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Abstract. Clear cell renal cell carcinoma (ccRCC) is a 
primary pathological subtype of RCC and has poor clinical 
outcome. Krüppel‑like factors (KLFs), which are zinc‑finger 
proteins, may be involved in ccRCC development and progres‑
sion. KLFs belong to the zinc‑finger family of DNA‑binding 
transcription factors and regulate transcription of downstream 
target genes. KLFs are involved in cancer development. The 
present study aimed to investigate the role of KLFs in ccRCC 
prognosis. The Cancer Genome Atlas database and multifac‑
torial analysis showed that KLFs were widely expressed in 
pan‑cancers and KLF2 was an independent protective factor 
for ccRCC prognosis. Patients with low KLF2 expression 
had a low survival probability and expression of KLF2 was 
downregulated in patients with ccRCC with high pathological 
grade (II + III vs. I). In addition, western blot and reverse tran‑
scription‑quantitative PCR revealed that KLF2 was expressed 
at low levels in ccRCC cell lines and overexpression of KLF2 
inhibited cell migration. In addition, KLF2 expression was 
negatively correlated with methylation. KLF2 expression 
was elevated following treatment of ccRCC cells with DNA 
methyltransferase inhibitor. A prognostic risk index prediction 
model was constructed based on multiple Cox regression. The 

receiver operating characteristic curve was 0.780 (area under 
curve >0.5). Furthermore, Gene Ontology enrichment analysis 
showed that ‘cell adhesion’ and ‘junction’ were negatively 
correlated with KLF2 and that high‑risk group exhibited 
significantly activated ‘epithelial‑mesenchymal transition’. 
Western blot analysis showed that overexpression of KLF2 
increased expression of E‑cadherin, while decreasing levels of 
N‑cadherin and vimentin. The present study highlighted the 
role of KLFs in ccRCC prognosis prediction and provides a 
research base for the search of validated prognostic biological 
markers for ccRCC.

Introduction

Clear cell renal cell carcinoma (ccRCC) is a primary subtype 
of RCC. Approximately 80% of patients with RCC are diag‑
nosed with ccRCC, with males exhibiting a higher incidence 
of ccRCC than females (1‑3). Early detection of ccRCC is 
difficult due to its insidious occurrence and lack of reliable 
biomarkers; thus, the majority of patients are diagnosed during 
the late stages of the disease (4,5). In addition, ccRCC is insen‑
sitive to traditional chemoradiotherapy (6‑8). Moreover, even 
following surgical treatment, there are high rates of metastasis 
and recurrence (9‑11). The outcome of surgical treatment is 
closely related to the clinical stage, with survival rates of 
81% for stage I, 74% for stage II, 53% for stage III and 8% for 
stage IV (12). Therefore, identifying biomarkers for ccRCC is 
key for early diagnosis and improving prognosis.

Krüppel‑like factors (KLFs) belong to a family of tran‑
scription factors that have a Cys2‑His2 zinc‑finger domain at 
the C‑terminal region, which binds to GC and CGGA‑boxes 
of DNA. At the N‑terminal region, KLFs have a transcrip‑
tion regulatory motif that binds to transcription‑activation or 
repressive factors (13‑15). The first KLF (KLF1) was identified 
in mammalian red blood cells in 1993 (16). Following identifi‑
cation of KLF1 and KLF17, a number of KLF genes were found 
in the human genome (17). These KLF proteins are expressed 
in a variety of human tissue and exhibit diverse functions 
in physiological processes such as maintenance of internal 
environmental homeostasis, immune response, inflammation, 
neurogenesis and organ development (18‑25). Genome‑wide 
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knockout of KLF family members leads to developmental 
abnormality and mortality. For example, klf15‑/‑ mice have 
enlarged hearts (26), klf6‑/‑ or klf1‑/‑ mice have abnormal hema‑
topoietic system (27,28). klf2‑/‑ or klf5‑/‑ mice die in utero during 
embryonic life (29,30). Previous studies have revealed that KLFs 
participate in proliferation, apoptosis, epithelial‑mesenchymal 
transition (EMT), angiogenesis and other malignant biological 
behavior of cancer (14,31‑33). KLF4 inhibits EMT and prolif‑
eration of endometrial cancer cells, whilst KLF8 promotes 
EMT and proliferation of bladder cancer cells (34,35); these 
findings suggest that the KLF gene family may serve a critical 
role in cancer genesis and prognosis.

The present study systematically analyzed expression 
and clinical application of KLF genes in ccRCC. KLF gene 
expression levels and their association with clinical prognosis 
of ccRCC were analyzed using public databases and findings 
were validated using in vitro cellular assays.

