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In order to improve therapeutic efficacy, it is a current emergency to better know the mechanisms underlying
cisplatin resistance in lung cancer cells. In this study, we aim to investigate the role of Kriippel-like factor 4
(KLF4) in cisplatin-resistant lung cancer cells. We developed cisplatin-resistant lung cancer cell line A549/
DDP, and then a battery of experiments was used to analyze the effects of KLF4 in cisplatin resistance of
lung cancer. We found that KLF4 was significantly downregulated in cisplatin-resistant A549 cells and forced
KLF4 expression inhibited cell growth and induced apoptosis. Further, we found that overexpression of KLF4
was able to inhibit cell migration and invasion, to inhibit the expression of Slug, Twist, and vimentin, and to
increase the expression of E-cadherin and subsequent inhibition of the EMT process. Thus, overexpression of

KLF4 may be a potential strategy for lung cancer treatment, especially for cisplatin-resistant cases.
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INTRODUCTION

Lung cancer is the leading cause of cancer mortal-
ity worldwide. The incidence of non-small lung cancer
(NSCLC) is increasing every year with almost 1.3 mil-
lion new cases diagnosed in the world each year (1).
Perioperative sequential or concurrent chemoradiotherapy is
the standard treatment for patients with NSCLC, but locally
advanced patients still have a quite poor prognosis (2). The
standard of care for advanced NSCLC is cisplatin (DDP) in
combination with drugs including paclitaxel, gemcitabine,
vinorelbine, and pemetrexed (3). Previous studies have
shown several pathways associated with the effect of cispla-
tin on NSCLC, including nucleotide excision repair (NER),
copper transporters, and glutathione S-transferases (GSTs)
(4-6). Cisplatin is able to enter the cell. Once in the cell, cis-
platin can interact with and intercalate tumor DNA, resulting
in DNA damage and inhibition of DNA replication with sub-
sequent apoptosis and necrosis (7). However, due to intrinsic
or acquired nonresponse for neoadjuvant chemotherapy, the
5-year survival rate for NSCLC over all stages is still very
low. Thus, in order to improve therapeutic efficacy, it is a

current emergency to better know the mechanisms underly-
ing cisplatin resistance in lung cancer cells.

Kriippel-like factor 4 (KLF4), a member of the Sp1/
KLF family, functions as a regulator in diverse cell pro-
cesses of cell proliferation and differentiation (8). It
seems that KLF4 might act as a tumor suppressor, as it is
an antiproliferative factor in differentiated epithelia (9).
KLF4 is able to inhibit both EMT and invasion. Loss
of KLF4 function induces EMT-like morphological
changes, while forced expression of KLF4 is sufficient
to restore E-cadherin expression and suppress migration
and invasion in breast cancer cells (10). On the other
hand, KLF4 also seems to act as an oncogene in head
and neck cancer and pancreatic cancer (11,12). This
indicates that KLF4 can be a tumor suppressor or an
oncogene depending on tumor type. However, whether
KLF4 plays a role in cisplatin resistance of lung cancer
remains unknown.

In this study, we aim to investigate the role of KLLF4 in
cisplatin-resistant lung cancer cells. We developed cis-
platin-resistant lung cancer cell line A549/DDP, and then
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a battery of experiments was used to analyze the effects
of KLF4 in cisplatin resistance of lung cancer.

MATERIALS AND METHODS
Cell Culture

Human lung cancer cell line A549 was obtained from
ATCC. Cisplatin (DDP)-resistant A549 (A549/DDP)
(single clone) cells were developed from AS549 cells
by treatment with gradually increasing concentrations
of DDP in cell culture medium. All the cells were cul-
tured in DMEM medium (Invitrogen Life Technologies,
Carlsbad, CA, USA) supplemented with 10% (v/v) fetal
bovine serum (FBS), 100 unit/ml penicillin/streptomycin
(Invitrogen) at 37°C in a humidified 5% CO, incubator.

Quantitative PCR (qPCR) Analysis

TRIzol reagent (Invitrogen) was used to extract total
RNA from the indicated cells according to the manufac-
turer’s instructions. SYBR Green qRCR Mix (TOYOBO,
Japan) was used for real-time PCR to detect mRNA levels.
The primers are as follows: KLF4, sense, GCCGCTCCAT
TACCAAGAG and antisense, ATCCACAGCCGTCCCA
GTC; B-actin, sense, AGGGGCCGGACTCGTCATACT
and antisense, GGCGGCACCACCATGTACCCT. The
expression of target genes was normalized by B-actin,
and 2724 method was used to process the data.

