
6467

Abstract. – OBJECTIVE: Colorectal carcinoma 
(CRC) is a common malignant tumor of the diges-
tive tract that occurs in the colon, and the inci-
dence is the third in the gastrointestinal tumor. 
Recently,  the dysregulated expression of microR-
NA-9 (miR-9) has been identified in many human 
cancers. However, the special function of miR-9 in 
the progression of colorectal carcinoma (CRC) re-
mains unknown.

PATIENTS AND METHODS: Quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR) 
was used to detect the expression of miR-9-5p 
in 72 pairs of CRC tissues and cell lines. The 
correlation between miR-9-5p expression and 
clinical features or prognosis of CRC patients 
was analyzed. In addition, we examined the 
mRNA and protein expression levels of forkhead 
box P2 (FOXP2) using Western blot analysis 
and qRT-PCR. The functions of miR-9-5p and 
FOXP2 were investigated using transwell assay 
and epithelial-mesenchymal transition (EMT). 
The relation between miR-9-5p and FOXP2 was 
confirmed by the dual-luciferase assay.

RESULTS: In this study, down-regulation of 
miR-9-5p and up-regulation of the forkhead box 
P2 (FOXP2) were detected in CRC tissues and 
cell lines. Moreover, miR-9-5p was found to 
inhibit cell metastasis and EMT in CRC. In ad-
dition, it was confirmed that miR-9-5p directly 
targeted FOXP2 in CRC. Furthermore, FOXP2 
had a carcinogenic effect on CRC. And the over-
expression of FOXP2 weakened the suppressive 
effect of miR-9-5p in CRC. Of note, we observed 
found that the low expression of miR-9-5p and 
the high expression of FOXP2 were correlated 
with poor prognosis of CRC patients.

CONCLUSIONS: MiR-9-5p suppressed cell 
metastasis and EMT through targeting FOXP2. 
Furthermore, dysregulation of miR-9-5p predict-
ed the prognosis of CRC patients. Therefore, 
miR-9-5p may be a biomarker for cell metastasis 
and a prognostic factor for CRC patients. MiR-9-
5p/FOXP2 axis will provide a new breakthrough 
in the diagnosis and treatment of CRC.
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Introduction

Colorectal carcinoma (CRC) is a common ma-
lignant tumor in the digestive tract, second only to 
gastric cancer and esophageal cancer1. In the past 
two decades, the incidence of CRC has gradually 
increased2. In particular, liver metastasis is the 
main cause of death in CRC patients. How to im-
prove the efficacy of liver metastasis has become 
one of the focuses in the field of CRC research3. 
Moreover, liver metastasis is an important factor 
affecting the prognosis of CRC patients4. Epithe-
lial-to-mesenchymal transition (EMT) associated 
with tumor recurrence plays an important role in 
tumor metastasis5. However, the regulatory mech-
anism of EMT and tumor metastasis is complex 
in CRC and needs to be further explored.

EMT is a transformation process by which epi-
thelial cells transform into mesenchymal cells, con-
ferring the ability to metastasize and invade cells6. 
EMT is also an important step in cancers and other 
pathological processes involving organ regenera-
tion, such as organ fibrosis7. In the development of 
tumors, the down-regulation of E-cadherin is con-
sidered a key step8. Previous studies have shown 
that some genes and signaling pathways can regu-
late EMT in CRC, such as Trx-1, S100P9, DCLK110, 
and Wnt/β-catenin/Snail signaling pathways11. 
Moreover, there are complex regulatory mecha-
nisms of miRNAs during the EMT process.