Materials and methods

The cancer genome atlas (TCGA) database. The clinical data 
and gene expression of patients with ccRCC were obtained 
from TCGA database (portal.gdc.cancer.gov; data collected 
June 2021). Using the archive of the TCGA Kidney Renal 
Clear Cell Carcinoma (KIRC) project (portal.gdc.cancer.
gov; data collected June 2021), transcriptome maps of KLFs 
were extracted to obtain gene transcription information. 
Demographic and clinical characteristics, including age, 
tumor grade and stage at diagnosis (TNM classification), were 
obtained from the electronic records.

DNA methylation and genetic alteration. CBioPortal Cancer 
Genomics (cbioportal.org; data collected June 2021) is an open 
resource web platform that integrates multiple cancer genome 
databases, such as TCGA and the International Cancer Genome 
Consortium. Using cBioPortal, KLF2 and KLF11 mutations 
were analyzed in TCGA ccRCC cohort (portal.gdc.cancer.
gov; data collected June 2021). This tool provides real‑time 
access and visualization of DNA methylation profiles and gene 
expression from TCGA. The methylation level of promoter 
region of KLF2 was retrieved from MethHC (bioinfo‑zs.
com/smartapp/). Significant methylation sites were selected 
as candidate sites according to P<0.05 based on results from 
univariate Cox regression analysis. The correlation between 
two factors was evaluated by the Pearson's correlation test.

Biological pathway enrichment analysis. Gene Ontology 
and Kyoto Encyclopedia of Genes and Genomes pathway 
enrichment analysis was conducted using Metascape 3.5 
(metascape.org). Gene set variation analysis (GSVA) was also 
used to assess the variations in pathway enrichment among 
patients with high and low risk score) via the ‘GSVA’ R 
package. A total of 50 hallmark gene sets were obtained from 
the Molecular Signatures Database (MSigDB; gsea‑msigdb.
org/gsea/msigdb/). Analysis of the intersection of low level of 
KLF2 and KLF11 activated genes using Venn diagram.

Cell culture. The human ccRCC cell lines 769‑P, 786‑O and 
OR‑SC‑2 and HK‑2, 293(T) (normal renal tubular epithe‑
lial cell line) were obtained from the Affiliated Hospital of 

Yangzhou University (Suzhou, China). 293(T) cells were 
cultured in DMEM (Biological Industries) and other cells 
were cultured in RPMI 1640 medium (Biological Industries), 
supplemented with 10% fetal bovine serum (VivaCell 
Biosciences, Ltd.) and 1% penicillin/streptomycin solution 
(cat. no. C0222; Beyotime Institute of Biotechnology). The 
cell culture was maintained at 37˚C and 5% CO2. Cells were 
treated with 5‑aza‑2'‑deoxycytidine 5 µM (5‑AZA‑CdR; cat. 
no. HY‑A0004; MedChemExpress) for 24 h in a cell incubator 
at 37˚C with 5% CO2.

Lentivirus transduction and cell transfection. For KLF2 over‑
expression plasmid (human cDNA was cloned and inserted 
into a pCDH‑CMV‑MCS‑EF1‑copGFP‑T2A‑Puro) and 2nd 
packaging plasmids psPAX2, pMD2.G from GENERAL 
BIOL. The psPAX2 (12 µg) packaging and pMD2.G (9 µg) 
envelope plasmids were co‑transfected with pCDH‑KLF2 
(4 µg). The plasmid ratio was pCDH‑KLF2: psPAX2: pMD2.
G=4:3:1. Subsequently, the overexpression plasmid of KLF2 
and control plasmid were transfected into 293(T) cells using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) in a 100‑mm dish (5x106 cells) and maintained in an 
incubator at 37˚C with 5% CO2. The medium was replaced 
with fresh medium after 6 h. Following incubation for 48 h, 
the viral supernatant was harvested at 4˚C for 5 min at 2,000 g, 
immediate added to 786‑O and 769‑P cells and incubated 
with 8 µg/ml polybrene (cat. no. C0351; Beyotime Institute of 
Biotechnology). The multiplicity of infection (MOI) infected 
cells was 10. Stably transfected cells were selected with 
2.5 µg/ml puromycin (cat. no. ST551; Beyotime Institute of 
Biotechnology) for three days following 48 h viral infection. 
Cells were cultured in RPMI 1640 medium containing 1% 
penicillin/streptomycin solution, while 2.5 µg/ml puromycin 
was added for maintenance.

