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	 Background:	 The aim of this study was to elucidate the role of Krüppel-Like factor 4 (KLF4) in cisplatin resistance in esoph-
ageal squamous cell carcinoma (ESCC) cells, which may eventually help to improve the treatment efficacy.

	 Material/Methods:	 Human esophageal squamous cell carcinoma (ESCC) cell line CaEs-17, TE-1, EC109, KYSE510, KYSE140, KYSE70, 
and KYSE30 were selected to detect their sensitivity to cisplatin. 5-Azacytidine-2’-deoxycytidine (5’-Aza-CdR) 
treatment and methylation-specific PCR (MS-PCR) were used to detect the methylation status for KLF4. Cell vi-
ability, apoptosis, and cell cycle were measured using methyl thiazolyl tetrazolium (MTT) assay, Annexin V af-
finity assay, and flow cytometry, respectively.

	 Results:	 The sensitivity to cisplatin was different in the seven ESCC cell lines, with TE-1 having the lowest sensitivi-
ty and KYSE140 having the highest sensitivity. Interestingly, the level of KLF4 was relatively low in TE-1 cells; 
while it was high in KYSE140 cells. These results suggested that KLF4 may be involved in cisplatin resistance. 
The promoter region was mostly unmethylated in KYSE140 cells; while it was hypermethylated in TE-1 cells. 
After treatment with demethylation reagent 5-Aza-CdR, cisplatin sensitivities were significantly increased af-
ter upregulation of KLF4, as the IC50 values were significantly decreased in the TE-1 cell treated with 5-Aza-
CdR. Furthermore, upregulation of KLF4 induced cell apoptosis and cell cycle arrest at S phase.

	 Conclusions:	 KLF4 enhances the sensitivity of cisplatin to ESCC cells through apoptosis induction and cell cycle arrest. Our 
data provided a novel insight to the mechanism of cisplatin resistance; overexpression of KLF4 may be a po-
tential therapeutic strategy for cisplatin resistance in human ESCC.
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Background

Esophageal squamous cell carcinoma (ESCC), accounts for 80% 
of esophageal cancers, and is one of the most common causes 
of cancer death worldwide [1–3]. The treatment for ESCC de-
pends on its etiology; treatment options include surgical resec-
tion, neoadjuvant therapy, and adjuvant therapy [4]. Despite 
optimization of surgical treatment, the clinical outcomes for 
ESCC remain unsatisfactory for patients treated solely with 
resection [5]. For more advanced stages, chemotherapy has 
shown favorable results. Combinations of cisplatin and oth-
er drugs, such as paclitaxel, docetaxel, and 5-fluorouracil (CF), 
are standard chemotherapy regimens for advanced ESCC [4–6]. 
Cisplatin, a molecule that can enter the cell, interferes with 
the process of DNA synthesis, resulting in inhibition of DNA 
replication and cell cycle arrest, DNA damage, and subsequent 
apoptosis and necrosis [78]. However, due of intrinsic or ac-
quired nonresponse to chemotherapy, the 5-year survival rate 
of human ESCC is still unsatisfactory. Therefore, in order to im-
prove therapeutic efficacy and clinical outcomes, there is an 
urgent need to elucidate the mechanisms underlying cisplat-
in resistance in human ESCC.

Krüppel-like factor 4 (KLF4), a eukaryotic zinc-finger transcrip-
tion factor, plays an important role in various essential pro-
cesses such as cell proliferation, differentiation, and apopto-
sis [9,10]. Recent studies have shown that KLF4 is expressed 
in numerous human cancers, and whether the role of KLF4 is 
tumor suppressive or oncogenic depends on the type of cancer. 
KLF4 seems to function as an oncogene in oral cancer, head 
and neck cancer, skin cancer, and pancreatic cancer [11–13]. 
On the other hand, KLF4 acts as a tumor suppressor in gas-
tric carcinoma, colorectal cancer, and cervical cancer [14–16]. 
In esophageal squamous cell carcinoma (ESCC), KLF4 is de-
creased; and KLF4 deletion in mice leads to squamous cell dys-
plasia [17]. Downregulation of KLF4 in human ESCC suggests 
that KLF4 may act as a tumor suppressor in ESCC [18–20]. The 
KLF4 gene has been shown to be epigenetically inactivated in 
human cervical cancer and lung cancer [21]. Moreover, KLF4 
enhances the sensitivity of cisplatin to lung cancer cells [21]. 
However, whether KLF4 plays a role in cisplatin resistance of 
human ESCC remains unknown.

