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Abstract 

Background: KLF4 is a zin-finger transcription factor that plays roles in differentiation, 
development, and proliferation. Recent studies show that KLF4 is involved in tumorigenesis and 
somatic cells reprogramming. Metastasis is the primary cause of death in patients with lung cancer, 
and its biological mechanisms are poorly understood. 
Goals: In this study, we aim to explore the expression pattern and biological function of KLF4 in 
lung adenocarcinoma. 
Methods: We determined KLF4 in lung adenocarcinoma tissue and cell lines, using 
immunohistochemistry and western blotting. And we further analyzed the correlation between 
KLF4 expression and clinicopathologic parameters. We restored KLF4 expression and studied its 
effect on lung adenocarcinoma cells in vivo and in vitro. Luciferase assay was used to study impact 
of KLF4 on activity of MMP2 promoter. 
Results: KLF4 is dramatically down-regulated in lung adenocarcinoma tissue and cell lines. 
Promoter methylation contributes to the down-regulation of KLF4. Down-regulation of KLF4 in 
lung adenocarcinoma tissue is significantly associated with reduced survival time. Restoration of 
KLF4 inhibits migration and invasion of lung adenocarcinoma cells in vitro. Metastases to lungs 
significantly decrease in mice intravenously injected with tumor cells overexpressing KLF4. KLF4 
inhibits invasion and metastasis via suppressing MMP2 promoter activity.  
Conclusion: The ability of KLF4 to inhibit migration, invasion, and metastasis of lung tumor cells 
indicates a potential role of KLF4 as therapeutic target in lung adenocarcinoma. KLF4 might be 
utilized as a favorable biomarker for prognosis of lung adenocarcinoma patients. 
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Background
Lung cancer is one of the most commonly 

diagnosed cancers and the leading cause of 
cancer-related mortality worldwide [1]. Lung 
adenocarcinoma is the most common histologic 
subtype of lung cancer, accounting for more than 40% 
of incidence [2, 3]. Moreover, lung adenocarcinoma 
has a high risk of distant metastasis at each disease 
stage and the primary cause of lung cancer-associated 
mortality is metastasis [4]. However, the mechanisms 
underlying the metastasis of lung adenocarcinoma 

remain incompletely understood. 
Krüppel-like factor 4, formerly known as 

gut-enriched Krüppel-like factor (GKLF), is a member 
of the Krüppel-like factor (KLF) transcription factor 
family. The KLFs play important roles in 
proliferation, differentiation, development, and 
apoptosis [5-7]. KLF4 mRNA expression is found 
primarily in postmitotic, terminally differentiated 
epithelial cells of the skin and gastrointestinal tract 
[8]. It is also detected in the organs including lung [9], 
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testis [9], skin [10] and thymus [11], and in vascular 
endothelial cells [9]. KLF4 plays important roles in 
cell-cycle regulation and differentiation [12]. In vitro, 
KLF4 inhibits proliferation by blocking cell cycle 
progression at the G1/S boundary [13] and mediates 
the cell cycle checkpoint function of the tumor 
suppressor p53 following DNA damage [14, 15]. 
Recently, KLF4 is identified as one of four 
transcription factors required for the induction of 
pluripotent stem cells (iPS) [16] and is indispensable 
for the maintenance of stemness [17]. 

Interestingly, multiple lines of evidence show 
that KLF4 can function as an oncogene or a tumor 
suppressor in a context-dependent manner [18]. Its 
role is likely determined by expression patterns of 
other genes and the chromatin environment of tumor 
cells. However, the exact mechanisms underlying 
these contradictions remain undefined.  

