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Abstract
Background: Renal clear cell carcinoma (ccRCC) is one of the most common malignant tumors, and its
incidence is increasing year by year. IRF6 plays an important role in the occurrence of tumors, but the
expression of IRF6 in ccRCC has not been reported so far.

Methods: The expression of IRF6 and KIF20A in ccRCC was predicted by GEPIA and HAP database. In
addition, the GEPIA database predicted the relationship between the expression of IRF6 and KIF20A and
the pathological staging, overall survival, and disease-free survival of ccRCC. The possible binding sites
of IRF6 and KIF20A promoters were predicted by JASPAR database and veri�ed by luciferase and ChIP
experiments. The speci�c effects of IRF6 on proliferation invasion and apoptosis of ccRCC were
subsequently examined at the cellular level. The expression of IRF6 and KIF20A in ccRCC cell lines was
detected by RT-qPCR and western blot. Cell transfection techniques were used to construct IRF6 and
KIF20A overexpressed or interfering plasmids. CCK-8 and clone formation assays were used to detect cell
activity. Apoptosis was detected by TUNEL assay. Wound healing and Transwell assays detected the
ability of cell migration and invasion, respectively.

Results: The database predicted that IRF6 expression was down-regulated in renal carcinoma tissues and
correlated with poor prognosis. Cell experiments showed that overexpression of IRF6 inhibited
proliferation, invasion and migration of ccRCC. In addition, the database predicted that KIF20A was up-
regulated in renal carcinoma tissues and associated with prognosis, and cell experiments demonstrated
that interference with KIF20A inhibited proliferation, invasion, and migration of ccRCC. Finally, we
con�rmed that KIF20A is a functional target of IRF6, and KIF20A partially reverses the effects of IRF6 on
the proliferation, invasion and migration of ccRCC.

Conclusion: Inhibition of KIF20A by transcription factor IRF6 affects the cell proliferation, invasion,
migration of renal clear cell carcinoma.

Introduction
Renal cell carcinoma, also known as kidney cancer, is one of the top ten cancers in the world, with its
incidence accounting for 2% of the total number of cancers worldwide and showing an increasing trend
year by year (1). Clear cell carcinoma of kidney (ccRCC) originated from proximal renal tubular cells is the
most common renal carcinoma, accounting for 70%~80% of renal carcinoma (2). In the early stage of
ccRCC, there are basically no symptoms (3). Therefore, more and more researches focus on exploring the
key molecules for the diagnosis and treatment of clear cell carcinoma of the kidney.

Interferon Regulatory Factor 6 (IRF6) is an important member of the interferon regulatory factor family.
The expression product of IRF6 is transcription factor, which can regulate cell proliferation, cycle and
differentiation (4–6). IRF6 plays an important role in tumor genesis and inhibition. Study has shown that
IRF6 expression is down-regulated in gastric cancer and is associated with poor prognosis, which may be
caused by overexpression of ZEB1 and DNA methylation of IRF6 promoter (7). IRF6 is down-regulated in
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highly metastatic nasopharyngeal carcinoma cells, and the increased expression of IRF6 inhibits cell
proliferation, growth, and tumor stem cell dryness, and enhances the chemotherapeutic sensitivity of the
cells (8). The expression of IRF6 in ccRCC has not been reported.

The binding sites of IRF6 and KIF20A were predicted by JASPAR2020 database. Through TCGA database
mining, Wei et al. found that KIF20A was up-regulated in ccRCC tissues, and its expression was
signi�cantly correlated with overall survival rate and relapse-free survival rate, and it was the hub gene
associated with metastasis (9). Six hub genes (CCNB2, CDC20, CEP55, KIF20A, TOP2A and UBE2C) of
ccRCC were identi�ed through the co-expression network of GSE40435 and GSE53757 database and PPI,
which were highly correlated with pathological stage and poor prognosis (10). GSE53757 database
showed that KIF20A was highly expressed in ccRCC and signi�cantly correlated with prognosis. PCR
assay was used to detect the expression pro�le of 44 patients with ccRCC and the signi�cant
upregulation of KIF20A was veri�ed (11). However, none of these studies functionally veri�ed the role of
KIF20A overexpression and knockout in ccRCC.

So in our article, we investigated the role and mechanism of IRF6 in the malignant progression of ccRCC
through database analysis and in vitro and in vivo experimental veri�cation.

