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Abstract
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Background and Aims: The FOXP transcription factor family has been shown to play an important role in
multiple cancer types. However, the function of its member FOXP4 in colorectal cancer has not reported yet.
This study was conducted to investigate the FOXP4 expression in colorectal cancer and its relationship with
clinicopathologic characteristics and prognosis of the patients, as well as its potential mechanism of action.
Methods: The FOXP4 expressions in the specimens of tumor tissue and tumor adjacent tissue from 50 colorectal
cancer patients were determined by immunohistochemical staining and RT-PCR, respectively. Based on the
GEIPA database, the FOXP4 expression in colorectal cancer tissues and its relationship with the survival rates
of the patients were analyzed. The colorectal cell lines with stable FOXP4 overexpression or knockdown were
created, and then, the changes in proliferative and migration abilities of them were examined by CCK8 and
Transwell assay. The possible target promoter for FOXP4 was predicted by using AnimalTFDB 3.0 database, the
combining ability of FOXP4 to its target promoter and the regulatory effect of FOXP4 on the corresponding
target gene were verified by ChIP assay, luciferase reporter assay, RT-PCR and Western blot analysis, respectively.
Finally, the function of the target gen was validated.

Results: The results of both analyses of the clinical specimens and GEIPA database showed that the FOXP4
expression in colorectal cancer tissue was significantly elevated, and its expression level was significantly associated
with the tumor size, degree of tumor differentiation and TNM stage of the patients, and those with high FOXP4
expression had a significant low overall survival rate (all P<0.05). The results of the CCK8 and Transwell assay
showed that the proliferative and migration abilities in colorectal cancer cells with FOXP4 overexpression were
significantly increased, while in those with low FOXP4 expression were significantly decreased (all P<0.05). The
analysis of AnimalTFDB 3.0 database showed that p-catenin promoter was the target promoter for FOXP4; ChIP
assay revealed that FOXP4 recognized the -catenin promoter region; luciferase reporter assay found that FOXP4
only recognized the wild-type p-catenin sequence; RT-PCR and Western blot analysis demonstrated that FOXP4
overexpression up-regulated both gene and protein expression levels of p-catenin. In colorectal cancer cells after
treatment with p-catenin inhibitor, the enhancing effects of FOXP4 overexpression on proliferative and migration
abilities were abolished (all P<0.05).

Conclusion: The FOXP4 expression is increased in colorectal cancer, which is closely related to the malignant
clinicopathologic features and unfavorable prognosis of the patients. FOXP4 overexpression can promote the
proliferation and migration of colorectal cancer cells probably by regulating the transcription of p-catenin. So, this
study suggests that FOXP4 play a critical role in the occurrence and development colorectal cancer, and may be
served as a potential therapeutic target for colorectal cancer.

Colorectal Neoplasms; Forkhead Transcription Factors; -Catenin; Cell Proliferation; Cell Movement
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Figure 1 Determination and analysis of FOXP4 expression in colorectal cancer

A: Immunohistochemical attaining for FOXP4

expressions in colorectal cancer tissues and adjacent tissues (X 200); B: RT-PCR detection of FOXP4 expressions in colorectal cancer

tissues and adjacent tissues; C: GEPIA database analysis of the expression level of FOXP4 in patients with rectal cancer; D: GEPIA

database analysis of the relationship between the expression level of FOXP4 and overall survival rate in patients with colorectal cancer

R 1 FOXP4 RiZEZEEMEBE MARFEFIENXER [0 (%) ]

Table 1 Relations of FOXP4 expression with the clinicopathologic characteristics of colorectal cancer patients [ (%)]
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5 (15.64)
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RE2E B AR NI R FOXP4 (3 FIK%0%; €. RT-PCR KIS B A 40 5 FOXP4 IURIRALHE; D: CCK8 il
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Figure 2 The influence of FOXP4 expression level on the proliferative ability of colorectal cancer cells A: RT-PCR detection of

FOXP4 expression levels in different colorectal cancer cell lines; B: RT-PCR detection of FOXP4 overexpression efficiency in colorectal
cancer cell lines; C: RT-PCR detection of FOXP4 knockdown efficiency in colorectal cancer cell lines; D: CCK8 detection of the
effect of FOXP4 overexpression on the proliferation of LOVO cells; E: CCK8 detection of the effect of FOXP4 overexpression on
the proliferation of SW48 cells; F: CCK8 detection of the effect of FOXP4 knockdown on the proliferation of SW480 cells; G: CCK8
detection of the effect of FOXP4 knockdown on the proliferation of SW480 cells