Reverse transcription‑quantitative (RT‑q) PCR. According 
to the manufacturer's protocol, total cell RNA in six‑well 
cell culture plates was isolated using TRIzol® reagent (cat. 
no. 10296028; Invitrogen; Thermo Fisher Scientific, Inc.). 
Each well contained ~2x105 cells. Subsequently, total RNA 
(1 µg) was reverse transcribed into cDNA using NovoScript® 
Plus All‑in‑one 1st Stand cDNA Synthesis SuperMix (gRNA 
Purge; cat. no. E047‑01A; Suzhou Novoprotein Technology, 
Ltd.) according to the manufacturer's protocol. NovoStart® 
SYBR Green Color qPCR SuperMix kit (cat. no. E168‑01B; 
Suzhou Novoprotein Technology, Ltd.) was used for amplifi‑
cation. Thermocycling conditions were as follows: 95˚C for 
30 sec, followed by 40 cycles of 95˚C for 5 sec and 60˚C for 
30 sec. The expression of genes was normalized to that of 
GAPDH, which was used as an endogenous control. The 2‑∆∆Cq 
method (36) was performed to analyze mRNA expression 
levels. The primers are shown in Table I.

Western blotting. Cells were washed three times with cold 
PBS. Total protein was extracted using RIPA lysis buffer (cat. 
no. P00013B; Beyotime Institute of Biotechnology) and the 
protein concentration was measured by BCA (cat. no. P0009; 
Beyotime Institute of Biotechnology). Then, the protein was 
separated by 10% SDS‑PAGE (20 µg per well and transferred 
onto a PVDF membrane. Subsequently, the membrane was 
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blocked with 5% milk at room temperature for 1 h and incu‑
bated with primary antibodies against KLF2 (1:1,000; cat. 

no. 340341; Zen‑Bio, Inc.), GAPDH (1:1,000; cat. no. R24404; 
Zen‑Bio, Inc.), E‑cadherin (1:1,000; cat. no. 340341; Zen‑Bio, 
Inc.), N‑cadherin (1:1,000; cat. no. 380671; Zen‑Bio, Inc.) 
and vimentin (1:1,000; cat. no. 380771; Zen‑Bio, Inc.) at 4˚C 
overnight. The membrane was washed and incubated with 
horseradish peroxidase‑labelled secondary antibody (cat. 
no. #S001; 1:5,000; Affinity Biosciences, Ltd.) for 2 h at room 
temperature. The membrane was washed three times with 
PBS‑0.1% Tween‑20 for 5 min each. A chemiluminescent 
substrate kit (cat. no. BL520A; Biosharp Life Sciences) and 
iBright CL1000 imaging system (Invitrogen; Thermo Fisher 
Scientific, Inc.) were used to detect the proteins. Each set of 
experiments was repeated at least three times, with GAPDH 
as the internal reference control, and the relative amounts of 
protein bands were analyzed using ImageJ software (Version 
1.48; National Institutes of Health).

Table I. Primers for reverse‑transcription quantitative PCR 
assay.

Gene Primer sequence (5'‑3')

KLF2‑Forward CACCAAGAGTTCGCATCTGA
KLF2‑Reverse CGTGTGCTTTCGGTAGTGG
GAPDH‑Forward GGGGTCATTGATGGCAACAATA
GAPDH‑Reverse ATGGGGAAGGTGAAGGTCG

KLF, Krüppel‑like factor.

Figure 1. Expression of KLFs in pan‑cancers and association with prognosis of patients with ccRCC. (A) KLFs mRNA expression in ccRCC and pan‑cancers 
in The Cancer Genome Atlas dataset. (B) mRNA levels of KLFs in ccRCC (yellow) and normal (blue) tissue. *P<0.05, **P<0.001 and ****P<0.0001 vs. normal. 
(C) Kaplan‑Meier curves for survival associated with KLF2 and KLF11 expression. KLF, Krüppel‑like factor; ccRCC, clear cell renal cell carcinoma; ns, not 
significant. 
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Wound healing assay. To analyze cell migration, normal and 
KLF2 overexpressing 786‑O and 769‑P cells were seeded in 
a 6‑well plate at a concentration of 1x105 cells/well with 80% 
confluency. Using the tip of a 10‑µl sterile pipette, a wound 
was scratched throughout the center of the well. Next, wells 
were gently rinsed twice with PBS to remove isolated cells 
and residual serum. Subsequently, all wells were refilled 
with fresh serum‑free RPMI‑1640 (Biological Industries) 
and cells were cultured for 24 and 48 h at 37˚C and 5% CO2. 
Photographs of cell migration were taken at 24 and 48 h 
after injury by using an inverted fluorescence microscope 
(MF53‑N; Guangzhou Micro‑short Technology Co., Ltd.) 
with bright field at x40 magnification. The wound area was 
calculated using ImageJ 1.48v (National Institutes of Health) 
and migration rates were calculated from area ratios. Mobility 
was calculated as follows: Mobility rate=(area of the starting 
scratch‑area of the current scratch)/area of the starting scratch 
x100, and the result was used to determine the migration 
capacity of the cells.

