and colony formation

The statistical software R and EdgeR packages were used to
identify the differentially expressed microRNAs between con-
trol and tumor tissues. Figure 1A displays the volcano plot. All
of the altered miRNAs expressed in CRC tissues were identi-
fied (Figure 1B), showing that the expression of miR-20a was
higher in CRC. RT-qPCR analysis showed that the levels of
miR-20a were elevated in 4 CRC cell lines — SW480, SW620,
HCT-8, and HCT-116 — compared with the normal cell line FHC
(Figure 1C). Additionally, it was revealed in Figure 1D that the
level of miR-20a expressed in CRC tissues was higher in CRC
tissues than in the relevant para-carcinoma tissues.

To further explore the roles of miR-20a in the development
of CRC, MTT and colony formation assays were performed
in vitro. miR-20a was overexpressed in HCT-116 cells trans-
fected with miR-20a mimics (Figure 1E). MTT assay showed
that cell proliferation was facilitated by overexpression of
miR-20a (Figure 1F). Colony formation assay showed that over-
expression of miR-20a facilitated the colony-forming ability
of HCT-116 cells (Figure 1G). The number of colonies devel-
oped from cells treated with miR-20a mimics was counted,
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which was dramatically higher than that of scramble or con-
trol cells (* P<0.05).

Identification of miR-20a candidate target genes

To assess the abnormal regulation of miR-20a on CRC, the po-
tential mRNA targets of miR-20a were obtained by the verified
target module of miRDB, miRTarBase, and TargetScan data-
bases. Eventually, 120 candidates were selected from these
3 databases. Univariate Cox regression analysis and stepwise
multivariate Cox regression analysis were performed to as-
sess the relationship between differentially expressed genes
and the overall survival of patients with CRC. As represent-
ed in Supplementary Table 1, 228 downregulated genes with
p-value <0.001 were considered as the prognostic candidates,
which were chosen for the next screening. To authenticate the
reliable target genes, the intersection of promising miR-20a
target genes and 228 reduced differentially expressed genes
were extracted, which eventually screened out 3 target genes
(FOXJ2, CRY2, and PLS1), among which, FOXJ2 has never been
previously studied in CRC (Figure 2A).

We assessed the correlation between miR-20a and the candi-
dates using the combination of GO analysis and KEGG pathway
analysis. GO enrichment results (Figure 2B) suggested that the
activation of MAPKK was the most enriched pathway. The KEGG
results (Figure 2C) suggested that the candidates are gener-
ally involved in development of a variety of cancers and EGFR
tyrosine kinase inhibitor resistance. Moreover, we also devel-
oped the expression heatmap for all potential target genes of
miR-20a (Figure 2D). The GEPIA database also verified that the
Foxj2 expression was inhibited in tumors in comparison with
normal tissues (Figure 2E). The results of starBase (Figure 2F)
suggested that the level of Foxj2 was negatively correlated
with that of miR-20a.

Foxj2 serves as the direct target of miR-20a in CRC cells

To sequentially identify the putative target gene of miR-20a in
CRC, Foxj2 was utilized as a possible target gene of miR-20a
(Figure 3A). To further confirm Foxj2 as a target of miR-20a,
the miR-20a binding site was speculated to be in the 3’UTR of
Foxj2 mRNA, which was cloned into the dual-luciferase report-
er vector. Subsequently, either miR-20a or the negative control
RNA with the dual-luciferase expression vector including wild-
type or mutant 3’UTR fragment of Foxj2 was co-transfected.
Dual-luciferase reporter assay was performed to validate that
the luciferase activity of the wild-type Foxj2 3’-UTR luciferase
complex rather than the mutant Foxj2 3'UTR was dramati-
cally suppressed by the overexpressed miR-20a (Figure 3B)
(P<0.05). The above results show that Foxj2 directly interacts
with miR-20a. In addition, miR-20a was transfected to the
HCT-116 cells, and the results of Western blot analyses proved
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Figure 1. miR-20a expression was upregulated in CRC and overexpression of miR-20a promoted cell growth and colony formation.
(A) Volcano plot of differentially expressed miRNAs. X-axis: log, (fold change); Y-axis: log,, (FDR). Red dots: significantly
upregulated genes; Green dots: significantly downregulated genes; Black dots: non-differentially expressed genes.