MicroRNAs (miRNAs) can affect correspond-
ing gene expression at the post-transcriptional level 
by specifically binding to mRNA. It is estimated 
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that miRNAs affect 30% of protein expression in 
human12. During tumor development, miRNAs can 
function as proto-oncogenes and tumor suppressor 
genes by up-regulating and down-regulating them-
selves13. For instance, miR-52214, miR-12415, miR-
13216, miR-49417, and miR-29c18 have been identi-
fied to regulate the development and progression 
of CRC. In the present work, we aimed to achieve 
the function of miR-9-5p in human CRC through 
regulating the forkhead box P2 (FOXP2). It was 
found that miR-9 expression was decreased in the 
peripheral leukocytes of Huntington’s disease19. 
Furthermore, miR-9 was found to act as a biomark-
er for the diagnosis and prognosis of the esopha-
geal squamous cell carcinoma20. These researches 
indicated that miR-9 was expressed abnormally in 
human cancer and could regulate tumorigenesis.

In this study, the expression of miR-9-5p was ex-
amined in CRC cell lines and tissues. The effects of 
miR-9-5p on tumor metastasis and EMT were ana-
lyzed. Furthermore, the interaction between miR-9-
5p and FOXP2 was explored CRC. Meanwhile, we 
also examined the relation between miR-9-5p and 
FOXP2 or the prognosis of CRC patients. 

Patients and Methods 

Clinical Tissues
Seventy-two pairs of surgical CRC specimens 

and adjacent tissues were obtained from the Liao-
cheng People’s Hospital. All of these CRC patients 
did not receive any treatment prior to surgery. 
These tissues were then frozen in liquid nitrogen 
and stored in a −80°C refrigerator for further ex-
periment. Written informed consents were ob-
tained from all participants prior to the study. This 
investigation was approved by the Ethics Commit-
tee of Liaocheng People’s Hospital. 

Cell Culture and Transfection
HT29, HCT116, SW480, SW620, and HEK293T 

cell lines were used for this investigation. These 
cell lines were purchased from the American Type 
Culture Collection (ATCC; Manassas, VA, USA). 
All of these cell lines were seeded in Dulbecco’s 
Modified Eagle’s Medium (DMEM; Gibco, Rock-
ville, MD, USA) with 10% of fetal bovine serum 
(FBS; Gibco, Rockville, MD, USA). They were 
cultured in an incubator at 37°C with 5% of CO2. 

The miR-9-5p mimic or inhibitor and FOXP2 
siRNA (si-FOXP2) were purchased from GenePh-
arma (Shanghai, China). They were then sever-
ally transferred to CRC cells with Lipofectamine 

2000 (Invitrogen, Carlsbad, CA, USA) based on 
the manufacturers’ protocols.

Quantitative Real Time-Polymerase Chain 
Reaction (qRT-PCR)

Total RNA containing miRNA was extracted 
using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA) to quantify the expression of miR-9-5p in 
CRC tissues and cell lines. Quantitative RT-PCR 
was performed on ABI 7500 Fast Real-Time PCR 
system (Applied Biosystems, Foster City, CA, USA) 
by the SYBR Green PCR Master Mix (Applied 
Biosystems, Foster City, CA, USA). U6 and glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) 
were used as controls for miR-9-5p and FOXP2. 
Finally, their expressions were calculated using 
the 2−∆∆ct method. The primers used in this study 
are listed as follows: miR-9-forward: 5’-GCTG-
GAGAACCCGTAGATCCGAT-3’; miR-9-reverse: 
5’-GTGCAGGGTCCGAGG T-3’; U6-forward: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’; 
U6-reverse: 5’-CGCTTCACGAATTTGC-
GTGTCAT-3’; FOXP2-forward: 5’-TGTGT-
CATAGGTTAGGTGGTGA -3’; FOXP2-reverse: 
5’-AGCCAATTCTTTTTGTGTTCGTG-3’; 
GAPDH-forward: 5’-AGAAGGCTGGGGCT-
CATTTG-3’, GAPDH-reverse: 5’-AGGGGC-
CATCCACAGTCTTC-3’.