Materials And Methods
Database selection and analysis

We used the databases: Gene Expression Pro�ling Interactive Analysis (GEPIA: http://gepia.cancer-
pku.cn) to perform validation of cancer speci�c expression and prognosis of the IRF6 genes and KIF20A
genes ( 28407145 ) .

In addition, in the light of the expression of Hub genes and its relationship with pathological stage of
tumor in GEPIA, one-way ANOVA statistical analysis was used. The overall survival (OS) and disease free
survival analyses of the hub genes were performed using the Mantel-Cox test survival method in GEPIA.

We used the databases: The Human Protein Atlas (HPA: http://www.proteinatlas.org/) to perform the
expression of IRF6 and KIF20A in renal carcinoma tissues.

We used the JASPAR database (http://www.jaspar.genereg.net)) to predict the possible binding sites of
the IRF6 and KIF20A promoters.

Animals

6 healthy female BALB/C nude mice aged 6-8 weeks were selected from Animal Experimental Center. All
animal experiments in the present study were approved by the Ethics Committee of The second a�liated
hospital of soochow university. All methods were performed in accordance with the United States Public
Health Services Guide for the Care and Use of Laboratory Animals, and all efforts were made to minimize
the suffering and number of animals used in the present study. The nude mice were raised in SPF

http://gepia.cancer-pku.cn/
http://jaspar.genereg.net/
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conditions. 786-O cells at logarithmic growth stage were inoculated subcutaneously at the right back near
the upper limb of nude mice by 6 × 107 unit/ml. Mice were treated for 4 weeks for modeling.

Cell culture

Renal tubular epithelial cell HK2 cell and renal clear cell carcinoma cell line OS-RC-2, 769-P, CaKi-1, UM-
RC-2 and 786-O were purchased from the Cell Resource Center of Shanghai Institutes for Biological
Sciences (Chinese Academy of Sciences, Shanghai, China). Cells were cultured in RPMI1640 medium
containing 10% fetal bovine serum (FBS), and 100μg/ml streptomycin at 37°C with 5% CO2 in a humid
incubator.

RT-qPCR

Total RNA was extracted from the cells using TRIzol reagent (Invitrogen, Waltham, Massachusetts). The
PrimerScript Real-time reagent kit (TaKaRa, Kusatsu, Shiga, Japan) was performed for total RNA reverse
transcription, and then SYBR Premix Ex TaqTM II (TaKaRa, Japan) was used for the quantitation analysis
of the expression of IRF6 and KIF20A. We designed the stem-loop with IRF6 and KIF20A sequence (which
was used to the primer of reverse transcription) and used stem-loop to complete reverse transcription.
The primer sequences for primer source were performed as follows: IRF6: Forward: 5’
CAAAACTGAACCCCTGGAGATGGA 3’ Reverse: 5’- CCACGGTACTGAAAC TTGATGTCC-3’; KIF20A: Forward:
5′-TGCTGTCCGATGACGATGTC-3′ Reverse: 5′-AGGTTCTTGCGTACCACAGAC-3′; GAPDH: Forward: 5′-
AGGTTCTTGCGTACCACAGAC-3′ Reverse: 5′-GCCATCACGCCACAGTTTC-3′.

Western blot

Lysis buffer (Sigma, USA) was added to the cells to isolate total protein. The concentration of protein was
determined using a bicinchoninic acid assay protein assay kit. Proteins (25 μg/lane) were separated by
SDS-10% polyacrylamide gel (Bio-Rad, Hercules, CA) and transferred to membrane of polyvinylidene
�uoride (Thermo Fisher Scienti�c, Waltham, MA). Membranes were then blocked with 5% milk in Tris-
buffered saline/Tween-20 for 1 h at room temperature, and then probed overnight at 4°C with the
following primary antibodies: anti-IRF6 (1:1000; ab123880; Abcam, Cambridge, MA), anti- KIF20A (1:1000;
ab7091; Abcam, Cambridge, MA) (Santa Cruz Biotechnology, Santa Cruz, CA), and anti-GAPDH (ab75478;
Abcam, Cambridge, MA). After washing, blots were incubated with the appropriate HRP-conjugated
secondary antibody for 2 h at room temperature. Proteins were detected with the enhanced
chemiluminescence detection system (Thermo Fisher Scienti�c, Waltham, MA). The protein bands were
visualized using the ChemiDoc XRS System (Bio-Rad), and Image J software were used to detect the
blots.

