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Abstract Krüppel-like factor 8 (KLF8) plays a key role in
cancer progression. However, its expression pattern and rela-
tionship with clinicopathological characteristics in non-small
cell lung cancer (NSCLC) has not been completely elucidated.
The study aimed to investigate the expression of KLF8 and its
correlation with clinical pathologic features in NSCLC and to
explore the potential mechanism. The expression of KLF8 in
NSCLC was detected by RT-PCR, Western blot and immuno-
histochemistry. The expression of Vimentin and E-cadherin,
epithelial-mesenchymal transition (EMT) markers, were de-
tected by immunohistochemistry in the NSCLC. The relation-
ship between KLF8 expression and various clinicopathologi-
cal features or EMT markers was investigated. The results
showed m-RNA and protein of KLF8 were overexpressed in
NSCLC and the percent of KLF8 positive cells was positively
correlated with TNM stage, lymph node metastasis and poor
overall survive. Moreover, high expression of KLF8 correlat-
ed with E-cadherin low expression, and Vimentin overexpres-
sion. Additionally, COX multivariate regression analysis sug-
gested that TNM stage, KLF8, E-cadherin and Vimentin were
independent prognostic indicators for overall survival of

patients with NSCLC. The data demonstrate that KLF8 is
overexpressed in NSCLC. KLF8 overexpression promotes
the malignancy of NSCLC, which mechanism may be in-
volved in EMT. KLF8 maybe serve as a potential therapeutic
target for NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-related mortality in
the majority of countries worldwide, with over 1 million
deaths each year [1]. Non-small cell lung cancer (NSCLC)
accounts for approximately 80% of all lung cancer cases
[2]. Despite great advances of the therapies, the 5-year
survival rate of lung cancer is still below 15% [3, 4].
Hence, investigating the genes involved in the process
of tumor cell invasion and metastasis in NSCLC, as
well as identifying their molecular biological mecha-
nisms are essential steps for the treatment and prognosis
prediction of NSCLC.

The Krüppel-like factor (KLF) family as transcription fac-
tors share homology in their three C2-H2 zinc finger DNA
binding domains and play diverse roles, containing the regu-
lation of cell cycle, proliferation, differentiation, apoptosis,
development and tumorigenesis [5–7]. Like other members
of the KLFs, KLF8 shares the well-conserved DNA-binding
zinc finger domains on its C-terminus and a distinct sequence
in the N-terminus domain which is thought to determine its
functional specificity through recruiting other proteins [8].
KLF8 was initially identified as a transcription repressor in a
vitro reporter system [9]. However, recent investigation iden-
tified KLF8 as a critical role in mesenchymal transition and
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invasion, which seemly plays a crucial role in metastatic pro-
gression of human carcinoma [10]. KLF8 was barely
expressed in normal human epithelial cells but highly
overexpressed in some certain human malignant tumors and
played a significant role in cancer progression [10], such as
ovarian [11], breast [12], renal [13], liver [14, 15], gastric
cancer [16, 17]. Moreover, overexpression of KLF8 was
strongly associated with early tumor recurrence and poor
prognosis in patients with hepatocellular carcinoma (HCC)
after surgery [15]. However, no data of KLF8 are available
for NSCLC.

Epithelial-mesenchymal transition (EMT) is a cell biolog-
ical program, characterized by the loss of epithelial features
such as E-cadherin or gamma-catenin low expression and
vimentin or periostin overexpression [18]. EMT is implicated
in cancer progression and metastasis. Cancer cells undergoing
EMT can acquire invasive properties and enter the surround-
ing stroma, creating a favorable microenvironment for cancer
progression and metastasis [19, 20]. Recently, KLF8 has been
linked to EMT, because KLF8 overexpression down-
regulated the expression of E-cadherin and facilitated invasion
in breast carcinoma cells [12]. In addition, KLF8 knockdown
in gastric cancer cells significantly increases E-cadherin ex-
pression and reduces vimentin expression [14]. However, it is
still unclear whether expression of KLF8 correlates with the
EMT in NSCLC.