In this study, we aimed to investigate the role of KLF4 in cispl-
atin resistance in human ESCC cells. Two human ESCC cell lines 
(TE-1 and KYSE140) were selected from seven cell lines (CaEs-
17, TE-1, EC109, KYSE510, KYSE140, KYSE70, and KYSE30) ac-
cording to the cell line sensitivity of cisplatin. KYSE140 cells 
were highly sensitive to cisplatin, while TE-1 cells were less sen-
sitivity to cisplatin, compared with other cell lines. We detected 
the level of KLF4 expression and promoter methylation status. 
Cell viability, cell apoptosis, and cell cycle were also measured.

Material and Methods

Cell culture

Human ESCC cell line CaEs-17, TE-1, EC109, KYSE510, KYSE140, 
KYSE70, and KYSE30 were cultured in RPMI1640 (Gibco) sup-
plemented with 10% (v/v) fetal calf serum (FBS, Gibco) at 37°C 
in a humidified 5% CO2 incubator.

5-Azacytidine-2’-deoxycytidine (5-Aza-CdR) treatment and 
methylation analysis

Cells were cultured in medium containing 1 μmol/L 5-Aza-CdR 
(the DNA methylation inhibitor) for five days and the medi-
um was replace every 24 hours. Genomic DNA was extracted 
and modified with sodium bisulfite using a DNA sulfite-sen-
sitive modification kit, according to manufacturer’s instruc-
tions. Methylation-specific PCR (MS-PCR) was then performed 
as described previously [22]. Specific primers for un-methylat-
ed KLF4 (U) were as follows: forward, 5’-GGT TGA TTA TTT GAG 
GTT AGG TGT TT-3’ and reverse, 5’-CCC AAA TAA CAA AAA TTA 
CAA ACAT-3’; primers for methylated KLF4 (M) were 5’-GTT GAT 
TAT TTG AGG TTA GGT GTTC-3’ (forward) and 5’-CGA ATA ACG 
AAA ATT ACA AAC GTA-3’. Conditions for MS-PCR were 95°C 
for 10 minutes, 94°C for 30 seconds, 52.4°C for 30 seconds to 
anneal, 72°C for one minute followed by 40 cycles. The MS-
PCR products were examined by gel electrophoresis in 1% aga-
rose. The experiments were repeated five times.

RT-PCR

Total RNA was extracted using TRIzol reagent and 2 μg total 
RNA was used for reverse transcription. The obtained cDNA 
was then used as the template for RT-PCR. The primers for KLF4 
were as follows: sense, 5’-ACC CAC ACT TGT GAT TAC GC-3’ 
and anti-sense, 5’-CCG TGT GTT TAC GGT AGT GC-3’. The con-
ditions for RT-PCR were as follows: 95°C for 10 minutes, 94°C 
for 30 seconds, 50°C for 30 seconds to anneal, 72°C for one 
minute followed by 28 cycles. The products were analyzed af-
ter RT-PCR using 1% agarose gel electrophoresis, and the re-
sults observed by Bio-Rad Electrophoresis Imaging System. 
The experiments were repeated five times.

