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Abstract. Lung cancer is most prevalent human cancer world-
wide. However, no molecular markers are currently available 
for predicting lung cancer prognosis. Therefore, identifying 
novel biomarkers may be useful for improving clinical diag-
nosis and patient stratification. Krüppel-like factor 4 (KLF4) 
is a transcription factor with opposing roles in different human 
cancers. Its overexpression in several cancers is correlated with 
a poor prognosis. However, the expression and role of KLF4 in 
lung cancer remains to be elucidated. The aim of this study 
was to determine the profile of KLF4 expression in different 
types of lung cancer. The KLF4 protein expression level was 
tested and evaluated by immunohistochemical analysis in 
47 lung tumors and normal tissues, and then correlated with 
clinical characteristics. A differential expression of KLF4 
was observed between normal tissue and each of the lung 
cancer types. A significant decrease in KLF4 expression was 
observed in non-small-cell lung cancer (NSCLC) compared 
with that in normal tissue, while significant overexpression 
was detected in small-cell lung cancer. Furthermore, a higher 
rate of expression was observed in stage II, III and IV disease 
compared with stage I disease in NSCLC tissues. KLF4 
expression was not found to be associated with age or gender. 
Our results suggested that the KLF4 protein level may be a 
potential biomarker in patients with advanced lung cancer.

Introduction

Lung cancer is the most common malignancy affecting both 
genders and remains the main cause of cancer-related mortality 
worldwide (1). Despite advances in diagnosis and treatment 
of lung cancer, it remains a disease with high morbidity and 

mortality. Lung cancers are classified according to histological 
type and this classification has important implications for 
the clinical management and prognosis of this disease. The 
two main histological groups are non-small-cell lung cancer 
(NSCLC) and small-cell lung cancer (SCLC). Approximately 
85% of lung tumors are NSCLCs. NSCLC includes three major 
histological subtypes: Adenocarcinoma, squamous cell carci-
noma and large-cell carcinoma (2). Despite the new therapeutic 
approaches, the overall survival of patients with lung cancer 
remains low. The 5-year survival for SCLC is lower compared 
with that of NSCLC (6 vs. 18%, respectively). Therefore, the 
identification of highly sensitive and specific biomarkers that 
highlight pathological changes early during the course of 
the disease, in order to allow timely clinical intervention, is 
crucial. A better understanding of biomarkers associated with 
lung cancer may be of clinical value in improving treatment 
selection and prognostication, and may even set the base for 
the development of future novel targeted therapies.

Krüppel-like factors (KLFs) are a family of evolutionarily 
conserved mammalian zinc finger transcription factors, named 
after their homology with Krüppel, which is a Drosophila 
melanogaster protein (3). KLFs are involved in a number of 
important cellular processes, such as growth, development, 
differentiation, proliferation and apoptosis (4-6). KLF4 (also 
referred to as gut‑enriched KLF or GKLF) is one of the first 
KLF family members identified (7,8).

KLF4 is a transcription factor expressed in a wide variety 
of human tissues, which is important for a number of different 
physiological processes, including development, differentia-
tion and maintenance of normal tissue homeostasis. KLF4 is 
a bifunctional transcription factor able to either activate or 
repress transcription using different mechanisms, depending 
on the target gene. Thus, depending on the cell type or cell 
context, KLF4 may act either as a tumor suppressor gene or 
as an oncogene.

KLF4 is implicated as a tumor suppressor gene in the 
gastrointestinal tract epithelium, as its expression is decreased 
in human colon and gastric cancers (9-11). The loss of KLF4 is 
associated with poor survival (10) and it was found to be down-
regulated in gastric cancer, with evidence of hypermethylation 
of the 5'-untranslated region and loss of heterozygosity of the 
KLF4 locus or point mutations in the coding region (12-14). 
A similar tumor suppressor role is also observed in colorectal 
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cancer (9), esophageal cancer (15), lung cancer (16), bladder 
cancer (17), medulloblastoma (12) and T-cell leukemia (13).

Conversely, KLF4 may function as a transforming onco-
gene. KLF4-transformed rat kidney epithelial cells exhibit 
morphological transformation and an increased tumorige-
nicity in athymic mice (14). Increased KLF4 expression has 
been reported in human head and neck squamous cell carci-
noma and breast cancer (14,18). Moreover, KLF4 expression 
has been demonstrated to be a poor prognostic factor for 
early breast cancer and skin cancer (19,20), corroborating its 
oncogenic role. In the skin, overexpression of KLF4 results 
in hyperplasia and dysplasia (21), eventually leading to the 
development of squamous cell carcinoma (22). Whether 
KLF4 acts as a tumor suppressor or an oncogene is likely 
determined by differences in cell context, expression patterns 
of other genes and the chromatin environment of individual 
cells. However, the mechanism underlying these differences 
remains unknown.