High KLF4 expression has been demonstrated in 
primary breast ductal carcinoma, head and neck 
squamous cell carcinoma, and skin squamous cell 
carcinoma, suggesting the role of oncogene in these 
tumors [19-21]. Ectopic expression of KLF4 in mice 
induced squamous epithelial dysplasia [20]. In a 
spontaneously metastatic 4T1 breast cancer mouse 
model and an immunodeficient NOD/SCID mouse 
model, KLF4 knockdown delayed tumor 
development and inhibited pulmonary metastasis 
[22]. Consistently, high KLF4 expression has been 
revealed to be a poor prognostic factor in skin cancer 
and early stage breast cancer[23, 24]. 

By contrast, KLF4 was frequently decreased or 
lost in medulloblastoma, lung, esophageal, 
gastrointestinal, pancreatic, hepatic, bladder, renal, 
and cervical cancers [25–35]. Low expression of KLF4 
is an indicator for poor prognosis in gastric and colon 
cancer, suggesting KLF4 as a tumor suppressor [27, 
36]. Promoter methylation and loss of heterozygosity 
(LOH) contribute to the reduced KLF4 expression in 
human gastrointestinal cancer and medulloblastoma 

[25, 27, 30, 37]. Hypermethylation of KLF4 promoter 
was also demonstrated in hepatocellular, cervical, 
renal cell carcinoma [31, 33, 34]. Restoration of KLF4 
inhibited tumorigenecity of colonic and gastric cancer 
cells both in vitro and in vivo [27, 38]. Deletion of 
KLF4 in mouse models leads to abnormal 
differentiation, increased proliferation in the colon 
and gastric epithelia [39, 40]. 

In human lung cancer, Hu et al. reported that 
enforced expression of KLF4 in cancer cells induced 
cell cycle arrest at G1-S checkpoint and inhibited cell 
growth, via up-regulating p21 and down-regulating 
cyclin D1 [29] and human telomerase reverse 
transcriptase (hTERT) [41]. Consistently, enforced 

expression of KLF4 in lung cancer cells suppressed 
tumor growth in vivo. 

However, the clinical relevance and effect on 
invasion and metastasis of KLF4 in lung 
adenocarcinoma is still elusive. 

Material and methods 
Patient information and samples  

Formalin-fixed and paraffin-embedded tissues of 
60 lung adenocarcinoma cases diagnosed from 
January 2006 to December 2007 were retrieved from 
the archives of our hospital. All of the cases were 
classified according to the cancer staging criteria of 
American joint committee [42]. Complete clinical 
information, including the five-year survival 
outcome, was obtained for this study. This study was 
carried out with patients’ consent and approval of 
Ethics Committee of The First Affiliated Hospital of 
Sun Yat-sen University. Tissue microarray (TMA) 
with 33 cases of matched lung adenocarcinoma, 
tumor-adjacent tissue (≥ 3cm from the tumor) and 
normal lung tissues (≥ 5cm from the tumor) was 
brought from Auragene Bioscience, China. 

Immunohistochemistry 
Immunohistochemistry was performed as 

described previously [43] with antibody for human 
KLF4 (1:100; Abcam, USA). Negative controls had the 
primary antibody replaced by PBS. The method for 
scoring took into account the intensity of staining 
(intensity score) and proportion of positively staining 
tumor cells (extent score). The extent of staining, 
defined as the percentage of positively staining tumor 
cells in relation to the whole tissue area, was scored as 
follows: 0,<10%; 1, 10–25%; 2, 26–50%;3, 51–75%; and 
4,>75%. The intensity of staining was scored as 
follows: 0, negative; 1, light yellow; 2, yellow brown; 
3, brown. The total IHC score equals to multiply the 
intensity score by extent score. And total score of ≥ 5 
and < 4 were regarded as high and low KLF4 
expression levels, respectively. Scoring of sections 
was completed by two independent observer blinded 
to the clinical information. Conflicting scores were 
resolved by discussion. 