Dual Luciferase Assay
The 3’-Untranslated Region (3’-UTR) of wild 

or mutant type FOXP2 was inserted into the pmir-
GLO luciferase vector (Promega, Madison, WI, 
USA) for luciferase reporter experiments. Next, the 
luciferase vector and miR-9-5p mimics were trans-
fected into HEK293T cells. After 48 h, the dual-
luciferase assay system (Promega, Madison, WI, 
USA) was used to analyze the luciferase activity. 

Transwell Assays for Cell Migration and 
Invasion

Cell migration and invasion were assessed 
using transwell chambers (8 μm pore size; Mil-
lipore, Billerica, MA, USA). First, 1 × 105 CRC 
cells without serum were placed in the upper 
chamber on the uncoated membrane. The lower 
chamber was filled with 10% of FBS to induce 
CRC cell migration or invasion. Cells were then 
placed in the upper chamber along with the coat-
ed membrane for the invasion assay. Next, these 
cells were incubated for cell migration and inva-
sion. After 24 h, the cells were stained with 0.1% 
of crystal violet. A microscope was used to count 
migrated and invading cells.
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Western Blot Analysis
Protein samples were obtained using radioim-

munoprecipitation assay (RIPA) lysis buffer (Be-
yotime, Shanghai, China). The protein was then 
separated by 10% of sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE). 
Next, the protein was transferred in polyvinyli-
dene difluoride (PVDF) membranes (Millipore, 
Billerica, MA, USA) and incubated with 5% of 
non-fat milk at room temperature. After that, we 
incubated the membrane with rabbit monoclonal 
anti-FOXP2 (1:2000; Abcam, Cambridge, MA, 
USA), rabbit monoclonal anti-GAPDH antibody 
(1:1000; Epitomics, Burlingame, CA, USA) over-
night at 4°C. The protein was incubated with goat 
polyclonal anti-rabbit IgG secondary antibody 
(1:2000; Abcam, Cambridge, MA, USA). Finally, 
protein expression levels were measured by en-
hanced chemiluminescence (ECL, Pierce, Rock-
ford, IL, USA). In addition, antibodies against 
Vimentin, E-cadherin, and N-cadherin were ob-
tained from Abcam (Cambridge, MA, USA).

Statistical Analysis
Data were analyzed by Statistical Product 

and Service Solutions (SPSS) 19.0 (IBM Corp. 
Released 2010. IBM SPSS Statistics for Win-
dows, Armonk, NY, USA) and GraphPad Prism 
6 (GraphPad Software Inc., La Jolla, CA, USA). 
The difference was calculated according to the 
Chi-squared test. The relation between miR-9-5p 
expression and survival rate was performed by 
the Kaplan-Meier method and the log-rank test. 
p<0.05 was defined as a significant difference. 

Results

The Expressions of MiR-9-5p and FOXP2 
were Detected in CRC

Primarily, mRNA expressions of miR-9-
5p and FOXP2 were measured in CRC. Results 
showed that miR-9-5p was down-regulated in 
CRC tissues and cell lines compared to the con-
trol (Figure 1A, 1B). In contrast, FOXP2 expres-

Figure 1. Expressions of miR-9-5p and FOXP2 detected in CRC. A, Expressions of miR-9-5p in CRC tissues detected via 
qRT-PCR. B, Expression of miR-9-5p in HT29, HCT116, SW480, and SW620 cells. C, Expressions of FOXP2 in CRC tissues 
detected via qRT-PCR. D, Expression of FOXP2 in HT29, HCT116, SW480, and SW620 cells. *p<0.05, **p<0.01.
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fected cells. As we expected, the miR-9-5p mimic 
significantly inhibited cell migration, while the 
cell miR-9-5p inhibitor promoted migration in 
SW620 cells (Figure 2C). The same tendency of 
cell invasion was found in SW620 cells with miR-
9-5p mimics or inhibitor (Figure 2D). Briefly, 
miR-9-5p inhibited cell metastasis and EMT in 
CRC.