A recent study demonstrated that KLF4 may function as 
a tumor suppressor gene in lung cancer. The expression of 
KLF4 was downregulated in 21 of 25 primary lung cancers 
and ectopic expression of KLF4 suppressed lung cancer cell 
proliferation and clonogenic formation in vitro. Moreover, 
transfection of lung cancer cells with the KLF4 gene also 
suppressed tumor growth in vivo (16). However, the molecular 
mechanism underlying the tumor-suppressive function of 
KLF4 in lung cancer remains to be determined, as only few 
studies have investigated the role and differences in expression 
of KLF4 among different histological groups of lung cancer. 
In this study, the KLF4 protein expression level was inves-
tigated in lung tumors (31 adenocarcinomas and 16 SCLCs) 
and normal tissues and the clinical significance of KLF4 
expression for diagnosis and treatment decision-making was 
evaluated using immunohistochemical analysis.

Materials and methods

Sample collection and clinical data. A total of 47 formalin-fixed 
paraffin‑embedded lung cancer samples (31 adenocarcinomas 
and 16 SCLCs) and normal tissue samples from healthy donors 
(n=13) were collected between January, 2014 and July, 2015 
from the Department of Pathological Anatomy of the Notre 
Dame de Secours University Hospital (Byblos, Lebanon) and 
the National Institute of Pathology (Baabda, Lebanon). All 
the tumor and normal tissue samples were obtained from 
surgical specimens of patients with lung cancer. This study 
was approved by the Institutional Review Board of the Notre 
Dame de Secours University Hospital.

Immediately following surgical removal, all the tissue 
samples were fixed in formalin and embedded in paraffin 
prior to sectioning for histological and immunohistochemical 
analyses. All the cancer tissue samples were graded by a 
pathologist and histologically classified. Epidemiological and 
clinical information were collected from patient records and 
registries (Table I).

Immunohistochemistry and scoring. Paraffin-embedded 
tissue sections (4 µm) were subjected to immunostaining 
using the Ventana automated stainer (BenchMark XT; Roche 
Diagnostics GmbH, Mannheim, Germany) at the National 

Institute of Pathology (Baabda, Lebanon). The tissue sections 
were hydrated through xylene and graded ethanols and equili-
brated in phosphate-buffered saline prior to undergoing antigen 
retrieval. Endogenous peroxidase activity was quenched with 
0.3% hydrogen peroxide for 5 min and the tissue sections 
were incubated with a mouse monoclonal anti-KLF4 antibody 
(cat. no. SAB5300069; clone 1E6; Sigma-Aldrich, St. Louis, 
MO, USA) at a dilution of 1:200 for 1 h at room temperature. 
The appropriate secondary antibody was horseradish peroxi-
dase (HRP)-conjugated rabbit anti-mouse IgG (cat. no. A9044; 
Sigma-Aldrich) at a dilution of 1:200 for 1 h at room tempera-
ture. HRP detection was achieved using 3,3'-diaminobenzidine 
substrate (Sigma-Aldrich) and the slides were counterstained 
with hematoxylin.

Immunostaining was blindly evaluated by two investiga-
tors (G.A. and E.H.) in an effort to achieve a consensus on 
staining patterns by light microscopy. A quantitative score 
was estimated by adding the score of the staining area and 
that of staining intensity for each case to assess the expression 
levels of the protein. The quantitative score was estimated by 
calculating the percentage of immunopositive cells as follows: 
0, no staining of cells in any microscopic fields; 1+, <30% 
of cells stained positive; 2+, 30-60% stained positive; and 
3+, >60% stained positive. The intensity was scored by 
evaluating the average staining intensity of the positive cells 
as follows: 0, no staining; 1+, mild staining; 2+, moderate 
staining; and  3+, intense staining.

Data analysis. All statistical analyses were performed using 
SPSS software for Windows, version 18.0 (SPSS Inc., Chicago, 
IL, USA). A paired t-test was used to compare the KLF4 
expression level between tumors and matched normal tissues 
and among different histological tumor types.

The patients were classified into two groups, namely 
NSCLC and SCLC. The χ2 test was applied to determine the 
correlation between the KLF4 level and clinicopathological 
parameters. P<0.05 was considered to indicate statistically 
significant differences.

Results

Patient characteristics. The characteristics of the patients 
included in this study are summarized in Table I. Lung cancer 
tissues were obtained from 47 patients, namely 31 cases with 
NSCLCs (adenocarcinomas) and 16 cases with SCLCs. The 
median age of the patients was 63 years, and 66.66% of the 
patients were male. Epidemiological and clinical informa-
tion was collected from patient records and registries. All 
the cancer tissue samples were graded by a pathologist and 
histologically classified. After diagnosis, 25.8% of the NSCLC 
patients were diagnosed as stage I (n=8), 29.03% were stage II 
(n=9), 22.58% were stage III (n=7) and 22.58% were stage IV 
(n=7).