Cell transfection

Overexpression (Oe)-IRF6, Oe-KIF20A, shRNA-IRF6, shRNA-KIF20A and the negative control (NC) were
synthesized by GenePharma Co. (Shanghai, China). . All cell transfections were conducted by

https://www-sciencedirect-com.silk.library.umass.edu/topics/medicine-and-dentistry/genetic-transfection
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using Lipofectamine 3000 reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s protocol.

CCK-8

786-O cells (1×105) were inoculated into 96-well plates. The cells were treated accordingly and at 24, 48
and 72 h time intervals post-transfection, 10 µl CCK-8 solution (Beyotime Institute of Biotechnology) was
added to each well, and the plates were then incubated for 48 h at 37°C. Optical density (OD) values at
450 nm were determined using an ELx808 absorbance microplate reader (BioTek Instruments, Inc.,
Winooski, VT, USA).

Colony formation assays

786-O cells (1×106) were inoculated into 6-well plates and transfected for 48 h. Then, the cells were
cultured for 14 d at 37°C. After this, cells were stained with 10% Giemsa (Merck, Germany) for 30 min.
Colonies containing ≥50 cells were counted under a microscope (Olympus, Japan). Each experiment was
repeated three times.

TUNEL Staining

For TUNEL staining, 786-O cells (1×106) were inoculated into 6-well plates and transfected for 48 h. Cells
were �xed in freshly prepared 4 % methanol-free formaldehyde solution in PBS for 20 min at room
temperature and permeabilized with 0.2 % Triton X-100 for 5 min. 786-O cells were labeled with
�uorescein TUNEL reagent mixture for 60 min at 37 °C according to the manufacturer’s suggested
protocol. After that, slides were examined by �uorescence microscopy and the number of TUNEL-positive
(apoptotic) cells was counted. DAPI was used to stain nucleus.

Wound healing

786-O cells (1×106) were inoculated into 6-well plates and transfected for 48 h. A wound was created by
using a 100 µL pipette tip on the cell monolayer and images were taken at 0 h and 24 h to calculate the %
of wound healing.

Transwell

The treated cells were inoculated into the upper chamber of 24-well Transwell chamber at the density of
2*105 cell/well. Matrigel glue was laid on the upper chamber and the culture medium with a volume of
600μL containing 10% FBS was added to the lower chamber. After 24 hours of incubation, carefully
remove the Transwell chamber and �x it for 20 minutes with 4% polyformaldehyde solution. Then wash it
with PBS solution, and wipe out the cells on the surface of the chamber with cotton swabs to crystallize.
After purple staining, microscopic observation was carried out. Select six visual �elds of each group to
photograph and count, and calculate an average. The experiment was repeated independently for three
times.

https://www-sciencedirect-com.silk.library.umass.edu/topics/medicine-and-dentistry/lipofectamine
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Luciferase assay

The luciferase activity was measured using a plate reader (BD bioscience), and normalized to the
transfection e�ciency by using a Renilla luciferase activity kit (pRL-TK). All procedures followed the
manufacturers’ instructions. All plasmids were constructed by Life Technologies Corporation (Carlsbad,
CA).

Chromatin immunoprecipitation assay (ChIP)

Chromatin immunoprecipitation (ChIP) was carried out with a Magna Chromatin Immunoprecipitation kit
(Millipore, Darmstadt, Germany). Immunoprecipitation was performed with anti-IRF6 antibody. The �nal
puri�ed DNA fragment was subjected to PCR analysis using Hot-Start Taq DNA polymerase (TaKaRa,
Dalian, China; 32 cycles). PCR products were analyzed using gel electrophoresis. ChIP data were shown
as the percentage of the input normalized to control puri�cations.

Immunohistochemical (IHC)

Xenograft tumors were collected and performed on para�n-embedded sections. 4 μm-thick sections were
depara�nized, rehydrated and then immersed with 3% hydrogen peroxide for 10 min to quench
endogenous peroxidase and labeled with antibodies at 4 °C overnight. The slides were stained with the
secondary streptavidin-horseradish peroxidase-conjugated antibody (Santa Cruz Biotech, Santa Cruz, CA)
for 1 h. The slides were then counterstained with hematoxylin for 30s and cover slipped.