Tissue microarray (TMA) and immunohistochemistry (IHC). 
A total of 20 tissue samples from patients with ccRCC 
were obtained from The Second Affiliated Hospital, School 
of Medicine, The Chinese University of Hong Kong, and 
a waiver of informed consent was granted by the hospital 
ethics committee. Tissue was fixed in 4% paraformaldehyde 
for 2‑3 days, dehydrated, embedded in paraffin and cut 
into 4 µm thick sections. TMAs were dewaxed and rehy‑
drated. Sections were placed sequentially in xylene I for 
15 min‑xylene II for 15 min‑xylene III for 15 min‑anhydrous 
ethanol I for 5 min‑anhydrous ethanol II for 5 min‑85% 
alcohol for 5 min‑75% alcohol for 5 min‑distilled water 
wash. Antigen repair was performed using EDTA (pH 9.0) 
by heating at 100˚C in a microwave oven for 8 min to boiling, 
ceasing for 8 min and then for 7 min. 3% H2O2 to block 
endogenous peroxidase activity then incubating with 2% BSA 
(cat. no. G5001; Wuhan Servicebio Technology Go, Ltd.) for 
30 min at room temperature. Finally, anti‑KLF2 (1:100; cat. 
no. #DF13602; Affinity Biosciences, Ltd.) was incubated 
overnight at 4˚C. The sections were incubated for 50 min at 
room temperature with horseradish peroxidase‑conjugated 
secondary antibody (1:200; cat. no. GB23303; Wuhan 
Servicebio Technology Co., Ltd.). Tissue specimens were 
subsequently stained with 1X 3,3'‑diaminobenzidine (cat. 
no. ZLI‑9018; Beijing, ZSGB‑BIO Technology Co, Ltd.) for 
2 min under the inverted fluorescence microscope (Zesiss 
Aixo Vert. A1; Carl Zeiss AG) with bright field, then washed 
with PBS. Images obtained under a Nikon E100 microscope 
NIKON DS‑U3 system scan. CaseViewer 2.4 (3DHistech, 
Ltd.) software was observed and intercepted at x10 and x40 
magnification, respectively.

As previously described, H‑score was determined based 
on the number and staining intensity of positive cells (37,38). 
Briefly, H‑score was calculated as follows: (% weak intensity 
cells x 1) + (% moderate intensity cells x 2) + (% strong inten‑
sity cells x 3). The image scanning software AIpathwell (v1.0, 
Wuhan Servicebio Technology Co, Ltd.) analyses and calcu‑
lates the H‑score according. The intensity of positive cells was 
graded as 0 (negative, unstained), 1 (weak), 2 (moderate) and 
3 (strong).

Statistical analysis. The gene expression values were 
converted into a non‑overlapping number of exon frag‑
ments per kilobase to attain the normalized expression of 
KLFs. Survival analysis was evaluated using the R package 
‘survival’ (Version:3.2‑11, cran.r‑project.org/web/pack‑
ages/survival/index.html). The survival rates of patients in 
different test groups were analyzed using Kaplan Meier (K‑M) 
curve. The final prognostic K‑M plots were constructed using 
a log‑rank P‑value, 95% confidence interval (CI) and hazard 
ratio (HR). For recurrence‑free survival with HR and 95% CI, 
univariate and multivariate Cox proportional risk regression 
analysis was performed for KLFs and clinical characteristics. 
The risk score formula was as follows: Risk score=0.025587 
x age + [0.406461 x (Grade 3 + Grade 4)] + [1.088888 x 
(Stage III + Stage IV)] + [‑0.2134 x KLF2] + [‑0.197943 x 
KLF11]. The K‑M curve showed two sets of survival states; 
receiver operating characteristics (ROC) curve assesses the 
predictive value of the prediction. P<0.05 was considered to 
indicate a statistically significant difference. The statistical 
analysis of in vitro expression results was performed using 
paired Student's t‑test and one‑way ANOVA followed by 
post hoc Tukey's test with GraphPad Prism 8.0.2 (GraphPad 
Software, Inc.). Data are presented as mean ± SD from at 
least three independent experiments.