KLF4 protein expression in normal and tumor tissues. The 
profile of KLF4 protein expression in the different types of 
tissues is presented in Table II and in Fig. 1. In normal tissues, 
KLF4 was expressed in the nuclei with an overall score of 
1.38±0.6 (mean ± standard deviation). In all tumor tissue 
types, the overall score of KLF4 expression was 1.46±1.27. 
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The statistical analysis revealed no significant difference in 
expression between normal and cancer tissues (P=0.995).

Histological classification of the lung cancer tissues was 
performed in order to identify differential expression of KLF4 
between NSCLC and SCLC and between each tumor type and 
normal tissue. The statistical analysis revealed a significant 
difference in KLF4 expression between NSCLC and SCLC 
samples (P<0.0001). Of the 31 NSCLC cases, 19 (61%) were 
negative for KLF4 and 12 (39%) were positive. All 16 SCLC 
cases were positive for KLF4 [11 cases exhibited intense 
staining (3+) and 5 cases moderate staining (2+)]. The overall 
score of KLF4 expression was 0.7±0.3 and 2.68±0.46 in 
NSCLC and SCLC, respectively. A significant difference was 
also observed between normal tissues and each of the cancer 
tissue types (P=0.00003 for SCLC and P=0.02 for NSCLC).

In NSCLC, a significant difference in KLF4 expres-
sion was observed between stage I and stages II, III and IV 

(P<0.05) (Fig. 2). KLF4 expression was significantly increased 
in tumor stages II, III and IV, whereas all stage I cases (n=8) 
were negative for KLF4 expression. The profile of KLF4 
expression in each tumor stage is shown in Table III and 
examples of the immunohistochemical staining for KLF4 are 
shown in Fig. 3.

Factors associated with KLF4 protein level. In order to deter-
mine any correlation of KLF4 expression with age and gender, 
a statistical analysis was performed; KLF4 expression was not 
found to be significantly associated with age or gender.

Discussion

The identification of proteins or transcription factors with 
altered expression as a manifestation of human lung carci-
nogenesis is important in the discovery of biomarkers for 
early detection of lung cancer. Only a limited number of 
studies have analyzed the expression and role of KLF4 in lung 
cancer (16,23-26). In the present study, we investigated the 
KLF4 protein expression in a series of human lung tumors and 
normal tissues. As a result, differential expression was observed 
between healthy tissue and each of the two major lung cancer 

Table I. Patient characteristics.

Characteristics No. (%)

Total subjects 60
  Healthy 13 (21.66)
  NSCLC 31 (51.66)
  SCLC 16 (26.66)
Gender
Male 40 (66.66)
Female 20 (33.33)
Age in years, median (range) 63
  Healthy 57 (20-87)
  NSCLC 66 (21-84)
  SCLC 65 (23-83)
Stage (NSCLC)
  I 8
  II 9
  III 7
  IV 7

NSCLC, non-small-cell lung cancer; SCLC, small-cell lung cancer.

Table II. Mean KLF4 protein expression in normal and lung 
cancer tissues.

 Mean KLF4 P-value vs.
Tissue type protein expression normal tissue

Normal (n=13) 1.38±0.6
Cancer (n=47) 1.46±1.27 0.995
  NSCLC (n=31) 0.7±0.3 0.02
  SCLC (n=16) 2.68±0.46 0.00003

Values are expressed as mean ± standard deviation. KLF4, 
Krüppel-like factor 4; NSCLC, non-small-cell lung cancer; SCLC, 
small-cell lung cancer.

Figure 1. Krüppel-like factor 4 (KLF4) expression in normal and cancer 
tissues. The KLF4 protein expression levels were significantly decreased 
in non-small-cell lung cancer (NSCLC) tissues and significantly increased 
in small-cell lung cancer (SCLC) tissues compared with normal tissues 
(*P<0.05).

Figure 2. Krüppel-like factor 4 (KLF4) expression in different stages of 
non-small-cell lung cancer. KLF4 expression was significantly increased in 
tumor stages II, III and IV compared with stage I (*P<0.05).
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types (normal vs. NSCLC and normal vs. SCLC) and also 
between NSCLC and SCLC. The protein expression level of 
KLF4 was significantly decreased in NSCLC compared with 
that in normal tissue, while significant overexpression was 
detected in SCLC, which represents the fast-growing nature of 
this type of lung cancer that is considered highly lethal. These 
findings suggest that KLF4 may play a role in the carcinogenic 
process. Stage II, III and IV lung adenocarcinomas exhibited 
significantly higher rates of KLF4 expression compared with 
stage I disease, where the expression of KLF4 was absent. The 
absence of KLF4 expression may be explained by potential 
gene silencing due to hypermethylation. However, the mecha-
nisms underlying this silencing require elucidation by future 
studies. The increase in KLF4 expression in stage II, III and IV 

disease may be associated with decreased tumor differentia-
tion and increased aggressiveness.