Cisplatin treatment

Cells were cultured in medium containing cisplatin at a final 
concentration of 0.1 mg/L, 0.5 mg/L, 1 mg/L, 2.5 mg/L, 5 mg/L, 
and 10 mg/L for 24 hours. After cisplatin treatment, subse-
quent analysis was carried out accordingly.
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Methyl thiazolyl tetrazolium (MTT) assay

Cells were seeded at a density of 4×103 cells per well in a 96-
well plate and incubated for 24 hours. Then cultured with re-
fresh medium with RPMI1640 containing cisplatin wat a final 
concentration of 0 mg/L, 0.1 mg/L, 0.5 mg/L, 1 mg/L, 2.5 mg/L, 
5 mg/L, and 10 mg/L, and incubated for 24 hours. After 24 
hours, we add 20 μL of 5 g/L MTT and incubated cells at 37°C 
for four hours. Then we remove the supernatants carefully. We 
add 150 μL of dimethyl sulfoxide (Sigma) to each well and mix 
thoroughly for 10 minutes. The absorbance value (OD) at 490 
nm was measured using an ELISA reader system. The inhibition 
rate was calculated as follows: inhibition rate (%)=(1-ODtest group)/
ODcontrol group×100%. All experiments were performed six times.

Annexin V affinity assay

In order to detect cell apoptosis, we used the Annexin V af-
finity assay following the manufacturer’s guidance. Briefly, we 
collected cells after cisplatin treatment. Then we add PI and 
Annexin-V-FITC and incubated for 15 minutes in the dark. The 
experiment was repeated for five times.

Cell cycle analysis

After incubation with cisplatin for 24 hours, cells were fixed 
overnight using 70% precooled ethanol at 4°C and stained 
with propidium iodide (PI, 1 mg/mL).

Statistical analysis

Data were presented as mean ±SD (standard deviation), and 
statistical significance was analyzed by SPSS 19.0. Significant 
differences were calculated using one-way ANOVA followed by 
Newman-Keuls post-hoc tests. The probability value p < 0.05 
was considered to be of significant difference.

Results

Sensitivity to cisplatin of different ESCC cell lines

The sensitivity to cisplatin of the seven human ESCC cell lines 
was detected by MTT assay. Our results showed that the inhi-
bition rate was relatively low in TE-1 and KYSE510 cells; while 
the inhibition rate was relatively high in KYSE140 and EC109 
cells (Figure 1). The sensitivity to cisplatin of KYSE140 was 
relatively high compared to the other five cell lines; whereas 
TE-1 was the relative less sensitive to cisplatin as compared 
with the other five. However, it should be noted that a signifi-
cant difference was not found in TE-1 and KYSE140 compared 
with all the other five cell lines.

Cisplatin sensitivity of TE-1 was significantly lower than 
KYSE140, EC109, and KYSE30 cells under 5 mg/L cisplatin; and 
significantly lower than KYSE140 and EC109 cells under 10 mg/L 
cisplatin. Additionally, cisplatin sensitivity of KYSE140 was sig-
nificantly higher than TE-1, KYSE510, and KYSE70 under 5 mg/L 
cisplatin; and significantly higher than TE-1, CaEs-17, KYSE510, 
KYSE70, and KYSE30 under 10 mg/L cisplatin (Figure 1).

The level of KLF4 and the methylation status of KLF4 
promoter in different ESCC cell lines

The expression levels of KLF4 were detected by RT-PCR. Relative 
high levels of KLF4 were found in ESCC cell line CaEs-17, EC109, 
KYSE140, KYSE70, and KYSE30; while relative low levels of KLF4 
were found in TE-1 and KYSE510 (Figure 2A). It has been re-
ported that KLF4 was downregulated in ESCC typically by hy-
permethylation [20]. In our study, we detected the methyla-
tion status of KLF4 promoter by MS-PCR. Our results showed 
that the promoter region was mostly unmethylated in CaEs-17, 
EC109, KYSE140, KYSE70, and KYSE30 cells; whereas, relative-
ly hypermethylated in TE-1 and KYSE510 (Figure 2B). Our re-
sults agree with the previous studies and suggest that hyper-
methylation in the promoter region leads to downregulation 
of KLF4 in ESCC cells. Moreover, combining our results of cis-
platin sensitivity of the seven ESCC cell lines, we found that a 
high level of KLF4 was associated with high sensitivity to cis-
platin. Our results suggest that KLF4 may be involved in the 
cisplatin resistance of ESCC cells.