Results

Exploration of KLFs and ccRCC prognosis. To investigate 
the association between KLFs and clinical prognosis of 
ccRCC, KLF mRNA expression in TCGA database was 
analyzed. KLFs were downregulated in ccRCC tissue 
(Fig. 1A). By contrast, data from TCGA database indicated 
that KLFs were expressed in numerous types of human 
cancer, such as adrenocortical carcinoma and uterine corpus 
endometrial carcinoma. These findings suggested that KLFs 
may serve an inhibitory role in progression of urological 
tumor. The mRNA levels of 17 KLFs in ccRCC and normal 
tissue were examined in the TCGA‑KIRC database. The 
mRNA expression profiles of KLFs indicated that the 
majority of KLFs were downregulated in ccRCC compared 
with in normal tissue, including KLF3, KLF5, KLF9, KLF11, 
KLF12, KLF13, KLF14 and KLF15 (Fig. 1B). By contrast, 
KLF1, KLF6, KLF7, KLF8, KLF16 and KLF17 were highly 
expressed in tumor tissue. KLF2, KLF4 and KLF10 showed 
no significant difference between normal and tumor tissue. 
Collectively these data suggest a role for KLFs in ccRCC 
progression.

Univariate and multivariate Cox analysis of KLFs and 
clinical prognosis. To evaluate the prognostic value of the 
expression of KLFs, univariate Cox regression analysis was 
performed (Table II). Age, grade, stage and KLF2, KLF3, 
KLF4, KLF5, KLF6, KLF7, KLF8, KLF9, KLF10, KLF11, 
KLF12, KLF13 and KLF15 expression were positive associ‑
ated with ccRCC prognosis. Multivariate Cox proportional 
hazard regression analysis, based on the sixteen positive 
factors, revealed that age, grade, stage, KLF2 and KLF11 
were independent factors for ccRCC prognosis (Table II). 
K‑M survival curves of KLF2 and KLF11 (Fig. 1C) showed 
that patients with ccRCC who had low KLF2 and KLF11 
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expression had a lower survival probability. It suggests that 
the expression of KLF2 and KLF11 were associated with 
poor prognosis of ccRCC.

Prognostic models to assess the impact of KLFs and clin‑
ical characteristics on the prognosis of ccRCC. KLF2 and 
KLF11, which were screened from the multiple Cox regres‑
sion analysis, were used to construct a predictive model. To 
investigate their effect on ccRCC prognosis, risk score was 
calculated as follows (Fig. 2A; Table III). Next, based on 
the median risk score, patients with ccRCC were divided 
into low‑ and high‑risk groups (Fig. 2B). Heat map analysis 
was performed for the gene expression levels in the high and 
low‑risk groups (Fig. 2E). K‑M curve showed that patients 
in the high‑risk group had worse survival than patients in 

the low‑risk group (Fig. 2C). In addition, the area under the 
ROC curve of risk score model was 0.780, indicating that 
it had an average diagnostic performance, as previously 
described (39) (Fig. 2D). These findings suggested that 
expression levels of KLF2 and KLF11 may be an indepen‑
dent predictor of ccRCC prognosis, according to the results 
of multivariate Cox regression analysis and prognostic 
predictive model. KLF2 and KLF11 were independent prog‑
nostic factors in ccRCC.

KLF2 overexpression inhibits cell migration of ccRCC. To 
validate the effect of KLFs on ccRCC cell lines, the expres‑
sion of KLF2 and KLF11 in different ccRCC cell lines was 
examined using RT‑qPCR and western blotting. KLF2 had 
lower expression in 786‑O and 769‑P cells than in HK‑2 

Table II. Univariate and multivariate Cox risk ratio analysis of KLF gene expression and overall survival in patients with kidney 
renal clear cell carcinoma with The Cancer Genome Atlas data.

 Univariate Cox Multivariate Cox
                       ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑                  ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic HR 95% CI P‑value HR 95% CI P‑value

Age 1.027 1.015‑1.040 2.42x10‑5 1.023 1.009‑1.037 0.001326
Sex 0.959 0.702‑1.310 7.91x10‑1 ‑ ‑ ‑
Grade 2.638 1.872‑3.718 3.04x10‑8 1.485 1.013‑2.176 0.042861
Stage 3.733 2.715‑5.132 5.09x10‑16 2.874 2.033‑4.063 0.000229x10‑5