2.3 FOXP4 Rt & H MM BEE N M ATSW 4840 My 1Y 1T A2 RE Jy W W4 hn (¥P<0.01)
PE— TR OX PAXT 45 1 9w 40 i 3T B fig (KI3A-D) ; FOXP4RIE G, SW4S0MHCTI1641
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G-H: Tranwell £zl FOXP4 Eii)is, HCT116 AR fE ST

Figure 3 The effect of FOXP4 expression level on the migration ability of colorectal cancer cells

A-B: Tranwell assay for the migration
ability of LOVO cells after FOXP4 overexpression; C-D: Tranwell assay for the migration ability of SW48 cells after FOXP4 overexpression;

E-F: Tranwell assay for the migration ability of SW480 cells after FOXP4 knockdown; G-H: Tranwell assay for the migration ability of
HCT116 cells after FOXP4 knockdown
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L pogiel
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W FOXP4

LOVO SW48
AL FOXP4 XTHEZL  FOXP4

FOXP4 | s -

P<0.01
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—90~83 of promoter

WT
GTAAACA Luc

Mut 3 -actenin M
GTAAACA Luc -

D GAPDH

il

L Pogitiiy
W FOXP4

X IR
W FOXP4

4 FOXP4 Xt P -catenin % 7k 1 250
FOXP4 5 B -catenin FUAH HAEH; C: RT-PCR £ FOXP4 2L Fik X} B -catenin A mRNA /KEAY5EM; D: BpA LI,
GEALHIY) B -catenin Ji} 8T YR MEHR S TR A9 L, E-F: Western blot K:illl FOXP4 i 355 %) B -catenin [ 25 (7K
R s G-H: PEIERMHR A SLHAIN FOXP4 XHHFA Y LUK SR AU B -catenin 553 P 1 50

A: AnimalTFDB3.0 predicting the FOXP4 binding to the promoter sequence

of B-catenin; B: ChIP verification of the interaction between FOXP4 and f-catenin; C: RT-PCR detection of the effect of FOXP4

overexpression on the mRNA expression level of B-catenin; D: Construction of luciferase reporter plasmids of wild and mutant type

A: AnimalTFDB 3.0 Tl FOXP4 454 B -catenin i 21 )J¥51; B: ChIP %E

Figure 4 Effect of FOXP4 on B-catenin transcription level

of B-catenin promoter; E-F: Western blot analysis of the effect of FOXP4 overexpression on protein expression level of B-catenin;

G-H: Luciferase report assay for influence of FOXP4 on transcriptional activities of the wild and mutant type of $-catenin
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FOXP4JT 5| 2 1Y 45 H 1 s 240 i 3 56 1 7% 66 ) 19 428 B B -catenindi 5§ T FOXPAXT 45 1 i 98 40 g 1) 91 5

fb, ffH B -cateninf il FIXAV-9394b B b F ik fEH -

FOXPAMZE E i ai e, 45 R WoR, FOXP4id

—0— xR
——FOXP4
A FOXP4+XAV-939

—0— xR
——FOXP4
A FOXP4+XAV-939

X HR 2L FOXP4 FOXP4+XAV-939

X e ZH FOXP4 FOXP4+XAV-939

5 ZHEFEMMTR p-catenin 5 FOXP4 BIE % A: CCK8 Kl B -catenin 1 # 37 %F SW48 41 Jift 184 4 6% 7 (1 52 il 5
B: CCKS8 & B -catenin PRI LOVO 4385 GE T a0 ; C=D: Transwell ¥ B -catenin PRI % SW48 4 il 1T
e IR ; E-F: Transwell £l B -catenin 1 711%] LOVO AHAEIEFLfE J) 520

Figure 5 Relationship between B-catenin and FOXP4 in colorectal cancer cells A: CCK8 assay for the effect of B-catenin inhibitor on

the proliferation of SW48 cells; B: CCKS8 assay for the proliferation of LOVO cells; C-D: Transwell assay for the effect of p-catenin
inhibitor on migration ability of SW48 cells; E-F: Transwell assay for the effect of B-catenin inhibitor on migration ability of LOVO

cells
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