Western Blot Analysis

The protein was extracted by RIPAlysis buffer (Auragene,
Changsha, China) from indicated cells, and Bradford
Protein Assay Kit (Beyotime Biotechnology, Shanghai,
China) was used to measure the protein concentration. After
being separated on 10% SDS-PAGE gels, the protein was
transferred to nitrocellulose membranes. The membranes
were blocked with 5% nonfat dry milk and incubated with
primary antibodies [rabbit polyclonal anti-KLF4 (Cat.
No. ab72543; dilution: 1:500), rabbit polyclonal anti-Slug
(Cat. No. ab27568; dilution: 1:500), rabbit polyclonal anti-
Twistl (Cat. No. ab49254; dilution: 1:1,000), mouse mono-
clonal anti-vimentin (Cat. No. ab8978; dilution: 1:1,000),
and rabbit monoclonal anti-E-cadherin (Cat. No. ab133597;
dilution: 1:500) from Abcam, Cambridge, UK; mouse
monoclonal anti-GAPDH (1:3,000) from Sigma- Aldrich,
St. Louis, MO, USA] overnight at 4°C. The membranes
were washed with TBST and then incubated with appro-
priate horseradish peroxidase (HRP)-conjugated secondary
antibody. Enhanced chemiluminescence (ECL) reagent was
used to detect the signal on the membrane.

MTT Assay

Cell growth and inhibition of viability were mea-
sured by MTT assay. Three thousand indicated cells
were seeded in each 96-well plate for 12 h and further
incubated for O h and 24 h. One hour before the ending
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of incubation, 100 ul of MTT at 5 mg/ml final concen-
tration was added to each well for 4 h at 37°C. Then
the supernatant was removed, and 150 ul of DMSO was
added to each well for 15 min. After that, OD 570 nm
value in each well was determined by an enzyme
immunoassay analyzer.

Flow Cytometric Analysis of Apoptosis

Cells from each group were trypsinizated and washed
with cold PBS, and Annexin V-FITC-PI (Jiancheng,
Nanjing, China) then was used to stain the apoptosis cells
according to the manufacturer’s instructions. The apopto-
sis rate was analyzed by flow cytometry (BD). The exper-
iments were independently performed in triplicate.

Scratch Assay

Cells in each group were collected and resuspended in
DMEM medium. Each well of a six-well plate was seeded
with 1x10° cells and cultured for 36 h to 90-100% conflu-
ence. The cells were scratched with the head of a 200-pl
tip and washed with serum-free medium. These cells were
further cultured for 0, 24, or 48 h in DMEM medium con-
taining 3% FBS, and these cells in each group were photo-
graphed, and the width of the gap was calculated.

Transwell Assay

The indicated cells were starved for 24 h and then
resuspended in serum-free medium and added to the upper
chamber of the Transwell. The lower chamber was filled
with completed medium containing 10% FBS. Following
48 h of culture, cells attached to the bottom were fixed
and stained with crystal violet for 30 min.

Statistical Analysis

Statistical analyses were performed using GraphPad
Prism 5 software (Graphpad Software, Inc., La Jolla, CA,
USA), and the data are presented as the mean + standard
deviation. An unpaired two-tailed Student’s r-test was
used to analyze the data. A value of p<0.05 was consid-
ered to indicate a statistically significant difference.

RESULTS

KLF4 Was Significantly Decreased
in DDP-Resistant A549 Cells

To investigate the mechanism underlying chemo-
therapy resistance in lung cancer cells, we developed
DDP-resistant A549 cells by treatment with gradually
increasing concentrations of DDP. Our data indicated
that the cell viability assay showed that AS49/DDP cells
could tolerate much higher concentrations of DDP com-
pared with A549 cells, with their ICs, concentrations
found to be more than eightfold higher than those of
parental A549 cells (17 vs. 1.9 ug/ml) (Fig. 1A). We then
analyzed the expression of KLF4 in A549 and A549/
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Figure 1. The expression of KLF4 in A549/DDP cells. (A) MTT assay was used to calculate the ICs, values in DDP-resistant A549
cells and its parental A549 cells. (B) qPCR analysis for KLF4. Data are presented as means+SD. **¥p<0.001.

DDP cells and found that the mRNA levels of KLF4
were significantly downregulated in A549/DDP cells
compared with parental A549 cells (Fig. 1B). These
results indicate that KLF4 may play an important role in
the development of drug resistance in lung cancer cells.

Upregulation of KLF4 Inhibits Cell Proliferation
and Induces Apoptosis

To further investigate the role of KLF4 in DDP
resistance, we overexpressed KLF4 in A549/DDP cells
(Fig. 2A). We found that overexpression of KLLF4 signifi-
cantly inhibited cell proliferation, and DDP sensitivities
were significantly increased after forced overexpression
of KLF4, as the ICs, values were decreased in A5S49/DDP
cells (Fig. 2B, C). In addition, upregulation of KLF4 sig-
nificantly increased apoptosis (Fig. 2D).

Upregulation of KLF4 Represses the Ability of
Migration and Invasion in A549/DPP Cells

Furthermore, we assessed the role of KLF4 in cell
migration and invasion. Scratch assay was used to evalu-
ate the ability of migration. Upregulation of KLF4 sig-
nificantly increased the width of gap compared with the
negative control, indicating that KLF4 was able to inhibit
the movement of A549/DDP cells (Fig. 3A). Upregulation
of KLF4 significantly reduced invasion ability compared
with the negative control in A549/DDP cells (Fig. 3B).
Thus, KLF4 is able to repress the ability of migration and
invasion in A549/DPP cells.