KLF2 0.703 0.615‑0.804 2.39x10‑7 0.769 0.633‑0.934 0.008103
KLF3 0.638 0.522‑0.780 1.11x10‑5 1.405 0.820‑2.407 0.216050
KLF4 0.728 0.641‑0.826 8.71x10‑7 0.992 0.787‑1.251 0.947531
KLF5 0.747 0.641‑0.870 1.86x10‑4 0.854 0.713‑1.024 0.088489
KLF6 0.681 0.594‑0.782 4.45x10‑8 0.889 0.678‑1.165 0.393358
KLF7 0.692 0.590‑0.813 6.99x10‑6 1.381 0.904‑2.110 0.135895
KLF8 0.843 0.714‑0.996 4.48x10‑2 1.096 0.858‑1.400 0.462576
KLF9 0.639 0.555‑0.737 6.53x10‑10 0.926 0.646‑1.328 0.676057
KLF10 0.756 0.663‑0.863 3.24x10‑5 1.272 0.960‑1.685 0.094032
KLF11 0.666 0.572‑0.775 1.51x10‑7 0.594 0.366‑0.964 0.035164
KLF12 0.622 0.521‑0.742 1.44x10‑7 0.895 0.546‑1.467 0.660072
KLF13 0.654 0.556‑0.768 2.58x10‑7 0.917 0.645‑1.303 0.629127
KLF15 0.751 0.664‑0.849 4.73x10‑6 0.864 0.729‑1.023 0.090373
KLF16 1.056 0.848‑1.314 6.28x10‑1 ‑ ‑ ‑

CI, Confidence interval; HR, hazard ratio; KLF, Krüppel‑like factor.

Table III. Multivariate Cox regression analysis.

Factor coef exp(coef) se(coef) Z‑score P‑value

Age 0.025587 1.025917 0.006851 3.735 0.000188
Grade 3 + 4 0.406461 1.501494 0.188450 2.157 0.031016
Stage III + IV 1.088888 2.970967 0.170346 6.392 0.000164x10‑6

KLF2 ‑0.213400 0.807830 0.085902 ‑2.484 0.012982
KLF11 ‑0.197940 0.820422 0.091603 ‑2.161 0.030709

coef, co‑efficient; exp (coef), expectation of co‑ef; se (co‑ef), standard error of co‑ef.
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cells (Fig. 3A and B). Since KLF11 exhibit low expression 
in ccRCC (40), KLF2 was selected for further validation. To 
confirm the role of KLF2 in ccRCC migration, KLF2 plasmid 
was constructed and transfected into 769‑P and 786‑O cells 
for KLF2 overexpression (Fig. 3C). In the wound healing 
assay, the scratch width in the PCDH‑CMV‑KLF2 group 
was notably wider than in the control (Fig. 3D and E). These 

findings suggested that increased expression of KLF2 impaired 
the cell migration. To validate the function of KLF2 in ccRCC, 
KLF2 expression was detected using a commercially available 
ccRCC TMA. IHC was performed on ccRCC clinical samples 
(Table Ⅳ) and the results indicated that the KLF2 protein 
level was significantly lower in stage II‑III tissue compared 
with stage I tissue (Fig. 3F and G). These findings were 

Figure 2. Prognostic role of KLF2 in ccRCC. (A) Hazard ratio of high‑ and low‑risk groups. (B) Risk curve of each patient was categorized by risk score. 
(C) Kaplan‑Meier curve analysis of patients with ccRCC. (D) AUC of the receiver operating characteristics curve plot was 0.780 for assessing accuracy of the 
prediction model. (E) Differential expression of KLF2 level in two groups as represented by heat map plots. KLF, Krüppel‑like factor; ccRCC, clear cell renal 
cell carcinoma; AUC, area under the curve; TCGA‑KIRC, The Cancer Genome Atlas‑kidney renal clear cell carcinoma. 
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consistent with the aforementioned results of bioinformatics 
analysis. KLF2 was lowly expressed in cells and tissues, which 
overexpression of kLF2 inhibited cell migration.

KLF2 promoter methylation alterations. Examination of TCGA 
database using cBioPortal revealed that no genetic variations 
(data not shown) or methylation affected survival rate of patients 
with ccRCC. KLF2 exhibited 10 methylation sites (Table Ⅴ). 
Univariate Cox analysis identified 8 candidate methylation 
sites for KLF2 (CG03725130, CG03725130, CG05906166, 
CG10819847, CG15496085, CG18473733, CG25266327 and 
CG26842024). Correlation analysis found significant differ‑
ences between candidate methylation sites and expression of 
the KLF2 gene was significantly associated with candidate 
methylation sites (Fig. 4A). This implied that differences in 
KLF2 gene expression were associated with methylation. Based 
on this analysis, it was concluded that low expression of KLF2 
was associated with poor survival and methylation. Therefore, 
KLF2 expression levels were detected after treatment of 769‑P 
and 786‑O cells with 5‑AZA‑CdR (a DNA methyltransferase 
inhibitor). The results showed that KLF2 protein expression 
increased after treatment (Fig. 4B and C). Overall, KLF2 
expression levels are associated with poor prognosis, and DNA 
methylation may be involved.

