
 

 

Introduction 
 
In addition to genetic and epigenetic changes 
within tumor-initiating cells, the microenviron-
ment plays important roles in cancer develop-
ment. Tumors frequently developed from the 
chronic inflammation. The interaction between 
tumor-initiating cells and immune cells could 
eventually render the inflammatory microenvi-
ronment permissive to tumor development [1-
2]. Such tumor permissive microenvironments 
are enriched with various cytokines and growth 
factors such as insulin and insulin-like growth 
factor-1 (IGF-1). These bioactive soluble factors 
play important roles in the progression of tu-
mors by activating multiple intracellular signal-
ing pathways important to cellular proliferation 

and differentiation.  
 
As a hormone similar in molecular structure to 
insulin, IGF-1 functions in a paracrine/autocrine 
fashion. Binding of IGF-1 to IGF-1R, a receptor 
tyrosine kinase, could initiate multiple intracel-
lular signaling critical for cell growth and sur-
vival, such as PI3K/Akt signaling pathways [3]. 
By doing so, IGF-1 can promote cancer progres-
sion. The risk of cancer development is higher 
among people with raised concentrations of IGF-
1. IGF-1 was thus proposed as a target for can-
cer treatment.  
 
IGF-1 initiated signaling pathways are also sub-
jected to intracellular or extracellular regulators. 
For example, IGF-1 can interact with IGF binding 
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proteins (IGFBPs). IGFBPs are usually inhibitory 
to the function of IGF-1 since they bind IGF-1 at 
a higher affinity than it binds to its receptor. 
Therefore, increases of IGFBPs are often associ-
ated with the decrease of IGF-1 activity and re-
duced risk for cancer development [3-4]. In ad-
dition, IGFBPs were found to be inactivated 
through promoter hypermethylation in many 
human cancers including gastric cancer [5]. 
Recently, KL was found as an inhibitor of IGF-1 
pathways [6-8], indicating that KL might be rele-
vant to the cancer development by remodeling 
the interaction of tumor-initiating cells with the 
microenvironment. Indeed, KL was found to act 
as a tumor suppressor in human breast cancer 
and cervical carcinoma [9-10]. In the current 
study, we would like to understand the rele-
vance of KL to human carcinogenesis.  
 
Material and methods 
 
Cell lines and tissue samples 
 
All cell lines and primary tissues were obtained 
as previously described [11-12]. All cell lines 
were cultured in RPMI 1640 medium 
(Invitrogen, Carlsbad, CA, USA) supplemented 
with 10% fetal bovine serum and incubated at 
5% CO2, 37ºC and 95% humidity. For plasmid 
transfection, FuGENE 6 (Roche Applied Science, 
Mannheim, Germany) were used following the 
protocol provided. 
  
Pharmacological demethylation 
 
Cells were treated for 72 h with 5 µM 5-aza-2’-
deoxycytidine (Aza) (Sigma, St Louis, MO, USA), 
a widely used methyltransferase inhibitor. Aza 
was replenished every 24 h. An equivalent con-
centration of the vehicle (DMSO) was used as 
the control. The cells were then harvested for 
total RNA and genomic DNA extraction. 
 
Total RNA and genomic DNA extraction 
 
Total RNA and genomic DNA were extracted us-
ing Trizol reagent (Invitrogen) following manufac-
turer’s instruction. The concentrations of RNA 
and DNA were quantified by NanoDrop 1000 
(Nanodrop, Wilmington, USA). 
 
RT-PCR and quantitative real-time RT–PCR 
 
Reverse transcription reaction was performed 
using 1 µg of total RNA with High Capacity cDNA 
Reverse Transcription kit (Applied Biosystems, 

Foster City, CA, USA). KL expression levels were 
determined by conventional RT-PCR with GoTaq 
polymerase (Promega, Madison, WI, USA) and 
quantitative real-time PCR using SYBR Green 
Master Mix Kit (Applied Biosystems). Human 
glyceraldehyde-3-phosphate dehydrogenase 
(hGAPDH) was used as an internal control of 
RNA integrity [11]. Primers used for KL were KL-
F: 5’- ACCTGGTGGCGCACAACC and KL-R: 5’-
TTGGCAAACCAACCTAGTACA.  
 