Cell lines and culture conditions 
The human lung adenocarcinoma cell lines A549 

and H322 were purchased from Cell Bank, Chinese 
Academy of Sciences (Shanghai, China). 293T cells 
and the immortal human bronchial epithelial cell line 
16HBE was gifted from the Cancer Center of Sun 
Yat-sen University. All of the cells were routinely 
cultured in Dulbecco’s modified Eagle’s medium 
(DMEM), supplemented with 10% fetal bovine 
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serum(FBS), 100 U/ml penicillin G sodium and 100 
μg/ml streptomycin sulfate at 37°C in a humidified 
atmosphere containing 5% CO2.  

5’-aza-2’-deoxycytidine treatment 
Cell lines were cultured in fresh medium 

containing 10% FBS for 24 hours, then the medium 
was replaced by complete medium with 0.01, 0.1, 1, 5, 
or 10 mM 5’-aza-2’-deoxycytidine (5-Aza-dC; Sigma, 
USA) or equal volume of vehicle (phosphate buffer 
solution, PBS). The medium containing drug or 
vehicle was replaced every 24 hours. 

Plasmid Construction, transfection and 
luciferase reporter gene assays 

The eukaryotic expression plasmid of 
pcDNA3.1+ was routinely stored in our laboratory, 
and pGL3 and the pRL-TK plasmids were purchased 
from Promega, USA. The full-length KLF4 cDNA was 
subcloned into vector pcDNA3.1+, and MMP2 
proximal promoter (-1659 ~ +57, transcription 
initiation site as +1) was amplified from human 
genomic DNA and cloned into the reporter plasmids 
of pGL3. The inserts were verified by sequencing. For 
transfection, A549 or H322 cells were plated into 
6-well plates and allowed to adhere for 12 hours. 
Lipofectamine 2000 (Invitrogen, USA) was used for 
transfecting the cells with either pcDNA3.1-KLF4 or 
pCDNA3.1 according to the manufacturer’s 
instruction. Cells were cultured for 72 additional 
hours after transfection. G418 (MERCK, Germany) 
were used to generate stably transfected cell lines. For 
luciferase assay, 293T cells were co-transfected with 
expression plasmids, promoter reporter plasmids and 
the pRL-TK plasmids using Lipofectamine 2000. 12 
hours later, cells were washed with PBS twice and 
then incubated in fresh medium supplemented with 
10% fetal bovine serum for additional 36 hours. 
Luciferase activity was detected with the Dual 
Luciferase Reporter Assay System (Promega, USA) 
according to the manufacturer’s instructions. The 
relative luciferase activity was determined using a 
ModulusTM Laboratory Luminometer (Turner 
Biosystems, USA). Transfection efficiency was 
normalized to Renilla luciferase activity. 

Real time-PCR analysis 
Total RNA was extracted using Trizol 

(Invitrogen, USA) according to the manufacturer’s 
protocol. Complementary DNA was then synthesized 
using PrimeScript RT reagent Kit (Invitrogen, USA). 
Quantitative RT–PCR (qRT–PCR) was performed 
using SYBR Premix Ex Taq (TaKaRa, Japan) on ABI 
7900PRISM PCR System (Applied Biosystems, USA). 
Specific primers used are as followed: KLF4: 
5´-TCGTCCACCGCAAATGCTTCTAG-3’ (forward), 

5’-ACTGCTGTCACCTTCACCGTTCC-3’ (reverse); 
MMP2: 5’-ATGGATCCTGGCTTTCCC-3’ (forward), 
5’-GCTTCCAAACTTCACGCTC-3’ (reverse); β-actin: 
5´-TCGTCCACCGCAAATGCTTCTAG-3’ (forward), 
5’-ACTGCTGTCACCTTCACCGTTCC-3’ (reverse). 

Western blot analysis 
Western blotting was performed as previously 

described [34] with antibody against KLF4 (1:500 
dilution; Abcam, USA), MMP2 (1:1000 dilution; CST, 
USA), or GAPDH (1:5000, Bioworld, USA), and 
detection was carried out using biotinylated goat 
anti-rabbit antibody (1:5000, Sigma, USA), followed 
by incubation with peroxidase-linked avidin–biotin 
complex.  