Figure 3. KLF2 inhibits ccRCC migration in vitro and KLF2 protein expression is decreased in high pathological grade tissue (II + III). (A) Expression of KLF2 
mRNA in ccRCC and normal HK‑2 cells. (B) Western blotting was used for assessment of KLF2 protein levels in ccRCC and normal HK‑2 cells. (C) Western 
blotting assessment of KLF2 OE in 769‑P and 786‑O cells. (D) Migration of 769‑P and 786‑O cells after wounding (magnification, x40). (E) compared with 
NC. (F) Immunohistochemistry and (G) analysis of the KLF2 expression in ccRCC tissue (n=20). **P<0.01 vs. stage I and ***P<0.001 vs. NC. KLF, Krüppel‑like 
factor; ccRCC, clear cell renal cell carcinoma; NC, negative control; OE, overexpression.

Table IV. Clinical characteristics of 20 patients with clear cell 
renal cell carcinoma.

Characteristic n (%)

Sex 
  Male 15 (75)
  Female 5 (25)
Age, years 
  ≤55 8 (40)
  >55 12 (60)
Tumor grade 
  I 4 (20)
  II + III 16 (80)
TNM stage 
  T1 + T2 20 (100)
  T3 + T4 0 (0)
Pt stage 
  T1 + T2 20 (100)
  T3 + T4 0 (0)
pM stage 
  M0 20 (100)
  M1 0 (0)
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Identify different pathway enrichment between high and low 
risk groups. GSVA enrichment analysis was used to determine 
the underlying mechanisms in the high‑ and low‑risk groups. 

This analysis revealed that the high‑risk group was primarily 
enriched in ‘E2F targets’, ‘allograft rejection’ and ‘EMT’ 
(Fig. 5C). The Venn diagram identified co‑negative regulation 

Figure 4. Changes in KLF2 expression in clear cell renal cell carcinoma cell lines induced by the DNA methyltransferase inhibitor 5‑AZA‑CdR. (A) Correlation 
between KLF2 and methylation site. (B) Western blot assessment and (C) analysis of KLF2 protein expression in 769‑P and 786‑O cells following treatment 
with 5‑AZA‑CdR. *P<0.05 vs. DMSO group. KLF, Krüppel‑like factor; 5‑AZA‑CdR, 5‑aza‑2'‑deoxycytidine; TPM, transcripts per million. 

Table V. Univariate analysis of KLF2 methylation sites.

CpG HR 95% CI P‑value

KLF2‑Body‑Island‑cg02668248 1.409 0.873‑2.275 0.160
KLF2‑TSS200‑Island‑cg03725130 0.332 0.190‑0.578 <0.001
KLF2‑Body‑Island‑cg04324758 3.252 1.740‑6.079 <0.001
KLF2‑Body‑Island‑cg05906166 8.040 3.263‑19.808 <0.001
KLF2‑TSS1500‑Island‑cg10819847 0.416 0.233‑0.744 0.003
KLF2‑TSS1500‑Island‑cg15496085 2.130 1.213‑3.740 0.008
KLF2‑Body‑Island‑cg18473733 1.687 1.004‑2.836 0.048
KLF2‑TSS1500‑N_Shore‑cg22247553 0.765 0.474‑1.234 0.273
KLF2‑5'UTR‑Island‑cg25266327 0.488 0.298‑0.798 0.004
KLF2‑Body‑Island‑cg26842024 2.179 1.438‑3.304 <0.001

CI, confidence interval; HR, hazard ratio; KLF, Krüppel‑like factor; 5'UTR, 5' untranslated region.
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of KLF2 and KLF11 for 1,416 co‑regulated genes, which 
means these genes had highly correlated expression with both 
KLF2 and KLF11 (Fig. 5A). GO analysis of co‑regulated 
genes demonstrated enrichment in ‘regulation of cell adhe‑
sion’ and ‘cell junction organization’ (Fig. 5B). Western blot 
analysis detected changes in expression of proteins involved 
in the EMT process. The level of E‑cadherin was significantly 
downregulated, whereas the levels of N‑cadherin and vimentin 
were increased following overexpression of KLF2 in 76P‑P 
and 786‑O cells (Fig. 5D). These findings suggested that the 
expression levels of KLF2 associated with EMT proteins.