KLF4 enhances sensitivity to cisplatin of ESCC cells

We selected TE-1 (low level of KLF4 and promoter region hyper-
methylated) and KYSE140 (high level of KLF4; promoter region 

Figure 1. �Sensitivity to cisplatin of different ESCC cell lines at 
final concentration of 5 mg/L and 10 mg/L. Compare 
with TE-1 cells: * p < 0.05, ** p<0.01, and *** p<0.001; 
compared with KYSE140 cells: # p<0.05, ## p<0.01, and 
### p<0.001.
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hypomethylated) to further investigate the role of KLF4 in cis-
platin resistance. To further confirm the role of methylation 
in the level of KLF4, we treated TE-1 and KYSE140 cells with 
the demethylation agent 5-Aza-CdR; this agent could cause 
DNA demethylation or hemi-demethylation through inhibi-
tion of DNA methyltransferase activity. We found that signif-
icant upregulation of the expression level of KLF4 was found 
in TE-1 cells; while no obvious change was found in KYSE140 
cells (Figure 3A). This result suggested that low level of KLF4 
in TE-1 cells may be caused by hypermethylation of the pro-
moter. Then, we detected cell growth by MTT assay when the 
cells were treated with different doses of cisplatin. We found 
that the elevated KLF4 could significantly inhibit cell growth. 
Moreover, cisplatin sensitivities were significantly increased af-
ter upregulation of KLF4, as the IC50 values were significant-
ly decreased in TE-1 cell treated with 5-Aza-CdR (Figure 3B). 
These results imply that restored KLF4 expression could sig-
nificantly inhibit cell growth and increase the chemosensitiv-
ity for cisplatin in human ESCC cells.

Upregulation of KLF4 induces apoptosis and cell cycle 
arrest

In order to detect the effect of KLF4 overexpression on ESCC 
cell apoptosis with the treatment of cisplatin, TE-1, TE-1-5-Aza, 
and KYSE140 cells were treated with cisplatin at the final con-
centrations of 0 mg/L, 1 mg/L, 5 mg/L, and 10 mg/L. Apoptosis 
was detected by flow cytometry. We found that apoptosis rate 
was similar without cisplatin treatment in TE-1 (5.1±1.2), TE-
1-5-Aza (5.6±0.9) and KYSE140 cells (2.8±1.7), with no signif-
icant difference (Figure 4A, 4B). With the increase in cisplatin 
doses, the apoptosis rate in TE-1-5-Aza was greatly increased. 
When we treated cells with 5 mg/L cisplatin, the apoptosis rate 

in TE-1 cells (17.0±0.7) was significantly different (p=0.001) 
from that in TE-1-5-Aza cells (22.9±1.1). When the final con-
centration of cisplatin increased to 10 mg/L, the apoptosis rate 
in TE-1 (32.7±1.6), TE-1-5-Aza (38.7±1.2) and KYSE140 cells 
(24.5±1.8) was all greatly increased, and a significant differ-
ence was found in 5-Aza-CdR treated TE-1 cells compared with 
TE-1 cells (p=0.007) (Figure 4A, 4B). Our results suggested that 
upregulation of KLF4 induced apoptosis in human ESCC cells.