Migration and invasion assay 
Transwell chambers (24-well insert, 8 micron; 

BD, USA) with or without precoated matrigel were 
used to analyze the ability of cell invasion and 
migration respectively. 48h after transfection, cells 
were resuspended in fresh medium with 1% FBS and 
added to the upper chambers. At the end point of 
incubation (migration assay, 48 hours and invasion, 
72 hours), cells on the upper membrane surface were 
removed. The lower membrane surface was fixed by 
4% formaldehyde, and then stained with crystal violet 
and counted under a microscope. 

Animal Experiments 
Six-week-old female athymic BALB/c nude mice 

were purchased from Laboratory Animal Center of 
Guangdong Province (Guangdong, China), and 
housed in laminar flow cabinets under specific 
pathogen-free conditions. To produce experimental 
lung metastases, control or KLF4 overexpressing 
H322 cells (1×106/100ul) were injected into tail vein. 
Mice were killed 30 to 40 days after tumor injection or 
when they had become moribund. Lungs were 
separated and weighted. Metastases on the surface of 
lung were counted (double blinded) with the aid of a 
dissecting microscope. Then the lungs were fixed by 
formalin, embedded with paraffin and cut into 4 
μm-thick slices. Slices were stained with 
hematoxylin-eosin and examined under microscope. 
This study was approved by the Animal Care and Use 
Committee of The First Affiliated Hospital of Sun 
Yat-sen University.  

Statistical analysis 
All statistical analyses were carried out using the 

SPSS 17.0 software. Expression of KLF4 was 
compared between clinicopathological characteristics 
using Chi-square test. Kaplan–Meier method was 
used to plot the survival curves, and the differences 
between curves were validated by log-rank test. The 
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significance of various clinical risk factors for survival 
were initially analyzed using univariate analysis and 
the significant variables were then analyzed using 
multivariate analysis in the Cox proportional hazards 
regression model. For in vitro and in vivo studies, 
each experiment was done independently at least 
thrice with similar results; one representative 
experiment was presented. The in vitro and in vivo 
data were expressed as the mean ± standard deviation 
(SD), and analyzed for significance using the 
Student’s t test or one-way analysis of variance. All 
statistical tests were two-tailed. P < 0.05 was 

considered statistically significant. 

Results 
Promoter hypermethylation contributed to 
reduced expression of KLF4 in lung 
adenocarcinoma cells and tissue 

We firstly investigated the expression of KLF4 in 
lung adenocarcinoma cell lines and immortal human 
bronchial cell line using western blot and quantitative 
real-time PCR. The results showed that KLF4 was 
significantly decreased in lung adenocarcinoma cell 
lines at both mRNA and protein levels, compared 

with the normal bronchial cell line (Fig. 
1A, 1B). To further verify this finding, we 
detected KLF4 protein in 33 matched lung 
adenocarcinoma, tumor-adjacent tissue 
and normal lung tissue in a tissue 
microarray (TMA) using 
immunohistochemistry. We found 
moderate to strong KLF4 expression in 
100% (33/33) of the normal lung tissue and 
tumor-adjacent tissue. However, only 5 
out of 33 (15.2%) cases of lung 
adenocarcinoma was KLF4-positive (Fig. 
1C). Since the promoter region of KLF4 
contains typical CpG islands, we treated 
the lung adenocarcinoma cells with 
5’-aza-2’-deoxycytidine, an inhibitor of 
DNA methyltransferase, to determine 
whether promoter hypermethylation 
contributes to the downregulation. 
Compared with control, 
5’-aza-2’-deoxycytidine significantly 
restored KLF4 protein expression in A549 
in a time- and concentration-dependent 
manner, and in H322 in a time-dependent 
manner. Even though not in a strict 
concentration-dependent manner, 
addition of 5’-aza-2’-deoxycytidine did 
restore the expression of KLF4 in H322 to 
various degree (Fig. 1D). These results 
indicate that promoter hypermethylation 
may contribute to the reduced KLF4 
expression and KLF4 may play a role of 
tumor suppressor in lung 
adenocarcinoma.  