(B) The heatmap of the differentially expressed miRNAs between CRC tissues and adjacent normal tissues. Differentially
expressed genes in CRC were screened and are presented in the rows, and the columns are samples. The green represents
downregulation, while a red represents upregulation. (C) The expression of miR-20a was detected in CRC cell lines (SW480,
SW620, HCT-8, and HCT-116) and the normal cell line FHC using gPCR analysis. (D) gPCR analysis of miR-20a expression
levels in 24 pairs of CRC tissues and their corresponding adjacent normal tissues (P<0.001). (E) gPCR analysis was used to
evaluate miR-20a expression after transfection with miR-20a mimics or scramble or no transfection (control). (F) MTT assay
was used to study the proliferation of the HCT-116 cells after transfection with the miR-20a mimics or scramble or control.
(G) Overexpression of miR-20a promoted the HCT-116 cells colony formation. The relative numbers of colonies are shown in
the right. * P<0.05; ** P<0.001.
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Figure 2. FOXJ2 was predicted to be the target of miR-20a by bioinformatics analysis. (A) Venn diagram of 3 overlapping DEGs from
differentially expressed mRNAs and predicted miR-20a target genes. (B, C) GO analysis and KEGG pathway of predicted
miR-20a target genes are shown diagrammatically. (D) The heatmap of the predicted miR-20a target genes. Red: high
expression level; green: low expression level. (E) The expression level of FOXJ2 was validated according to the GEPIA
database. (F) A significant negative correlation was found between FOXJ2 and miR-20a expression.
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Figure 3. Foxj2 is a direct target gene of miR-20a in CRC cells. (A) The sequences of miR-20a binding sites within the human Foxj2
3’UTR and schematic reporter constructs. Foxj2-WT represents the reporter constructs containing the entire 3’UTR sequences
of Foxj2. Foxj2-MUT represents the reporter constructs containing mutated nucleotides. (B) Analysis of relative luciferase
activities of Foxj2-WT and Foxj2-MUT. (C) Western blot analysis showed that overexpression of miR-20a downregulated the
Foxj2 protein level in the HCT-116 cells. (D) The expression of Foxj2 protein levels in CRC tissues was established by Western
blot (representative results of 5 cases were shown). (E) gPCR analyses of Foxj2 expression in CRC and matched adjacent
normal tissues. (F) The relationship between miR-20a and Foxj2 expression was evaluated by Spearman’s correlation analysis
of CRC tissues (R?=0.476, P<0.001). * P<0.05.
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Figure 4. Effects of Foxj2 overexpression on miR-20a-mediated CRC progression. (A) MTT analysis was used to detect cell proliferation
at various time points after transfection with miR-20a mimic and Foxj2 overexpression plasmid. (B, C) Cell cycle and

cell apoptosis of HCT-116 cells transfected with miR-20a with and without Foxj2 overexpression were assessed by flow

cytometry. * P<0.05.

that the miR-20a treatment markedly inhibited Foxj2 expres-
sion at the protein level, as indicated in Figure 3C.

Additionally, we performed Western blot and qPCR assays to val-
idate the levels of Foxj2 protein and mRNA in 24 freshly collect-
ed CRC tissues and para-carcinoma tissues. Foxj2 was found to
be markedly downregulated in 18 of the 24 cases, in contrast to
the para-carcinoma tissues (P<0.05); Figure 3D shows 5 repre-
sentative pairs. In comparison with the corresponding para-car-
cinoma tissues, underexpression of Foxj2 mRNA was observed
in the CRC tissues based on gPCR analysis (P<0.05) (Figure 3E).
Furthermore, the expression of Foxj2 was negatively correlat-
ed with miR-20a expression (Figure 3F).

Foxj2 partially reversed the effects of miR-20a-mediated
CRC progression

To verify whether miR-20a exerted a biological role in CRC pro-
gression via targeting Foxj2, HCT-116 cells were collectively
transfected with miR-20a mimics and the Foxj2-overexpressed
plasmid. As represented in Figure 4A, the MTT assay indicated
that the miR-20a-mediated HCT-116 cell proliferation could be
reversed by overexpressed Foxj2. Furthermore, it was indicated
in Figure 4B that the upregulated Foxj2 expression partially al-
leviated the effects of the miR-20a-accelerated S phase and in-
duced cell cycle arrest at the G1 stage. Furthermore, Figure 4C
revealed the results of flow cytometry analysis, indicating that
the apoptosis rate of HCT-116 cells was inhibited by miR-20a

mimics and miR-20a with Foxj2-overexpressed plasmid in con-
trast to the NC group (P<0.05).

Colony formation and transwell assays revealed that the pro-
motional roles of miR-20a on cell growth, migration, and in-
vasion of HCT-116 cells could be reversed by the overexpres-
sion of Foxj2 (Figure 5A, 5B). It was demonstrated in Figure 5C
that the reversion of the impacts of miR-20a in tumor devel-
opment of HCT-116 cells in vivo. GO and KEGG enrichment
analysis results also suggested that the positively regulated
EGFR/AKT pathway induced by miR-20a could be inhibited by
the overexpression of Foxj2, indicating that the signaling path-
way proteins could serve as the downstream regulation fac-
tors of Foxj2 (Figure 5D). Overall, our results suggest that the
progression of CRC cells was promoted by miR-20a via mod-
ulating Foxj2 in vitro and in vivo.