The present study aimed to investigate the expression of
KLF8 and its correlation with clinicopathological features, as
well as the relationship between KLF8 and indicators of EMT
in NSCLC patient.

Materials and Methods

Patients and Tissue Samples

NSCLC tissues and the corresponding paracancer tissues were
collected from surgical resection specimens of 134 patients
who had not undergone radiotherapy and chemotherapy in
the Affiliated Hospital of Nantong University between 2009
and 2011 and snap-frozen in liquid nitrogen. Use of tissue for
this study was approved by our Local Research Ethics
Committee. The TNM stage was accorded to the 7th Edition
of TNM in Lung Cancer [21]. All patients provided written
informed consent. Clinical data of these patients were summa-
rized in Table 2.

Real-Time PCR

The total RNA of cancer and paracancer samples from 7
NSCLC patients was isolated using UNIQ-10 Spin Column
RNA Purified Kit (Sangon, Shanghai, China). The first strand
cDNA was synthesized using RevertAidTM First Strand

cDNA Synthesized Kit (Fermentas, Burlington, Canada).
First Strand cDNA was subsequently subjected to Corbett
RG-6000 PCR system (QIAGEN, Dusseldorf, German) using
FastStart Universal SYBR Green Master Mix (Roche, Basel,
Switzerland). The reactions were optimized by varying the
annealing temperatures from 50 ~ 55 °C, the sense
and antisense primers were synthesized as follows:
GAPDH 5′-GCAAGTTCAACGGCACAG-3′, 5′-GCCA
GTAGACTCCACGACAT- 3 ′ ; KLF8 5 ′ -GCTC
ACCGCAGAATCCATACA-3 ′ , 5 ′ - GTGCACCG
AAAAGGCTTGAT-3′.

Western Blot Analysis

The tissues were lysed in RIPA buffer (50 mMTris-HCl,
PH7.5 ; 150 mMNaCl; 1% NP-40; 0 .5% sodium
deoxycholate; 0.1% sodium dodecyl sulfate) containing com-
plete protease inhibitor cocktail (Pirece Biotechnology, IL,
USA) and placed on ice for 30 min. The supernatant was
collected and concentrated by centrifugation at 15,000 g for
5 min at 4 °C. Protein concentrations were determined with
the Bradfordassay (Bio-Rad, Hercules, California, USA).
Denatured protein (200 μg) was separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and
sub-sequently transferred to a polyvinylidene difluoride
(PVDF) membrane. The membrane was then blocked with
5% nonfat milk in TBST for 2 h and then incubated with
polyclonal antibody to KLF8 (1:1000, Cell Signaling
Technology, California, USA) or anti-GAPDH polyclonal an-
tibody (1:500, Bioss, Beijing, China) at 4 °C for 24 h, and
finally incubated with the second antibody at room tempera-
ture for 2 h. After three washes with TBST, the membrane was
developed with enhanced chemiluminescence (ECL, Pierce
Company, Kocktord, Illinois, USA). The optical densities
were analyzed by using ImageMasterTM2D Platinum
(Version 5.0, Amersham Biosciences, Piscataway, NJ).

Immunohistochemistry (IHC)

IHC was performed as described previously [22]. Polyclonal
rabbit anti-human KLF8 (1:150; Aviva Systems Biology,
California, USA), E-cadherin antibody (1:500; Abcam, San
Francisco, USA) and Vimentin antibody (1:100; Santa Cruz,
California, USA). Counterstaining with hematoxylin was per-
formed and visualized on the DM IL LED microscope (Leica
Microsystems GmbH).

The immunostaining results were interpreted independent-
ly by two expert pathologists who blinded to the clinical data.
The staining intensity was scored using the following scale of
four grades: 0, no staining; 1, weak staining; 2, moderate
staining; and 3, strong staining. At least 5 areas of each core
were viewed and the proportion of cells in each core staining
positively was assigned a score (0□100%). A semi-
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quantitative histopathology (H) score was obtained by multi-
plying the staining intensity score with the percentage score
(0 ~ 300). An H-score higher than the median was considered
positive. All samples were evaluated at 200 magnification.