Cell cycle was detected by flow cytometry. The results showed 
that the percentage of cells at S phase was 27.20±2.1%, 
32.71±1.9%, and 35.02±2.9% without cisplatin treatment. 
There was a significant difference in the percentage of cells at 
S phase in TE-1 cells compared with KYSE140 cells. At the fi-
nal concentration of 0.1 mg/L of cisplatin, a significant differ-
ence was found in the percentage of cells at S phase in TE-1 
cells (29.03±2.3%) compared with 5-Aza-CdR treated TE-1 cells 
(39.51±1.7%) (Figure 4C). Similar results was obtained at the 
final concentration of 0.5 mg/L of cisplatin, were a significant 
difference was found in the percentage of cells at S phase in 
TE-1 cells (41.68±2.5%) compared with 5-Aza-CdR treated TE-1 
cells (54.17±3.6%) (Figure 4C). Taken together, these results 
suggested that increased level of KLF4 could cause cell cycle 
arrest at S phase in human ESCC cells.
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Figure 2. �The level of KLF4 and the methylation status of 
KLF4 promoter in different ESCC cell lines. (A) The 
expression level of KLF4 was detected by RT-PCR in 
the seven human ESCC cell lines. (B) The methylation 
status of KLF4 promoter was measured by MS-PCR. 
U – indicates unmethylation; M – indicates 
methylation.
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Figure 3. �KLF4 enhances sensitivity to cisplatin of ESCC cells. 
(A) Level of KLF4 in TE-1 and KYSE140 cells after 
demethylation reagents 5-Aza-CdR. (B) Cell viability 
of TE-1 cells, TE-1 cell treated with 5-Aza-CdR, and 
KYSE140 cell were detected by MTT assay.
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A

Figure 4. �Upregulation of KLF4 induces apoptosis and cell cycle arrest. Cell apoptosis (A, B) and cell cycle (C) was detected by flow 
cytometry. NS, no significant difference in TE-1 cell after 5-Aza-CdR treatment compared with TE-1 cells; #, significant 
difference in TE-1 cells compared with KYSE140 cells (p<0.05); *, significant difference in TE-1 cell after 5-Aza-CdR treatment 
compared with TE-1 cells (p<0.05).
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Discussion

Krüppel-like factor 4 (KLF4) can act as a tumor suppressor or 
an oncogene depending on the type of tumor. KLF4 might func-
tion as a tumor suppressor through activating the promoter 
of p21 leading to cell cycle arrest at the border of G1/S and 
G2/M, which further inhibits cell proliferation and induces cell 
apoptosis [8]. KLF4 can also inhibit tumor invasiveness and me-
tastasis by regulation of EMT [23]. However, the role of KLF4 
is controversial in the development and metastasis of ESCC. 
Yang et al. reported that although the loss of KLF expression 
was important for initial tumor growth in ESCC, the restora-
tion of its expression enhanced tumor spread and KLF expres-
sion was inversely correlated with survival [20]. KLF4 expres-
sion was reported to be associated with histological types, but 
not an independent prognostic factor, as compared with Tir Na 
Nog (NANOG) [24]. In our previous study, through enrollment 
of 98 cases of esophageal carcinoma patients, we found that 
KLF4 was downregulated in esophageal squamous cell carci-
noma (ESCC) patients, and was associated with poor prognosis 
of ESCC patients [25]. Our results suggested that KLF4 might 
act as a tumor suppressor in ESCC; as the expression status 
of KLF4 has been shown to be closely related with the tumor 
stage and prognosis for ESCC patients [25].

The mechanism underlying downregulation of KLF4 includes 
promoter methylation, loss of heterozygosity and genetic mu-
tation [26]. In the present study, we selected seven human 
ESCC cell lines. The level of KLF4 expression and the meth-
ylation status of KLF4 promoter were measured. The results 
of MSP and RT-PCR showed that different levels of KLF4 pro-
moter methylation existed in the seven ESCC cell lines, with 
the most obvious hypermethylation in TE-1 cells. Inversely, 
the level of KLF4 was relatively low in TE-1 cells, and the level 
of KF4 was restored in TE-1 cells after 5-Aza-CdR treatment. 
Our results further verified that hypermethylation of KLF4 in 
its promoter region may play a crucial role in the downregu-
lation of KLF4, which was consistent with the results report-
ed by Yang et al. [20]. However, it should be noted that be-
sides the downregulation of KLF4 through the aforementioned 
mechanisms, splicing variants of KLF4 also play an important 
role in tumor formation and progression [27,28]. KLF4a, one 
of the main isoforms of KLF4, has been reported to be onco-
genic in pancreatic and breast cancers [29,30]. However, the 
role of KLF4a in the development and progression of human 
ESCC has been rarely reported, and relative studies should be 
carried out in the future.