Our findings provide preliminary data regarding the 
expression and the potential role of KLF4 in the proliferation of 
lung tumors depending on the cell type and context. Moreover, 
to the best of our knowledge, this is the first collected data 
showing a significant difference in KLF4 protein expression 
between the two major lung cancer types. However, due to the 
lack of patient survival data, we were unable to investigate 
any correlation between immunohistochemical findings and 
patient survival.

Our results were consistent with those reported by 
Naranjo Gómez et al showing high expression of KLF4 
in neuroendocrine lung carcinomas, where KLF4 was 

Figure 3. Analysis of Krüppel-like factor 4 expression by immunohistochemistry. Tissue sections with (A) 0, no staining, (B) 1+, mild staining, (C) 2+, mod-
erate staining and (D) 3+, intense staining.

Table III. Profile of Krüppel-like factor 4 protein expression in each tumor stage (cases per intensity of expression).

 Expression, n (%)
 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Stage 0 (no staining) 1+ (mild staining) 2+ (moderate staining) 3+ (intense staining)

  I (n=8)   8 (100.0)
 II (n=9) 5 (55.0)  4 (45.0)
III (n=7) 3 (44.0) 2 (28.0) 2 (28.0)
IV (n=7) 3 (420) 1 (140) 2 (28.0) 1 (14.0)
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positive in 23 of 35 large-cell neuroendocrine carci-
nomas, 10 of 10 tumorlets, 15 of 47 typical carcinoids and 
18 of 18 SCLCs (25). Our results are also in agreement with 
those of Zhang et al, who demonstrated a reduction of KLF4 
protein expression in NSCLC tumor specimens, compared 
with the expression in control tissues (26). However, in their 
study, Zhang et al did not evaluate the protein expression level 
of KLF4 in a SCLC tissue sample; therefore, a comparison 
of the KLF4 profile between the two major cancer types was 
lacking. The expression of KLF4 appears to exert a dual 
effect on lung cancer, depending on the cell context and gene 
network. Our actual in vitro study aims to determine the 
underlying mechanisms and the potential factors that regulate 
the gene or the protein expression of KLF4 in the two major 
histological groups of lung cancer. DNA mutations, molecular 
alterations, hypermethylation or microRNA expression may be 
associated with altered KLF4 expression in lung cancer types.

Our observations that KLF4 was increased in SCLC 
were not consistent with those of Hu et al, since our observa-
tions indicate that KLF4 may function as a tumor-promoting 
gene in lung cancer. The abovementioned studies have 
demonstrated that the expression of KLF4 is downregulated 
in a number of primary lung cancers and the ectopic expres-
sion of KLF4 suppresses lung cancer cell proliferation and 
tumor growth in vivo (16). This discrepancy may be due to 
the marginally larger tumor sample collection in our study, 
potentially contributing to more relevant results, and to the 
different method used to evaluate KLF4 expression. We 
examined the level of KLF4 protein expression by immu-
nohistochemistry, whereas the level of KLF4 protein was 
measured by western blot analysis in the other study (16). 
However, the downregulation of KLF4 in NSCLC may be 
associated with promoter hypermethylation, a loss of hetero-
zygosity of the KLF4 locus, or to point mutations in the 
coding region. How KLF4 is differentially expressed in lung 
cancers remains unclear. We hypothesized that epigenetic 
control and the gene network may play a role in the vari-
able KLF4 expression levels in lung cancers and, therefore, 
requires further investigation.

KLF4 expression and its role in the two major types of 
lung cancer have not been extensively investigated to date. 
Furthermore, the molecular mechanisms underlying the 
tumor-suppressive or oncogenic function of KLF4 in lung 
cancer remain to be determined. It is important that the 
regulation of KLF4 expression in normal and tumor tissues is 
elucidated in future studies.

Our data suggest that KLF4 protein expression level in 
normal as well as tumor tissues may be a potential biomarker in 
patients with lung cancer. Our findings may be useful for deter-
mining prognostic factors associated with lung cancer and for 
supporting their possible use in lung cancer case stratification. In 
addition, SCLCs present with a more aggressive clinical course. 
Investigating how the microenvironment and cell context affect 
KLF4 expression and, thus, tumorigenesis, tumor progression 
and prognosis, is a major goal in future studies.
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