Statistical Methods

Statistical analysis was performed using statistics package for
social science 21.0 (SPSS 21.0). The expression of KLF8
mRNA and protein of cancer and paracancer samples was
analyzed using independent t test. Associations between
KLF8 expression and the clinicopathological characteristics
or EMT indicators were analyzed using Person Chi-Square
or Fisher’s exact test. Five-year overall survival (OS) was
the primary outcome measure, estimated using the Kaplan-
Meier method and differences in survival among groups were
compared using the log-rank test. Multivariate analysis was
performed using Cox regression model. A P-value less than
0.05 were considered statistically significant.

Results

KLF8 mRNA Expression Detected by Real-Time PCR

The KLF8 mRNA of cancer and paracancer samples from 7
NSCLC was detected by Real-time PCR. KLF8 gene level in
cancer samples was ~12 folds higher than that in paracancer
samples, the difference between the cancer and paracancer
samples was statistically significant (Fig. 1).

KLF8 Protein Expression Detected by Western Blot

KLF8 protein of cancer and paracancer samples from 7
NSCLC was detected by Western Blot. Semi-quantitative

assay showed KLF8 protein level in cancer samples was
higher than that in paracancer samples, the difference between
the cancer and paracancer samples was statistically significant
(Fig. 2).

IHC Assessment of KLF8, E-Cadherin and Vimentin
Expression

KLF8 protein was mainly located in the nuclear, and some in
the cytoplasm. KLF8 strong staining was found in cancer
samples from patients with NSCLC, whereas there was no
or low KLF8 expression in paracancer tissues (Fig. 3a, b).
The positive expression of KLF8 was more frequent in 62 of
134 (46.27%) cases of NSCLC than that in paracancer sam-
ples (10 of 134; 7.46%) (Fig. 3g).

Expression of E-cadherin was mainly located in the cell
membrane. Weak staining was found in cancer samples,
whereas there was strong or moderate E-cadherin expression
in paracancer tissues (Fig. 3c, d). The positive expression of
E-cadherin was low frequent in 62 of 134 (46.27%) cases of
NSCLC than that in paracancer samples (10 of 134; 7.46%)
(Fig. 3g).

Vimentin expression was mainly observed in the cyto-
plasm. Vimentin strong staining was found in cancer samples
from patients with NSCLC, whereas there was no or low
Vimentin expression in paracancer tissues (Fig. 3e, f). The
positive expression of Vimentin was more frequent in 76 of
134 (56.72%) cases of NSCLC than that in paracancer sam-
ples (15 of 134; 11.19%) (Fig. 3g).

Fig. 1 KLF8 mRNA expression was detected by Real-time PCR. The
KLF8 mRNA of cancer and paracancer samples from 7 NSCLC was
detected by Real-time PCR. KLF8 gene level in cancer samples was
~12 folds higher than that in paracancer samples. * vs. paracancer
samples P < 0.05

Fig. 2 KLF8 protein expression was detected by Western Blot. a: KLF8
protein of cancer and paracancer samples from 7 NSCLCwas detected by
Western Blot. b: Semi-quantitative assay showed KLF8 protein level in
cancer samples was higher than that in paracancer samples. * vs.
paracancer samples P < 0.05
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Correlation between Expression of KLF8 and the EMT
Indicator Proteins

The relationship between expression of KLF8 and the two
EMT indicators were analyzed and were outlined in Table 1.

The result showed that high expression of KLF8 was
positively correlated with anomalous positivity of
Vimentin (P = 0.006), and inversely with a loss of E-
cadherin expression (P = 0.019) in NSCLC samples
(Table 1).

The Relationships between KLF8 Expression
and Clinicopathological Characteristics

An overview of KLF8 expression and clinicopathologi-
cal parameters was shown in Table 2. KLF8 overexpres-
sion was significantly associated with TNM stage
(P < 0.001), and lymph node metastases (P < 0.001),
respectively. And there was no significant relationship
between KLF8 protein level and variables like tumor
histology, age, gender, smoking history, tumor grade
(P > 0.05) (Table 2).