MiR-9-5p Directly Targeted 
FOXP2 in CRC

The TargetScan database (http://www.targets-
can.org/) showed that FOXP2 was a target gene of 
miR-9-5p (Figure 3A). We, then, performed a du-
al-luciferase reporter assay to verify the relation 
between miR-9-5p and FOXP2. Results showed 
that miR-9-5p mimics blocked the luciferase ac-
tivity of wild-type FOXP2. However, miR-9-5p 
mimics had no effect on the mutant type FOXP2 
(Figure 3B). Additionally, we also found a neg-
ative association between miR-9-5p and FOXP2 
expressions in CRC tissues (R2=0.475, p<0.01, 
Figure 3C). Besides that, we examined the mRNA 
and protein expression levels of FOXP2 in SW620 
cells with miR-9-5p mimics or inhibitor. Results 
suggested that the overexpression of miR-9-5p 
significantly suppressed FOXP2 expression. At 
the same time, the down-regulation of miR-9-5p 
promoted FOXP2 expression in SW620 cells (Fig-
ure 3D and 3E). Therefore, it was found that miR-
9-5p directly targeted FOXP2 and was negatively 
correlated with FOXP2 in CRC. 

sion was higher in CRC tissues and cell lines than 
that in the control (Figure 1C, 1D). We then in-
vestigated the correlation between clinicopatho-
logical characteristics and miR-9-5p or FOXP2 
in CRC. Results suggested that low expression of 
miR-9-5p was correlated with tumor-node-metas-
tasis stage (TNM, p=0.014) and lymph node me-
tastasis (p=0.026), while high FOXP2 expression 
was associated with TNM stage (p=0.003) and 
lymph node metastasis (p=0.018) as well (Table 
I). These results suggested that aberrant expres-
sions of miR-9-5p and FOXP2 may be related to 
metastasis and prognosis of CRC.

MiR-9-5p Inhibited Cell Metastasis and 
EMT in CRC

MiR-9-5p mimics or inhibitor was transfected 
into SW620 cells to further investigate its role in 
CRC. Next, the expression levels of miR-9-5p were 
measured in transfected cells via qRT-PCR (Fig-
ure 2A). In addition, expressions of three mark-
ers (epithelial marker E-cadherin, mesenchymal 
marker N-cadherin, and Vimentin) in EMT were 
identified by the Western blot analysis. Notably, 
the high expression of miR-9-5p promoted E-cad-
herin expression and decreased N-cadherin and 
Vimentin expressions. Correspondingly, the op-
posite result was found in SW620 cells with miR-
9-5p inhibitor (Figure 2B). Therefore, we suspect 
that miR-9-5p has the same propensity for cell 
metastasis in CRC. The abilities of cell migration 
and invasion were then identified in these trans-

Table I. Correlation between the clinicopathologic characteristics and miR-9-5p and FOXP2 expression in CRC.

Statistical analyses were performed by the χ2-test. TNM, tumor-node-metastasis. *p<0.05 was considered significant.

Characteristics	 Number 	            miR-9-5p		  p-value	              FOXP2		  p-value
	 of cases	         		               
	 (n=72)	 High	 Low		  High	 Low
							     
Age (years)				    0.372			   0.421
    ≥ 60	 34	 14	 20		  18	 16	
    < 60	 38	 13	 25		  23	 15	
Gender				    0.573			   0.469
    Male	 37	 17	 20		  22	 15	
    Female	 35	 13	 22		  18	 17	
Tumor size (cm)				    0.72			   0.643
    ≥ 5	 40	 16	 24		  25	 15	
    < 5	 32	 16	 16		  17	 15	
TNM stage				    0.014*			   0.003**
    I + II	 52	 20	 32		  29	 23	
    III + IV	 20	 8	 12		  11	 9	
Lymph node				    0.026*			   0.018*
    No metastasis	 49	 18	 31		  29	 20	
    Metastasis	 23	 8	 15		  14	 9	
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promoted E-cadherin expression and decreased 
N-cadherin and Vimentin expressions (Figure 
4B). Besides that, we also found that FOXP2 si-
lencing suppressed migration and invasion of 
SW620 cells (Figure 4C and 4D). In summary, the 
knockdown of FOXP2 showed an inhibitory ef-
fect on cell metastasis and EMT in CRC. 