Statistical analysis

Statistical calculations were performed using SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA). The
data are presented as the mean ± standard deviation from at least three independent experiments.
Statistical analysis was performed by one-way ANOVA. P<0.05 was considered to indicate a statistically
signi�cant difference.

Results
Expression of IRF6 in renal carcinoma tissues and its relationship with prognosis

Through GEPIA database, we predict the expression of IRF6 in the tissues of patients with Kidney
Chromophobe (KICH), Kidney renal clear cell carcinoma (KIRC), and Kidney renal papillatory cell
carcinoma (KIRP).The expression of IRF6 was signi�cantly decreased in KIRC patients (Fig. 1A). The HPA
database results showed that the IHC results of IRF6 in renal carcinoma were negative (Fig. 1B). In
addition, based on GEPIA data, we investigated that IRF6 expression was highly correlated with the
pathological stage of renal clear cell carcinoma (Fig. 1C). As the tumor progression always affected the
tumor prognosis, we also investigated the roles of IRF6 in ccRCC prognosis including overall survival time
and disease free survival time. We found a shorter overall survival time (Fig. 1D) and disease-free survival
time in patients with lower expression levels of IRF6 (Fig. 1E).
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Overexpression of IRF6 inhibits proliferation, invasion and migration of ccRCC cells

We then validated our prediction at the cellular level. The results showed that the expression of IRF6 was
signi�cantly decreased in ccRCC cell lines (Fig. 2A and B). We selected 786-O cells for subsequent
experiments. Cell transfection assay were used to interfere with IRF6 expression and overexpress IRF6. As
shown in Fig. 2C and D, shRNA-IRF6 #2 had a better interference effect, so shRNA-IRF6 #2 was selected
for subsequent experiments. The expression of IRF6 in cells increased signi�cantly after overexpression
of IRF6, indicating successful construction of overexpressed plasmid. We divided the cells into control,
shRNA-NC, shRNA-IRF6, Oe-NC and Oe-IRF6. Cell proliferation was detected, and we found that the cell
proliferation ability was signi�cantly increased after the interference of IRF6 expression, while decreased
after the overexpression of IRF6 (Fig. 3A and B). Apoptosis was detected by TUNEL assay, and the results
showed that apoptosis was decreased in the shRNA-IRF6 group compared with the shRNA-NC group.
Compared with the Oe-NC group, the apoptosis rate of the Oe-IRF6 group was increased (Fig. 3C). The
results of wound healing experiment showed that after the interference of IRF6 expression, the cell
migration ability was signi�cantly increased. After the overexpression of IRF6, the cell migration ability
was decreased (Fig. 4A and C). Transwell results showed the same trend with the result of wound healing
experiment (Fig. 4B and D).

Expression of KIF20A in renal carcinoma tissues and its relationship with prognosis

Through the GEPIA database, we predicted the expression of KIF20A in the tissues of KICH, KIRC and
KIRP patients, and the results were shown in Fig. 5A. The expression of KIF20A was signi�cantly
increased in KIRC patient tissues. HPA database results showed that KIF20A was highly expressed in
renal cancer tissues (Fig. 5B). In addition, based on GEPIA data, we investigated that KIF20A expression
was highly correlated with the pathological stage of renal clear cell carcinoma (Fig. 5C). We also
investigated the roles of KIF20A in ccRCC prognosis including overall survival time and disease free
survival time. We found a shorter overall survival time (Fig. 5D) and disease-free survival time in patients
with higher expression levels of KIF20A (Fig. 5E).

Interference with KIF20A inhibits proliferation, invasion and migration of ccRCC cells

Our results showed that KIF20A was signi�cantly increased in ccRCC cell lines (Fig. 6A and B). Cell
transfection was used to disrupt KIF20A expression and construct KIF20A overexpressed plasmid. The
transfection e�ciency was detected by RT-qPCR and western blot. The interference effect of shRNA-
KIF20A #2 was better, so shRNA-KIF20A #2 was selected for subsequent experiments. In addition, the
expression of KIF20A in cells increased signi�cantly after overexpression of KIF20A, indicating
successful construction of the overexpressed plasmid (Fig. 6C and D). We divided the cells into control,
shRNA-NC, shRNA-KIF20A, Oe-NC and Oe-KIF20A. Cell proliferation was detected, and we found that the
cell proliferation ability decreased signi�cantly after interfering of KIF20A expression, while the cell
proliferation ability increased after the over-expression of KIF20A (Fig. 7A and B). Apoptosis was detected
by TUNEL assay. Compared with the shRNA-NC, apoptosis was increased in the shRNA-KIf20A group.
Compared with the Oe-NC, the apoptosis rate of the Oe-IRF6 group was decreased (Fig. 7C). The results of
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wound healing (Fig. 8A and C) and transwell (Fig. 8B and D) showed that the cell migration and invasion
decreased signi�cantly after interfering of KIF20A, while increased after the over-expression of KIF20A.