Table 1 Correlation
between expression of
KLF8 and the EMT
marker proteins

EMT marker KLF8 P

– +

E-cadherin 0.019

– 38 45

+ 34 17

Vimentin 0.006

– 39 19

+ 33 43

Fig. 3 IHC assessment of KLF8,
E-cadherin and Vimentin
expression. KLF8 protein was
mainly located in the nuclear, and
some in the cytoplasm. KLF8
strong staining was found in
cancer samples from patients with
NSCLC (a, ×200), whereas there
was no or low KLF8 expression
in paracancer tissues (b, ×200).
The positive expression of KLF8
in cancer samples was more than
that in paracancer samples (g).
Expression of E-cadherin was
mainly located in the cell
membrane. Weak staining was
found in cancer samples (c,
×200), whereas there was strong
or moderate E-cadherin
expression in paracancer tissues
(d, ×200). The positive
expression of E-cadherin in
cancer samples was low than that
in paracancer samples (g).
Vimentin expression was mainly
observed in the cytoplasm.
Vimentin strong staining was
found in cancer samples from
patients with NSCLC (e, ×200),
whereas there was no or low
Vimentin expression in
paracancer tissues (f, ×200). The
positive expression of Vimentin
in cancer samples was more than
that in paracancer samples (g). *
vs. cancer samples P < 0.05
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The Five-Year OS Rate

The mean five-year OS of patients with KLF8 positive was
35months (95%CI: 30.0 to 40.3months). Themean five-year
OS of patients with KLF8 negative was 43 months (95% CI:
38.1 to 48.2 months). The five-year OS rate was significantly
shorter for KLF8 positive patients than for KLF8 negative
patients, the difference was statistically significant (Fig. 4a).
A high level of KLF8 expression was associated with de-
creased survival time.

The mean five-year OS of patients with E-cadherin positive
was 45months (95%CI: 40.0 to 50.9months). The mean five-
year OS of patients with E-cadherin negative was 36 months
(95% CI: 31.1 to 40.6 months). The five-year OS rate was
significantly shorter for E-cadherin negative patients than for
E-cadherin positive patients, the difference was statistically
significant (Fig. 4b). A low level of E-cadherin expression
was associated with decreased survival time.

The mean five-year OS of patients with Vimentin positive
was 28months (95%CI: 23.6 to 32.4months). The mean five-
year OS of patients with Vimentin negative was 55 months
(95% CI: 51.2 to 58.3 months). The five-year OS rate was
significantly shorter for Vimentin positive patients than for
Vimentin negative patients, the difference was statistically
significant (Fig. 4c). A high level Vimentin expression was
associated with decreased survival time.

The Result of COX Multivariate Regression Analysis

The Cox’s proportional hazards regression model proved that
KLF8, E-cadherin, Vimentin and TNM stage were indepen-
dent prognostic indicators for overall survival of patients with
NSCLC (P<0.05, Table 3).

Discussion

In this study, we emphasized the prognostic value of KLF8
expression in NSCLC. KLF8 overexpression was found in
tumor samples of NSCLC and was significantly correlated
with TNM stage and lymph node metastasis. KLF8 overex-
pression was correlated with decreased overall survival.
Overexpression of the KLF8 gene was also observed in ovar-
ian [11], breast [12], renal [13], liver [14, 15], gastric [16, 17]
cancers. Previous study confirmed that KLF8 was a valuable
prognostic indicator for poor survival in HCC [15]. The latest
research showed that KLF8 was closely associated with gas-
tric tumor progression, angiogenesis and poor prognosis [17].
Our present results are consistent with previous studies.

However, the exact mechanisms of KLF8 tumorigenic ef-
fects in NSCLC have not been elucidated. KLF8 has been
identified to enhance the cell cycle progression in ovarian
cancer cells by transducing FAK to PI3K to AKT to SP1
signaling to elevate cyclin D1 expression [11]. It is reported
that KLF8 promoted HCC cell proliferation through mediat-
ing Wnt to β-catenin signaling [14].