Reduced KLF4 expression was 
related to metastatic progress and 
poor survival in lung 
adenocarcinoma 

To determine the clinical significance 
of KLF4, we performed IHC in 60 lung 
adenocarcinoma tissue with archived 

 

 
Figure 1. Promoter hypermethylation contributed to reduced expression of KLF4 in lung 
adenocarcinoma cells and tissue. Expression of KLF4 was detected in lung adenocarcinoma cell 
lines (A549 and H322) and human bronchial epithelial cells (16HBE) using western blotting (A) and 
real-time PCR (B). GAPDH and β-actin were used as control. C, Immunohistochemistry showed 
that KLF4 protein was significantly reduced in lung adenocarcinoma (C1), compared with matched 
tumor adjacent tissue (C2) and normal lung tissue (C3). D, Lung adenocarcinoma cell lines were 
treated with 5’-aza-2’-deoxycytidine (5-Aza-dC), a methyltransferase inhibitor. Results showed 
that 5-Aza-dC restored KLF4 expression in a concentration- and time-dependent manner. 
*p<0.05. 
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clinical data. Representative images of different 
staining were shown in Fig. 2A. Negative control had 
the KLF4 antibody replaced by PBS (Fig. 2B). Results 
showed that patients with low KLF4 were more likely 
to have advanced tumor staging and to be classified 
as M1 (Table 1). There was no difference in KLF4 
expression when stratified by age, gender and 
smoking status. Kaplan-Meier curve showed that 
patients in low KLF4 expression group had shorter 
survival time than those in high expression group 
(Fig. 2C, log-rank test p=0.022). Other variables that 
affected survival in univariate analyses included T 
classification, N classification, M classification and 
staging (Table 2). The patients’ age at diagnosis, sex, 
and smoking status had no significant effect on 
survival. Cox proportional hazards model was further 
utilized for multivariate analysis. When the effect of 
covariates was adjusted, the loss of KLF4 expression 
was an independent predictor for poor survival 
(hazard ratio (HR), 2.382; 95% confidence interval (CI), 

1.130-5.021).  
In addition, the advanced staging (stage IIIB-IV) 

was also an independent predictor for poor survival 
(HR, 2.326; 95% CI, 1.038-5.213). These results 
suggest that KLF4 may play a role in the progression 
and may be a prognostic biomarker in lung 
adenocarcinoma. 

Restoration of KLF4 inhibited invasion and 
lung colonization 

To determine the role of KLF4 in invasion and 
metastasis of lung adenocarcinoma, we chose A549 
and H322 cells with low KLF4 expression, and then 
restored KLF4 expression by transfecting cells with 
plasmids expressing KLF4 (pcDNA3.1-KLF4) or 
empty vector respectively. Effect of transfection was 
verified by Western blotting and Real-time PCR (Fig. 
3A). The ability of tumor cells to migrate through the 
membranes coated with and without the matrigel was 
detected 72 and 48 hours after cell seeding, respect-
ively. Results showed that ectopic expression of KLF4 

drastically suppressed 
migratory and invasive 
ability of both cell lines, 
compared with that of 
parental or empty 
vector-transfected cells 
(Fig. 3B, 3C). This effect 
was unlikely due to 
KLF4-mediated cell 
growth inhibition, because 
we previously found that 
ectopic expression of KLF4 
had no effect on lung 
tumor cell growth within 
72 hours after cell seeding 
[44]. 