FOXP2 Functioned as 
an Oncogene in CRC

FOXP2 siRNA was transfected into SW620 
cells to investigate its effect on cell metastasis and 
EMT in CRC. The expression level of FOXP2 was 
detected by qRT-PCR in transfected cells (Figure 
4A). Regarding EMT, the knockdown of FOXP2 

Figure 2. MiR-9-5p inhibited cell metastasis and EMT in CRC. A, Expression of miR-9-5p was examined in SW620 cells 
with miR-9-5p mimics or inhibitor. B, Western blot analysis of E-cadherin, N-cadherin, and Vimentin in SW620 cells with 
miR-9-5p mimics or inhibitor. C-D, Cell migration and invasion were measured in cells with miR-9-5p mimics or inhibitor 
using transwell analysis (magnification: 40×). **p<0.01.
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effect of miR-9-5p in CRC, indicating that miR-9-
5p can inhibit cell metastasis and EMT by modu-
lating FOXP2 expression in CRC.

MiR-9-5p and FOXP2 Could Predict 
the Prognosis of CRC Patients

Finally, we analyzed the correlation between 
the survival rate of CRC patients and miR-9-5p 
or FOXP2 expressions. Kaplan-Meier survival 
curves suggested that CRC patients with high 
miR-9-5p expression had a longer overall sur-
vival (OS, p=0.0135, Figure 6A) and disease-free 

Overexpression of FOXP2 
Weakened the Suppressive Function 
of MiR-9-5p in CRC

We explored the interaction between miR-9-5p 
and FOXP2 in SW620 cells. As shown in Figure 
5A and 5B, the FOXP2 vector recovered the de-
creased expression of FOXP2,  induced by miR-
9-5p mimics in SW620 cells. Functionally, the 
FOXP2 vector was found to weaken the inhibi-
tory effect of miR-9-5p on migration and invasion 
of SW620 cells (Figure 5C and 5D). Collectively, 
upregulation of FOXP2 weakened the inhibitory 

Figure 3. MiR-9-5p directly targeted FOXP2 in CRC. A, Binding sites of miR-9-5p on the 3’-UTR of FOXP2. B, Luciferase 
reporter assay. C, Correlation between miR-9-5p and FOXP2. D-E, The mRNA and protein expressions of FOXP2 were ana-
lyzed in cells with miR-9-5p mimics or inhibitor. **p<0.01. 
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Discussion

In recent years, aberrantly expressed miR-
NAs have been found to be associated with a 
variety of biological processes in many human 
cancers. In particular, dysregulation of miR-9 
had been identified in hepatocellular carcino-
ma21, epithelial ovarian cancer22, medullary thy-
roid carcinoma23, and oral squamous cell car-
cinoma24. Moreover, it had been reported that 

survival (DFS, p=0.0085, Figure 6B). Results 
suggested that low miR-9-5p expression was cor-
related with a poor prognosis in CRC patients. 
In contrast, shorter DFS (p=0.0035) and OS 
(p=0.0019) were found in CRC patients with high 
FOXP2 expression (Figure 6C and 6D). It indicat-
ed that the high expression of FOXP2 was related 
to a poor prognosis of CRC patients. Briefly, low 
expression of miR-9-5p and high expression of 
FOXP2 predicted poor prognosis in CRC patients.