KIF20A partially reverses the effects of IRF6 on the proliferation, invasion and migration of ccRCC cells

We used JASPAR database to predict that IRF6 and KIF20A promoters had binding sites (S1 and S2)
(Fig. 9A). In addition, the GEPIA database showed that the expression level of IRF6 and KIF20A was
highly correlated in KIRC (Fig. 9B). The expression of KIF20A in cells was signi�cantly increased after
interference with IRF6, while the expression of KIF20A was reversed after overexpression of IRF6 (FigC
and D). Luciferase was used to detect the transcriptional activity of KIF20A promoter mutant in ccRCC
cells (Fig. 9E). Finally, ChIP experiment veri�ed the combination of IRF6 and KIF20A promoter (Fig. 9F).
The above experimental results indicate that KIF20A is a functional target of IRF6.

We divided the cells into groups of shRNA-NC, shRNA-IRF6, shRNA-IRF6 + shRNA-NC and shRNA-IRF6 + 
shRNA-KIF20A and Oe-NC, Oe-IRF6, Oe-IRF6 + Oe-NC and Oe-IRF6 + Oe-KIF20A. We found that the
expression of KIF20A increased after IRF6 interference, and the expression of KIF20A was reversed after
further inhibition (Fig. 10A and B). After the overexpression of IRF6, the expression of KIF20A decreased,
and after the further overexpression of KIF20A, the expression of KIF20A in the cells was reversed
(Fig. 10C and D). We found that after IRF6 expression was interfered, the expression of KIF20A in cells
was increased, cell viability was increased (Fig. 11A), cell proliferation ability was increased (Fig. 11B),
apoptosis rate was decreased (Fig. 11C), cell migration ability and invasion ability (Fig. 12A) were
increased. Further down-regulation of KIF20A expression in cells can inhibit cell proliferation, invasion
and migration (Fig. 12B), and promote cell apoptosis. After the overexpression of IRF6, the expression of
KIF20A in the cells decreased, and the cell viability decreased, cell proliferation ability decreased,
migration and invasion ability decreased (Fig. 12B), and apoptosis rate increased. Further upregulation of
KIF20A expression in cells can reverse these phenomena.

Overexpression of IRF6 inhibits the growth and metastasis of ccRCC in vivo

Mice were weighed and photographed before treatment (Fig. 13A). Then we stripped the tumor of the
mice and weighed it, took pictures, and measured the tumor volume, as shown in Fig. 13B. we found that
the tumor weight and volume decreased after the overexpression of IRF6. The expression of IRF6 and
KIF20A in tumor tissues was detected by RT-QPCR (Fig. 13C) and western blot (Fig. 13D). After the
overexpression of IRF6, the expression of IRF6 in tumor tissues increased, while the expression of KIF20A
decreased. In addition, the expression of Ki67 was detected by IHC, and compared with Oe-NC, the
expression of Ki67 in the Oe-IRF6 group was signi�cantly decreased (Fig. 13E), indicating that the
overexpression of IRF6 inhibited the proliferation of tumor cells in tumor-bearing mice.

Discussion
At present, molecular markers of renal clear cell carcinoma mainly include hypoxia-inducing factors HIF
(12) and P53 (13), etc., but these molecular markers have certain limitations and cannot be widely used in
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clinical practice. Therefore, �nding new molecular markers can contribute to the early diagnosis and
treatment of ccRCC.

IRF6 regulates craniofacial development and epidermal hyperplasia (5). In recent years, abnormal
expression of IRF6 has been proved to cause a variety of diseases and regulate various physiological and
biochemical processes (14). IRF6 plays an important role in the development of tumors. Down-regulation
of IRF6 expression can inhibit the differentiation of primary human keratinocytes in vivo and in vitro, and
promote the formation of RAS induced tumor (15). Martha L et al. showed that IRF6 was negatively
associated with colorectal cancer risk and survival (16). However, the expression of IRF6 in ccRCC and its
relationship with cancer prognosis have not been reported. In our paper, we found that IRF6 was
signi�cantly down-regulated in ccRCC tissues through GEPIA and HAP database. In addition, our basic
experiments veri�ed that IRF6 was down-regulated in ccRCC mice, and its expression was also
signi�cantly down-regulated in ccRCC cell lines.