To further investigate 
potential effect of KLF4 on 
tumor metastasis in vivo, 
we injected H322 cells 
stably transfected with 
pcDNA3.1-KLF4 or empty 
vector through tail vein 
into BALB/c-nu mice, 
respectively. Mice were 
sacrificed 30 to 40 days 
after injection or when they 
had become moribund. 
Lungs were separated and 
weighted. Macroscopic 
and microscopic analyses 
revealed that enforced 
KLF4 significantly reduced 
lung colonization (Fig. 4A), 

 

 
Figure 2. Reduced KLF4 expression predicts poorer survival in patients with lung adenocarcinoma. (A) KLF4 was 
detected in 60 lung adenocarcinoma tissues with archived clinical data using immunohistochemistry. Shown were 
representative images of negative (a, b), weak-positive (c, d), and strong-positive (e, f) staining. (B) Negative control had 
the KLF4 antibody replaced by PBS (a). (C) Kaplan-Meier curve showed that patients with low KLF4 expression had 
shorter survival time than those with high expression (log-rank test, p=0.022). 
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numbers of visible nodules (Fig. 4B) and total lung 
weight (0.308 g for KLF4 group vs. 0.395 g for 
controls, n = 6) (Fig. 4C). Taken together, the ability of 
KLF4 to inhibit migration and invasion, as well as 
metastasis of lung tumor cells indicates a potential 
role of KLF4 as therapeutic target in NSCLC.  

 

Table 1. Correlation of KLF4 expression with clinicopathological 
characteristics of patients with lung adenocarcinoma 

 Variables KLF4 expression Chi square test 
p value High Low 

Age(y)   0.570 
≥ 60 14 11  
＜ 60 17 18  
Sex   0.833 
Male 19 17  
Female 12 12  
Clinical stage   0.016 
I 19 11  
II 4 2  
III 6 8  
IV 2 8  
T classification   0.021 
T1 11 4  
T2 14 13  
T3 3 4  
T4 3 8  
N classification   0.044 
N0 21 13  
N1 5 5  
N2 4 8  
N3 1 3  
M classification   0.028 
M0 29 21  
M1 2 8  
Smoking history   0.611 
Smokers 14 15  
Non smokers 17 14  

 

Table 2. Univariate and multivariate cox regression analysis of 
potential prognostic variables in patients with lung 
adenocarcinoma  

  Univariate analysis Multivariate analysis 
 Patients 

(n) 
Regression 
coefficient (SE) 

p Hazard ratio 
(95% CI) 

p 

Clinical stage      
I-IIIA 32 0.926 (0.357) 0.009 2.326 

(1.038-5.213) 
0.029 

IIIB-IV 18     
T classification      
T1-2 42 0.880 (0.362) 0.015 NA  
T3-4 18     
N classification      
N0 34 0.798 (0.358) 0.026 NA  
N1-3 26     
M classification      
M0 50 0.97 (0.413) 0.019 NA  
M1 10     
KLF4 level      
High 31 -0.89 (0.367) 0.015 2.382 

(1.130-5.021) 
0.043 

Low 29     
Note: NA, not available; SE, standard error; CI, confidence intervals 

Ectopic expression of KLF4 decreased MMP2 
expression by inhibiting promoter activity 

Matrix metalloproteinase 2 (MMP2) is a well 
known type IV collagenase which promotes tumor 
metastasis by degrading the basement membrane. 
Tang et al. has reported that KLF4 expression is 
inversely associated with MMP2 expression in 
colorectal cancer, and MMP2 is the direct target of 
KLF4 [45]. We found that enforced KLF4 could 
suppress the expression of MMP2 at both mRNA and 
protein levels (Fig. 5A). Since KLF4 could activate or 
inactivate transcription of many genes, we performed 
a dual luciferase assay to explore effect of KLF4 on the 
activity on MMP2 promoter. As shown in Fig. 5B, 
enforced KLF4 significantly depressed activity of 
MMP2 promoter. These results indicate that KLF4 
may inhibit invasion and metastases through 
suppressing the transcription of MMP2 gene.  