KLF4 Regulates the Expression of EMT-Related Genes

Furthermore, we tested the expression of EMT-related
genes, including Slug, Twist1, vimentin, and E-cadherin by

gPCR (Fig. 4A) and Western blot (Fig. 4B) in A549/DPP
cells after KLF4 overexpression. A significant decrease
in Slug, Twistl, and vimentin was observed in A549 cells
with upregulated KLF4, while E-cadherin expression was
significantly increased by KLF4 overexpression.

DISCUSSION

In this study, we found that KLF4 was significantly
downregulated in cisplatin-resistant A549 cells and forced
KLF4 expression inhibited cell growth and induced apop-
tosis. It is conceivable that KLF4 is able to enhance the
sensitivity of cisplatin to lung cancer cells. KLF4 is a
transcription factor expressed in a wide variety of tissues
in humans and is important in many different physiologic
processes, including development, proliferation, differ-
entiation, and apoptosis (13). KLF4 can either activate or
repress transcription depending on the target gene by uti-
lizing different mechanisms (14). In addition, KLF4 can
function as an oncogene or a tumor suppressor depend-
ing on the type of cancer (15). It was supported that
KLF4 functioned as a tumor suppressor in the human and
mouse intestinal epithelium at an early stage (16). KLF4
is downregulated in adenomas from mice with expression
inversely related to the size of the tumor (17). In human
colon cancer cell lines, several point mutations have been
found in the KLF4 gene, and loss of KLF4 may promote
centrosome amplification and chromosomal instability
after 7y irradiation (18). KLF4 is also downregulated in
gastric cancer, which may result in precancerous changes
in the stomach (19). In addition to gastric and colorec-
tal cancer, KLF4 is downregulated in esophageal cancer
(20), bladder cancer (21), leukemia (22), and non-small
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cell lung carcinoma (23). Thus, taken together with our
results, the evidence strongly supports the hypothesis that
KLF4 functions as a tumor suppressor in lung cancer.
Further, we found that overexpression of KLF4 was
able to inhibit cell migration and invasion, to inhibit the
expression of Slug, Twist, and vimentin, and to increase
the expression of E-cadherin. Epithelial-to-mesenchymal
transition (EMT) is a process characterized by epithe-
lial cells losing cell-cell adhesions and developing a
fibroblastoid motile phenotype (24). EMT was found
to be strongly associated with tumor cell proliferation,
invasion, metastasis, and chemotherapy resistance (25).
Suppression of E-cadherin makes cells lose cell—cell
contacts and detach from each other, while induction of
mesenchymal markers, such as N-cadherin and vimentin,
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makes cells acquire the ability to migrate and invade the
extracellular matrices (26). E-cadherin is frequently lost
in cancer cells, resulting in disruption of the cell—cell con-
tacts, which is associated with the metastasis and escape
from chemotherapy in many cancers, including lung can-
cer (27). E-cadherin can be transcriptionally repressed
by a number of factors, such as Slug and Twist (28).
Recently, KLF4 also seems to function as a transcrip-
tional activator of epithelial genes and as a suppressor
of mesenchymal genes during the process of EMT (29).
Forced KLF4 expression repressed mesenchymal charac-
teristics and then restrained cell migration and invasion
activities, whereas downregulation of KLF4 enhanced
mesenchymal features and cell migration (30). It was
demonstrated that KLF4 was able to bind and suppress
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Figure 3. Overexpression of KLF4 represses the ability of migration and invasion of A549/DDP cells. (A) Scratch assay was used
to measure cell migration in A549/DDP cells after transfection with KLF4. (B) Transwell assay was used to analyze cell invasion in
A549/DDP cells after transfection with KLF4. Data are presented as means+SD. *p<0.05, **p<0.01.
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Figure 4. KLF4 regulates EMT-related genes. (A) gPCR analysis for Slug, Twist, vimentin, and E-cadherin in A549/DDP cells after
transfection with KLF4. (B) Western blot analysis for Slug, Twist, vimentin, and E-cadherin in A549/DDP cells after transfection with
KLF4, and quantification. Data are presented as means+SD. **p <0.01, ***%p <0.001.

the activity of the Slug promoter (31). KLF4 is able to
inhibit EMT by reducing the expression of Snail in a
mouse model of breast cancer (32). In addition, KLF4
binds to the E-cadherin promoter in a region overlapping
with a known ZEB2 binding site to enhance the activity
of E-cadherin promoter (33). The direct transcriptional
targets of KLF4 also included vimentin, B-catenin, and
VEGF-A (33). EMT is also regulated by other factors,
and it is a product of cross talk of signaling pathways.
Thus, it is conceivable that KLF4 inhibits the ability of
invasion and the escape from response to chemotherapy
by repressing the EMT process, and overexpression of
KLF4 may be a potential strategy for lung cancer treat-
ment, especially for cisplatin-resistant cases.
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