Discussion

KLF family members are zinc‑finger proteins that bind 
to DNA transcription regions, thus serving a vital role in 

transcriptional regulation (41). The involvement of KLFs in 
tumor progression has been widely reported (42‑44). In the 
present study, gene expression levels and clinical factors were 
integrated to assess the prognostic value of KLFs. A prognostic 
model consisting of KLF2, KLF11, age, stage and grade was 
constructed from a TCGA cohort. The results showed that 
KLF2 was an independent prognostic factor for ccRCC. KLF2 
acts as a nuclear transcription factor in pathophysiological 
processes, including immune inflammation (45,46), angiogen‑
esis (47) and osteoclastogenesis (48) and is lowly expressed 
in numerous types of cancer. For example, overexpression of 
KLF2 inhibits cell proliferation, migration and metastasis 
in pancreatic ductal adenocarcinoma (49). Xue et al (50) 
demonstrated that KLF2 was downregulated in clinical tissue 
samples and cell lines of prostate cancer and observed that 
migration and invasion of prostate cancer cells were inhibited 

Figure 5. Venn plot and metascape enrichment of co‑negative correlation between KLF2 and KLF11 genes. (A) Venn diagram showed co‑negative regulation of 
KLF2 and KLF11. (B) Enriched GO items based on Venn diagram where different colors represent different GO biological processes. (C) Pathway enrichment 
analysis between high‑ and low‑risk groups using GSVA. (D) Change in epithelial‑mesenchymal transition‑associated protein following KLF2 OE in 769‑P 
and 786‑O cells. GO, Gene Ontology; KLF, Krüppel‑like factor; OE, overexpression; GSVA, Gene Set Variation Analysis.
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following over‑expression of KLF2. Xu et al (51) showed 
that KLF2 affects proliferation and apoptosis of gastric 
cancer cells by regulating transcription and expression of 
cyclin‑dependent kinase genes. These aforementioned studies 
indicated that KLF2 serves a key role in cancer develop‑
ment. In addition, previous studies have shown that KLF2 
functions as a vascular protective factor in nephropathy (52) 
and ccRCC resistance (53). Several studies (53‑55) have 
reported the role of KLF2 in ccRCC. Lu et al (54) showed 
that KLF2 suppresses cell migration and invasion via ferrop‑
tosis in metastatic ccRCC. However, a recent study showed 
that, compared with paraneoplastic tissue, KLF2 is highly 
expressed in non‑metastatic ccRCC (55). Thus, KLF2 serves 
different roles in different progressive stages of ccRCC. 
Similar studies on KLF2 have been conducted in hepatocel‑
lular carcinoma (56,57). However, only a few studies have 
reported the function of KLF2 in ccRCC (53‑55). Therefore, 
the role of KLF2 in ccRCC requires further investigation.

The present study found that KLF2 was significantly 
under expressed in ccRCC; this was correlated with a poor 
prognosis. In vitro experiments confirmed that overexpres‑
sion of KLF2 inhibited migration in the 786‑O and 769‑P 
cell lines. The present results were consistent a previous 
study (54). However, the mechanism of KLF2 in ccRCC needs 
to be further investigated. The present study highlighted 
methylation as an important mechanism for regulating KLF2 
expression. Treatment with 5‑AZA‑CdR, a DNA methyl‑
transferase inhibitor commonly used to deoxygenate DNA, 
restored KLF2 expression in ccRCC cells. Gene methylation 
is associated with tumor genesis and KLF2 methylation 
has been demonstrated in non‑small cell lung cancer (58). 
However, to the best of our knowledge, the present study is first 
to report methylation of KLF2 in ccRCC. Whether changes 
in KLF2 methylation occur in ccRCC tissue remains to be 
determined in future studies. In addition, the present study 
performed simple signaling pathways assessment, which 
showed that KLF2 and KLF11 may decrease ‘cell adhesion’ 
and ‘cell junction organization’. GSVA analysis revealed that 
‘EMT’ was enriched in the high‑risk group. Cell adhesion and 
migration are preconditions for cancer metastasis and 90% 
of patients with cancer to disease due to cancer‑associated 
metastasis (59). In line with this, the present study found that, 
following overexpression of KLF2 in 769‑P cells and 786‑O 
cells, expression of EMT‑associated proteins was signifi‑
cantly inhibited. These findings suggested that KLF2 may 
be a potential biomarker for predicting ccRCC development 
and progression. However, further studies on the potential 
prognostic value of KLF2 in ccRCC are necessary.

In conclusion, the present study analyzed expression 
of KLF2 in multiple types of cancer and highlighted its 
role in the prognosis of ccRCC. A risk model of KLFs was 
constructed and KLF2 expression appeared to have a favorable 
prognostic value. These results indicated that the expression 
of KLF2 may predict the prognosis of patients with ccRCC. 
Furthermore, novel ccRCC prognostic indicators may improve 
early diagnosis and access to therapy and increase patient 
survival. Future studies should evaluate the synergistic effect 
of KLF genes for immunotherapy. Further studies may provide 
comprehensive insight into the potential association between 
KLFs and ccRCC prognosis.
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