Discussion 
KLF4 has been shown to play the role of 

oncogene or tumor suppressor in a context-dependent 
manner. Several lines of evidence have indicated that 
KLF4 is a putative tumor suppressor in lung cancer. 
Enforced expression of KLF4 in lung cancer cells 
induces G1/S cell cycle arrest and inhibits tumor 
growth in vitro and in vivo [29, 41]. Our previous 
study shows that KLF4 inhibits invasion of lung 
cancer cells via suppression of secreted protein acidic 
and rich in cysteine (SPARC) [44]. In this study, we 
investigated the role of KLF4 in lung adenocarcinoma 
using cell lines, animal models and human specimen. 
Firstly, we explored the expression pattern of KLF4 
protein in tissue microarrays immunohistochemically, 
which showed that KLF4 was frequently lost in lung 
adenocarcinoma compared with normal lung tissue 
and tumor adjacent tissue. Hypermethylation of KLF4 
promoter contributed at least partly to its 
downregulation. We further analyzed relationship 
between KLF4 expression and clinical parameters in 
60 lung adenocarcinoma tissues with survival data, 
and found that KLF4 expression inversely correlated 
with T, N and M classification, and poor prognosis. 
Effects of KLF4 on lung adenocarcinoma cells were 
determined in vivo and in vitro. Results showed that 
enforced KLF4 expression in lung cancer cells 
significantly inhibited migration, invasion and 
metastases to lung. Moreover, ectopic KLF4 
expression suppressed expression of MMP2 via 
inhibiting its promoter activity. In conclusion, our 
study provided clinical evidence and mechanism of 
action that KLF4 inhibited progression of lung 
adenocarcinoma in vivo and in vitro by suppressing 
MMP2 transcription. KLF4 may be a new target for 
patients with lung cancer.  
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Figure 3. Restoration of KLF4 inhibited migration, invasion. (A) Expression of KLF4 was significantly restored by stable transfection of pcDNA3.1-KLF4 vector at 
both protein and mRNA levels, compared with untreated parental group and mock plasmid group. Migration and invasion (B, C) of tumor cells were determined as 
described in Materials and Methods section. The untreated cells were given arbitrary migration and invasiveness percentages of 100%. *p<0.05. 

 
Though 2 studies have shown that KLF4 is 

reduced in non-small cell lung cancer, its expression 
pattern in lung adenocarcinoma and correlation with 
prognosis is still unclear. Hu et al [29]. found that 
KLF4 protein was dramatically down-regulated in 21 
of 25 (84%) primary lung tumors, eight out of 25 were 
lung adenocarcinoma. Another study shows that 
KLF4 is significantly downregulated in lung 
adenocarcinoma, compared with normal control [46]. 
However, neither of them studied the prognostic role 
of KLF4 in lung cancer. Consistently, we found that 
KLF4 was significantly down-regulated in lung 
adenocarcinoma, compared with matched normal 
lung tissue and tumor adjacent tissue. Moreover, we 

found that reduced expression of KLF4 correlated 
with poor prognosis, suggesting its role as a 
prognostic biomarker in lung adenocarcinoma. 
Similar expression pattern and correlation with poor 
prognosis of reduced KLF4 have been shown in 
gastric and colon cancer [27, 36]. These results indicate 
that KLF4 may function as a tumor suppressor and 
could become a prognostic biomarker in lung 
adenocarcinoma. 

Moreover, promoter hypermethylation 
contributes at least partly to downregulation of KLF4 
since treatment with methyltransferase inhibitor 
restored its expression in lung cancer cell lines. 
Expression of KLF4 is regulated at both 
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transcriptional and post-transcriptional levels. 
Transcriptional regulation includes methylation of 
KLF4 promoter and histones, and micro-RNAs (miR). 
Consistent with our finding, promoter 
hypermethylation is the most frequently-reported 
mechanism in tumors including colorectal, gastric, 
and medulloblastoma tissues [25, 27, and 30]. 
Whether other mechanisms like loss of heterozygosity 
and point mutation involve in the loss of KLF4 in lung 
cancer still needs further study.  