Study has shown that IRF6 can be used as the downstream of Notch signaling pathway to regulate the
proliferation and transformation of breast cancer cells, and can be used as a potential susceptibility
marker of breast cancer (17, 18). In cutaneous squamous cell carcinoma, the expression of IRF6 is
signi�cantly decreased, and down-regulation of IRF6 can promote the invasion and growth of cancer cells
(19). These results indicate that IRF6 can inhibit the proliferation, invasion and migration of tumor cells in
a variety of tumors. In our paper, we also demonstrated that overexpression of IRF6 can signi�cantly
inhibit cell proliferation, invasion and migration, and promote apoptosis in ccRCC.

JASPAR predicts that IRF6 can target KIF20A. We also veri�ed through relevant experiments that IRF6 can
directly bind to the KIF20A promoter to regulate KIF20A expression. KIF20A is a member of Kinesin6
family, involved in key cell functions including intracellular activity of organelles and vesicles, spindle
formation and cytokinesis (20). The expression and activity participate of KIF20A in the regulation of
intracellular transport and cell division, and it plays an important role in the occurrence and development
of cancer (21). In our study, we found that the expression of KIF20A was signi�cantly increased in ccRCC,
and interfering KIF20A can inhibit the proliferation, invasion and migration of cells. In addition, KIF20A
can partially reverse the effects of IRF6 on the proliferation, invasion and migration of ccRCC cells.

Through the GEPIA, HAP and other databases, we found that the expression of IRF6 and KIF20A in ccRCC
was signi�cantly correlated with the pathological stage and overall survival rate of renal carcinoma
patients. These results suggest that IRF6 and KIF20A are prognostic markers for poor survival in ccRCC
patients.

Conclusion
In this paper, we demonstrate that the transcription factor IRF6 inhibits the expression of KIF20A and thus
affects the proliferation, invasion, and apoptosis of ccRCC.
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Figure 1

Expression of IRF6 in renal carcinoma tissues and its relationship with prognosis. A Validation of the
gene expression levels of IRF6 between normal kidney and ccRCC samples based on TCGA data in
GEPIA. . C. Validation of the correlation between the expression levels of IRF6 and the pathologic stage of
ccRCC. D. Overall survival analysis of IRF6 in ccRCC (based on TCGA data in GEPIA). E. Disease free
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survival analysis of IRF6 in ccRCC (based on TCGA data in GEPIA). Red line represented the samples with
gene highly expressed and blue line was for the samples with gene lowly expressed. HR: hazard ratio.

Figure 2

Expression of IRF6 in lung cancer cell lines. A. RT-qPCR detected the expression of IRF6 in different lung
cancer cell lines. B. Western blot detected the expression of IRF6 in different lung cancer cell lines.
*P<0.05, ***P<0.001 vs HK2. C. The expression of IRF6 in cells was detected by RT-qPCR after cell
transfection. D. The expression of IRF6 in cells was detected by western blot after cell transfection.
*P<0.05, **P<0.01, ***P<0.001 vs shRNA-NC. ## P<0.01, ### P<0.001 vs Oe-NC.
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Figure 3

Overexpression of IRF6 inhibits proliferation of ccRCC cells. A. CCK-8 detected the cell viability. B. Clone
formation assay detected the cell reproductive capacity. C. TUNEL assay detected the apoptosis of cells.
*P<0.05, ***P<0.001 vs shRNA-NC. ### P<0.001 vs Oe-NC.
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Figure 4

Overexpression of IRF6 inhibits invasion and migration of ccRCC cells. A. Wound healing detected the cell
migration ability. B. Transwell detected the cell invasion ability. C. Statistical chart of cell mobility. D.
Statistical chart of cell invasion. ***P<0.001 vs shRNA-NC. # P<0.05, ## P<0.01 vs Oe-NC.
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Figure 5

Expression of KIF20A in renal carcinoma tissues and its relationship with prognosis. A. Validation of the
gene expression levels of KIF20A between normal kidney and ccRCC samples based on TCGA data in
GEPIA. B. IHC staining of KIF20A expression in lung cancer tissues and in normal lung tissue. C.
Validation of the correlation between the expression levels of KIF20A and the pathologic stage of ccRCC.
D. Overall survival analysis of KIF20A in ccRCC (based on TCGA data in GEPIA). E. Disease free survival
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analysis of KIF20A in ccRCC (based on TCGA data in GEPIA). Red line represented the samples with gene
highly expressed and blue line was for the samples with gene lowly expressed. HR: hazard ratio.