EMT is implicated in cancer progression and metastasis.
Cancer cells undergoing EMT can acquire invasive properties
and enter the surrounding stroma, creating a favorable micro-
environment for cancer progression and metastasis [19, 20].
EMT is characterized by the loss of epithelial features such as
E-cadherin or gamma-catenin low expression and vimentin or
periostin overexpression [18]. Overexpression of KLF8 pro-
tein suppressed the expression of E-cadherin and promoted
invasion in breast carcinoma cells [12]. Down-regulated ex-
pression of KLF8 in gastric cancer cells significantly in-
creased E-cadherin expression while reduced vimentin ex-
pression [14]. To identify the relation between KLF8 and
EMT in NSCLC, two EMT markers were investigated in
NSCLC using IHC. The results showed that high levels of
expression of the KLF8 protein correlated with low

Table 2 The relationships between KLF8 expression and
clinicopathological characteristics

N KLF8 P值

(−) (+)

Gender 0.990

Male 108 58 50

Female 26 14 12

Smoking history 0.119

Yes 85 50 35

No 49 22 27

Age(years) 0.420

≤ 60岁 49 24 25

>60岁 85 48 37

histological type 0.425

Squamous cell carcinoma 48 38 20

Adenocarcinomas 86 44 42

Differentiation 0.527

Well 11 6 5

Moderate 65 38 27

Poor 58 28 30

Tumor size 0.723

<3 cm 81 45 36

≥ 3 cm 53 27 26

Lymphatic metastasis <0.001

No 73 51 22

Yes 61 21 40

TNM stage <0.001

I 43 37 6

II 55 27 28

III 36 8 28
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expression of E-cadherin and overexpression of Vimentin. It
indicated a potential role of KLF8 in EMT of NSCLC. It is
confirmed that EMT phenomenon is correlated with poor sur-
vival in NSCLC [19, 20]. It is reported that E-cadherin low
expression was significantly linked with the poor overall sur-
vival of lung cancer [23]. However, whether Vimentin expres-
sion is associated with survival in lung cancer is still contro-
versial. Some reports showed that vimentin overexpression
was associated with a poor outcome of the patients [24, 25].
By contrast, other researchers reported that the expression of
Vimentin in primary lung adenocarcinomas was not associat-
ed with the overall survival, postoperative recurrence and
progression-free survival [26, 27]. In this study, we showed
that both E-cadherin and vimentin expression were associated
with NSCLC outcome.

Fig. 4 The five-year OS rate was estimated using the Kaplan-Meier
method and differences in survival among groups were compared using
the log-rank test. a: The five-year OS rate was significantly shorter for
KLF8 positive patients than for KLF8 negative patients, the
difference was statistically significant. A high level of KLF8
expression was associated with decreased survival time. b: The
five-year OS rate was significantly shorter for E-cadherin

negative patients than for E-cadherin positive patients, the
difference was statistically significant. A low level of E-cadherin
expression was associated with decreased survival time. c: The
five-year OS rate was significantly shorter for Vimentin positive
patients than for Vimentin negative patients, the difference was
statistically significant. A high level Vimentin expression was
associated with decreased survival time

Table 3 The result of COX multivariate regression analysis

Hazard ratio 95% CI P

Age 0.896 0.569–1.412 0.637

Gender 0.698 0.377–1.292 0.252

Smoking history 1.314 0.837–2.063 0.236

Histological type 1.158 0.724–1.854 0.541

Differentiation 0.779 0.541–1.121 0.179

Tumor size 1.083 0.627–1.872 0.775

Lymphatic metastasis 0.752 0.479–1.179 0.214

TNM stage 1.338 1.008–1.776 0.044

KLF8 1.729 1.106–2.701 0.016

E-cadherin 0.556 0.344–0.900 0.017

Vimentin 7.292 1.106–2.701 <0.001
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As far as we know, this is the first report of the significance
of KLF8 expression in NSCLC. In conclusion, our data dem-
onstrate that KLF8 is overexpressed in NSCLC. KLF8 over-
expression promotes the malignancy of NSCLC, which mech-
anism may be involved in EMT. KLF8 maybe serve as a
potential therapeutic target for NSCLC.
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