Previous studies have shown that KLF4 inhibits 
migratory and metastatic capacity of gastric, 
esophageal cancer [47, 48]. Our previous study shows 

that KLF4 inhibits invasion of lung cancer cells via 
suppression of SPARC [49]. Moreover, KLF4 reverses 
the epithelial-mesenchymal transition, one important 
mechanism allowing tumor metastases, via activating 
epithelial markers of E-Cadherin while suppressing 
mesenchymal markers of SNAIL and SLUG [50-52]. 
Consistently, we found that enforced expression of 
KLF4 inhibited migration, invasion and pulmonary 
metastases of lung adenocarcinoma cells.  

Degradation of the basement membrane is an 
essential step for the metastases of most cancers. 
MMP2 is capable of degrading type IV collagen, the 
most abundant component of the basement 

membrane, to allow cancer cells to 
migrate out of the primary tumor 
to form distant metastases. MMP2 
has been proved to promote tumor 
metastasis and to correlate with 
adverse prognosis in various 
tumors including lung cancer [53, 
54]. Previous studies have shown 
that KLF4 inhibited Snail 
expression [55], and Snail 
significantly increased MMP2 
expression [56], suggesting 
indirect regulation of MMP2 by 
KLF4. Besides, there are three 
putative KLF4-binding sites in 
MMP2 promoter region. KLF4 has 
been shown to suppress MMP2 
transcription by direct binding to 
its promoter and MMP2 
expression is negatively correlated 
with KLF4 expression in colorectal 
cancer tissue [57]. Consistent with 
these studies, we found that 
enforced KLF4 expression 
remarkably suppressed expression 
of MMP2 at both mRNA and 
protein levels. Dual-luciferase 
assay showed that enforced KLF4 
remarkably reduced the activity of 
MMP2 promoter. We assume that 
KLF4 suppresses the transcription 
of MMP2 in direct and/or indirect 
way to suppress invasion of lung 
cancer cells. However, further 
study is needed to clarify the 
underlying mechanisms. Before 
incorporating into clinical usage, 
mechanism via which KLF4 
inhibits metastasis still requires 
further investigation.  

 

 
Figure 4. Restoration of KLF4 inhibited pulmonary metastases of lung adenocarcinoma cells. 1×106 H322 
cells stably transfected with pc-DNA3.1 or pc-DNA3.1-KLF4 vector were intravenously injected into nude 
mice through tail vein (n=6). 30 to 40 days after injection, mice were sacrificed. Lungs were separated and 
examined carefully with macroscope and microscope. Representative images were shown (A). Metastases on 
the surface of lung were counted (B). Lungs were weighed (C). N: normal lung tissue; T: tumor. *p<0.05. 
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Figure 5. Enforced KLF4 downregulated MMP2 expression by suppressing its 
promoter activity. (A) Enforced KLF4 reduced MMP2 protein and mRNA 
expression. (B) Promoter activity of MMP2 was determined by dual luciferase 
assay. *p<0.05. 

 

Conclusion 
Taken together, our present study found that 

KLF4 expression was frequently lost in lung 
adenocarcinoma and hypermethylation of KLF4 
promoter contributed at least partly to its 
downregulation. Downregulation of KLF4 expression 
predicted poor prognosis of patients with lung 
adenocarcinoma. Enforced expression of KLF4 
inhibited migratory and metastatic capacity of lung 
cancer cells in vitro and in vivo. Potential mechanism 
of action included suppression of tumor 
invasion-associated genes of MMP2. Our study shed 
light on the role of KLF4 in lung adenocarcinoma and 
paved the way for its utility as prognostic biomarker 
and treatment target in the future.  
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