Cisplatin plays an important role in chemotherapy of human 
ESCC, serving as the first-line treatment in platinum-based che-
motherapy. The main role of cisplatin is to interfere with the 
process of DNA synthesis causing inhibition of DNA replication, 
cell cycle arrest, DNA damage, and subsequent apoptosis and 

necrosis [7,8]. However, any factors that influence the binding 
of DNA to cisplatin and interfere with cell apoptosis may re-
sult in the insensitivity or even resistance to cisplatin. In cer-
vical cancer, methylation in the promoter region could inhibit 
expression of KLF4 and restoring KLF4 expression using de-
methylating agent 5-Azacytidine (5-Aza) could enhance the 
sensitivity to cisplatin of cervical cancer cells [20]. In addition, 
Liu et al. reported that overexpression of KLF4 may improve 
sensitivity of cisplatin to lung cancer cells [21]. In the pres-
ent study, under the final concentration of 0.5 mg/L, 0.1 mg/L, 
2.5 mg/L, 5 mg/L, and 10 mg/L of cisplatin, cell viability was sig-
nificantly decreased after treatment of demethylation reagents 
5-Aza-CdR in TE-1 cells. These results suggested that demeth-
ylation in the promoter region and the restored expression of 
KLF4 could inhibit cell proliferation and increase the sensitiv-
ity to cisplatin. In the meanwhile, the cell viability of KYSE140 
was significantly decreased compared with TE-1 cells, which 
suggested that hypomethylation in promoter and high level 
of KLF4 could inhibit the proliferation of human ESCC cells.

In oral squamous cell carcinoma, overexpression of KLF4 has 
been reported to promote cell cycle arrest in vitro and induce 
apoptosis in vivo [10]. He and colleges reported that KLF4 could 
inhibit the cell cycle transition from G1 phase to S phase [31]. 
Consistent with these findings, the results of flow cytometry as-
say showed that the apoptosis rate was significantly increased 
in KYSE140 cells when cells were treated with 1 mg/L cisplatin, 
compared with TE-1 cells, suggesting that high levels of KLF4 
with promoter hypomethylation could induce cell apoptosis in 
human ESCC cells. Moreover, when TE-1 cells were treated with 
cisplatin at a final concentration of 5 mg/L and 10 mg/L, the 
apoptosis of TE-1 cells was significantly increased after 5-Aza-
CdR treatment, suggesting enhanced sensitivity to cisplatin of 
human ESCC cells by high level of KLF4. It has been reported 
that KLF4 inhibits cell cycle progression by activating p21 or 
p27, and by repressing CCNB1 and CCND1 [23,32]. Moreover, 
the function of KLF4 is often context-dependent based on the 
tissue, tumor type, or cancer stage, which may be mediated by 
molecular switches such as BMP4, p21, p53, and SIN3A [33,34]. 
We found that in KYSE140 cell line with high levels of KLF4, 
the percentage of cells arrested at S phase was significantly 
higher than TE-1 cells. After TE-1 cells were treated with de-
methylation reagent 5-Aza-CdR, the percentage of cells arrest 
at S phase was significantly elevated. Taken together, these 
results suggested that overexpression of KLF4 could promote 
cell apoptosis, induce cell cycle arrest and enhance the sensi-
tivity to cisplatin of human ESCC cells.

Conclusions

Our findings showed that KLF4, acting as a tumor suppressor in 
human ESCC cells, was downregulated in human ESCC cells by 
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hypermethylation in the promoter region. KLF4 could enhance 
the sensitivity of cisplatin through inhibiting cell proliferation, 
promoting cell apoptosis, and inducing cell cycle arrest. Our 
results provide novel insight into the mechanism underlying 
cisplatin-resistance, and overexpression of KLF4 may serve as 
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