Figure 6

Expression of KIF20A in lung cancer cell lines. A. RT-qPCR detected the expression of KIF20A in different
lung cancer cell lines. B. Western blot detected the expression of KIF20A in different lung cancer cell lines.
*P<0.05, ***P<0.001 vs HK2. C. The expression of IRF6 in cells was detected by RT-qPCR after cell
transfection. D. The expression of KIF20A in cells was detected by western blot after cell transfection.
*P<0.05, **P<0.01, ***P<0.001 vs shRNA-NC. ## P<0.01, ### P<0.001 vs Oe-NC.
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Figure 7

Interference with KIF20A inhibits proliferation of ccRCC cells. A. CCK-8 detected the cell viability. B. Clone
formation assay detected the cell reproductive capacity. C. TUNEL assay detected the apoptosis of cells.
*P<0.05, ***P<0.001 vs shRNA-NC. # P<0.05, ## P<0.01, ### P<0.001 vs Oe-NC.
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Figure 8

Overexpression of KIF20A inhibits invasion and migration of ccRCC cells. A. Wound healing detected the
cell migration ability. B. Transwell detected the cell invasion ability. C. Statistical chart of cell mobility. D.
Statistical chart of cell invasion. ***P<0.001 vs shRNA-NC. ### P<0.001 vs Oe-NC.
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Figure 9

IRF6 directly binds to the KIF20A promoter to regulate KIF20A expression. A. JASPAR database predicts
binding sites between IRF6 and KIF20A. B. Correlation between IRF6 and KIF20A expression in ccRCC. C.
RT-qPCR detected the expression of KIF20A. D. Western blot detected the expression of KIF20A. **P<0.01,
***P<0.001 vs shRNA-NC. ### P<0.001 vs Oe-NC. E. Luciferase was used to detect the transcriptional
activity of KIF20A promoter mutant in ccRCC cells. *P<0.05 vs KIF20A-WT+Oe-IRF6. F. ChIP veri�ed that
IRF6 binds to the KIF20A promoter. ***P<0.001 vs Input. ### P<0.001 vs IgG.
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Figure 10

Expression of KIF20A after cell transfection. A. RT-qPCR detected the expression of KIF20A after inhibition
of IRF6 and KIF20A expression. B. Western blot detected the expression of KIF20A after inhibition of IRF6
and KIF20A expression. *P<0.05, ***P<0.001 vs shRNA-NC. #P<0.05, ###P<0.001 vs shRNA-IRF6 +
shRNA-NC. C. RT-qPCR detected the expression of KIF20A after overexpression of IRF6 and KIF20A. D.
Western blot detected the expression of KIF20A after overexpression of IRF6 and KIF20A. ***P<0.001 vs
Oe-NC. ### P<0.001 vs Oe-IRF6 + Oe-NC.
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Figure 11

KIF20A partially reverses the effects of IRF6 on the proliferation of ccRCC cells. A. CCK-8 detected the cell
viability. B. Clone formation assay detected the cell reproductive capacity. C. TUNEL assay detected the
apoptosis of cells. *P<0.05, ***P<0.001 vs Oe-NC. ##P<0.01, ### P<0.001 vs Oe-IRF6 + Oe-NC.
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Figure 12

KIF20A partially reverses the effects of IRF6 on the invasion and migration of ccRCC cells. A. Wound
healing detected the cell migration ability. B. Transwell detected the cell invasion ability. **P<0.01,
***P<0.001 vs Oe-NC. #P<0.05, ##P<0.01, ### P<0.001 vs Oe-IRF6 + Oe-NC.
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Figure 13

Overexpression of IRF6 inhibits the growth and metastasis of ccRCC in vivo. A. Mice were weighed and
photographed before treatment. B. The weight and volume of tumor tissue. C. RT-qPCR detected the
expression of IRF6. D. Western blot detected the expression of IRF6. E. The expression of ki-67 in tumor
tissues was detected by IHC.