Figure 4. FOXP2 functioned as an oncogene in CRC. A, Expression of FOXP2 was measured in SW620 cells with FOXP2 
siRNA. B, Western blot analysis of E-cadherin, N-cadherin, and Vimentin in SW620 cells with FOXP2 siRNA. C-D, Cell 
migration and invasion analysis of SW620 cells with FOXP2 siRNA (magnification: 40×). **p<0.01.
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cell survival in colon cancer26. Zhu et al27 report-
ed that miR-9 could regulate cell proliferation and 
apoptosis in CRC. A follow-up study28 indicated 
that up-regulation of miR-9 was involved in the 
metastasis of CRC. Moreover, miR-9 was iden-
tified to suppress cell migration and invasion by 
downregulating TM4SF1 in CRC29. Similarly, our 
findings also suggested that miR-9-5p suppressed 
metastasis in CRC via inhibiting cell migration 

miR-9 was downregulated in colorectal cancers. 
However, the specific role of miR-9 has not been 
investigated previously25. Our research also pro-
posed that miR-9-5p expression was decreased 
in CRC. Furthermore, we found that miR-9-5p 
exerted an inhibitory effect in the tumorigenesis 
of CRC.

More importantly, dysregulation of miR-9 had 
been detected to promote proliferation and tumor 

Figure 5. Overexpression of FOXP2 weakened the suppressive effect of miR-9-5p in CRC. A-B, The mRNA and protein 
expressions of FOXP2 were measured in SW620 cells with FOXP2 vector and miR-9-5p. C-D, Cell migration and invasion in 
SW620 cells with FOXP2 vector and miR-9-5p (magnification: 40×). **p<0.01.
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the relation between FOXP2 and miR-9-5p. We 
demonstrated that miR-9-5p inhibited tumorigen-
esis of CRC by binding to FOXP2. In addition, 
FOXP2 was found to promote metastasis and 
EMT in CRC. Previous studies37,38 also demon-
strated that FOXP2 promoted invasion and me-
tastasis in human hepatocellular carcinoma and 
breast cancer cells, similar to our results. We also 
found that low expression of miR-9-5p and high 
expression of FOXP2 predicted poor prognosis in 
CRC patients, which has not been reported in pre-
vious studies. 

Conclusions

We revealed that miR-9-5p suppressed cell 
metastasis and EMT in CRC through targeting 
FOXP2. Moreover, the dysregulation of miR-9-5p 
and FOXP2 can predict the prognosis of CRC pa-
tients. MiR-9-5p/FOXP2 axis will provide a new 
breakthrough in the diagnosis and treatment of 
CRC.

and invasion. We also found that miR-9-5p inhib-
ited EMT. These results demonstrated that miR-9-
5p acted as a tumor suppressor in tumorigenesis 
of CRC.

Additionally, the effect of miRNAs on EMT 
in CRC had been reported in previous studies. 
For instance, the upregulation of miR-186-5p was 
found to inhibit cell metastasis and EMT in CRC 
by targeting ZEB130. Similarly, Hu et al31 reported 
that miR-363-3p inhibited EMT and suppressed 
metastasis in CRC by targeting Sox4. It had been 
shown that miR-9 blocked EMT in colon cancer 
cells through promoting E-cadherin32. In this 
study, miR-9-5p was also detected to suppress 
EMT through promoting E-cadherin expression. 
Besides that, we observed that FOXP2 was a di-
rect target gene of miR-9-5p. 

Forkhead box P2 (FOXP2) that shares a com-
mon DNA-binding consensus sequence with oth-
er FOXP members belongs to the forkhead box 
P family33. Many miRNAs have been reported to 
directly target FOXP2, such as miR-196b34, miR-
19035, and miR-23a36. In this study, we verified 

Figure 6. MiR-9-5p and FOXP2 could predict the prognosis of CRC patients. A-B, CRC patients with high miR-9-5p expres-
sion showed longer DSF and OS. C-D, CRC patients with low FOXP2 expression had longer DSF and OS. **p<0.01.
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