Discussion

miR-20a is a member of the miR-17-92 group and is located in
the 13g31.1 region. Sequencing data demonstrated that the
level of miR-20a was dramatically higher in the CRC cells than
in the normal cells, suggesting that miR-20a is positively asso-
ciated with cell proliferation and colony formation. GO analysis
and KEGG pathway analysis showed that Foxj2, as the tumor
suppressor gene, targeted miR-20a in CRC. Further research
shows that there is a binding site of the 3* UTR of Foxj2 with
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Figure 5. The effects of miR-20a-promoted CRC cell proliferation, migration, and invasion were mediated by the downregulation
of Foxj2 in vitro and in vivo. (A) Colony formation assays were used to determine the effects of growth in HCT-116 cells
transfected with miR-20a with and without Foxj2 overexpression. The number of colonies was analyzed quantitatively.
(B) Cell migration and invasion were performed in HCT-116 cells transfected with miR-20a with and without Fox;j2
overexpression. Representative images of migrated and invaded cells (magnification x100) and quantification of migrated
and invaded cells per field. (C) The proliferation activity of xenograft tumors in HCT-116 cells transfected with miR-20a and
Foxj2 overexpression on the average volumes in xenograft tumors. (D) The effects of Foxj2 overexpression on the expression
of EGFR/AKT signaling pathway proteins in miR-20a-transfected HCT-116 cells were tested by Western blot analysis. * P<0.05.
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miR-20a in CRC. Analyses of miR-20a and Foxj2 protein expres-
sion levels in human CRC tissues were negatively associated
with each other. Flow cytometry analysis showed that the over-
expressed Foxj2 participates in the regulation of CRC devel-
opment by miR-20a. By decreasing the Foxj2 levels, miR-20a
facilitates the proliferation of colorectal cells, but the flow pat-
tern suggests that miR-20a/Foxj2 does not play a in apoptosis
in vivo. Further, in vitro and in vivo experiments have revealed
that overexpression of Foxj2 can effectively reverse the can-
cer-promoting effects of miR-20a. The above data broadened
the horizon for the new regulatory network targeted miR-20a
and Foxj2 in CRC, and show the specific mechanism by which
miR-20a promotes CRC.

Previous research reported that miR-20a was decreased in sev-
eral solid tumors, like breast cancer [9] and pancreatic carci-
noma [10], but miR-20a is a broadly overexpressed oncogene
in various tumors, including anaplastic thyroid cancer [11], lung
cancer [12], prostate cancer [13], esophageal squamous cell
carcinoma [14], gliomas [15], and colon adenocarcinoma [16],
suggesting that the expression and role of miR-20a vary in
different tumor types. It has been clearly indicated that the
abilities of cell proliferation, invasion, and tumor metastasis
in breast cancer cells are suppressed by overexpression of
miR-20a[17]. In contrast, miR-20a was observed to inhibit the
proliferation and metastasis of the cells of pancreatic carci-
noma via directly reducing Stat3 [10]. Other reports indicated
that overexpression of miR-20a facilitates the proliferation of
ovarian cancer cells and the migration and invasion in the cells
of cervical cancer, ovarian cancer and osteosarcoma [18-20],
implying that miR-20a acted as the onco-miR. The present
study demonstrates that miR-20a is upregulated in CRC tis-
sues, which agrees with the combined detection of TCGA and
validation of gPCR. Additionally, miR-20a increased the prolif-
eration and colony-forming ability of CRC cells. Hence, it may
be concluded that the deregulation of miR-20a functions as a
carcinogenic miRNA and is involved in the progression of CRC.
Previous studies showed the crucial effects of miRNAs on the
genesis and progression of tumors through regulating the lev-
els of target genes [21]. To verify the bioinformatics analysis for
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predicting the potential biomarkers of CRC, the screened can-
didate gene Foxj2 was further validated. Our data also proved
that Foxj2 was directly targeted to miR-20a in the CRC cells.

The genes associated with differentiation, apoptosis, prolif-
eration, metabolism, migration, and invasion were reported
to be modulated by the Forkhead box (FOX) transcription fac-
tor family [22,23]. Forkhead box j2 (Foxj2), belonging to the
Forkhead box transcription factor family [24], which exists
in several mammals and other vertebrates [25-27], is wide-
ly distributed in different organs and tissues of adults and in
fetuses. More importantly, recent studied showed that Fox;j2
may participate in tumorigenesis [28]. Fox]2 regulates the pro-
cess of cell migration and cell cycle [29,30]. For example, some
observations indicated that elevated Foxj2 inhibits cell migra-
tion and invasion of glioma and is positively associated with
E-cadherin [31]. In addition, Foxj2 may contribute to the devel-
opment of EMT via the Notch signaling pathway in non-small
cell lung cancer [32]. In the present work, integrated bioinfor-
matics analyses and experiments showed that Foxj2 serves
as a tumor inhibitor in CRC. In line with the above results, we
found that the migration and invasion of CRC is facilitated by
miR-20a via inhibiting Foxj2. These findings show the strong
correlation between miR-20a and the Foxj2 axis, which has
a significant impact on cell proliferation and tumorigenesis.

Conclusions

This is the first study to demonstrate that CRC tumorigenesis
is promoted by targeting of miR-20a with Fox;j2. Further results
on miR-20a/Foxj2 axis will offer a promising target and open
the way for new CRC molecular therapeutics. Nevertheless, it
is not clear how Fox;j2 influences CRC progression. Hence, fur-
ther studies are needed to elucidate the effects and functions
of Foxj2 in CRC cells.
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