Bisulfite treatment of DNA and methylation 
analysis 
 
Methylation status of KL was determined by 
MSP (methylation specific PCR) and COBRA 
(combined bisulfite restriction analysis) using 
bisulfite modified genomic DNA as the template 
[12]. Genomic DNA was bisulphite-treated with 
Zymo DNA Modification Kit (Zymo Research, 
Orange, CA, USA) according to the protocol pro-
vided by the manufacturer. MSP was carried out 
for 40 cycles with annealing temperature at 
62ºC, as previously described [13]. For COBRA, 
Bstu I was used to digest the PCR products. 
Primers used for MSP were KL-MF: 5’-
GTCGTCGTTGTAGTTCGTTATC and KL-MR: 5’-
CAACAAACGCCGATAATAACG. Primers used for 
USP (unmethylation specific PCR) were KL-UF: 
5’-TTGTTGTTGTTGTAGTTTGTTATT and KL-UR: 5’-
CCAACAAACACCAATAATAAC. Primers used for 
COBRA were KL-BF: 5’-GGGTTTTTTTTAGGGTAT 
TTTTTT and KL-BR: 5’- GACAAATCCCAATA ATA-
CAAAATA. 
 
Western blot analysis 
 
Proteins were resolved on 10–12.5% SDS-PAGE 
minigels and transferred onto Hybond C nitro-
cellulose membranes (Amersham Life Science, 
Buckinghamshire, UK). Membranes were 
blocked by 5% dry-milk containing TBS-T (Tris-
Buffered Saline Tween-20) and probed with pri-
mary antibodies in blocking buffer overnight at 
4°C. Finally, membranes were incubated with 
secondary antibodies conjugated with HRP 
(horse-radish peroxidase) and signals were visu-
alized with enhanced chemiluminescence 
(Amersham Life Science). Membranes were re-
probed with antibodies against b-actin (Cell Sig-
naling Technology) as the loading control. 
 
Cell growth assay   
 
AGS and MKN28 cells transfected with empty 
vector or pcDNA3.1-KL kindly provided by Prof. 
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Carmeda R. Abraham) were used for monolayer 
colony formation assay and growth analysis. 
Cells were cultured 24 h in a 12-well plate (1.0 x 
105/well) and transfected with pcDNA3.1-KL or 
empty pcDNA3.1 using FuGENE 6 (Roche). After 
48 h, the transfectants were re-plated in tripli-
cate and cultured for 14-20 days in complete 
RPMI1640 medium containing G418 (500 µg/
ml). Surviving colonies were stained with Gen-
tian Violet after methanol fixation and visible 
colonies (≥ 50 cells) were counted. The experi-
ments were repeated three times. For growth 
analysis, 3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethonyphenol)-2-(4-sulphophenyl)-2H-
tetrazolium (MTS) assay was used. Cells tran-
siently transfected with pcDNA3.1-KL or empty 
pcDNA3.1 were measured by a non-radioactive 
proliferation assay based on the ability of me-
tabolically active cells to convert MTS into for-
mazan using the CellTiter 96® AQueous Assay 
kit (Promega, Madison, WI, USA). The quantity of 
formazan was measured at 490 nm absorbance 
after one hour of incubation with CellTiter 96® 
AQueous One Solution Reagent following the 
instructions provided.  
 
Flowcytometry analysis 
 
Cells transfected with empty vector or KL-
expressing vectors were stained with PI 
(propidium iodide) and FITC labeled Annexin-V 
and analyzed by Flow Cytometry (BD Biosci-
ences, Franklin Lakes, NJ, USA). Cells negative 
for PI but positive for FITC are early apoptotic 
cells while cells positive for both PI and FITC are 
cells in late apoptosis or necrosis. 
 
Statistical analysis 
 
The difference of KL mRNA expression between 
tumor and adjacent non-tumor tissues was ana-
lyzed by the Wilcoxon matched pairs test. The χ2 
tests were used for comparison of patient char-
acteristics and distributions of methylation by 
vital status. The probability of overall survival 
was calculated with the Kaplan-Meier method 
and differences between curves were evaluated 
with the Log-rank test. Multivariate Cox propor-
tional hazards models were also constructed to 
estimate the RRs (Relative risks) for various 
parameters including KL promoter methylation, 
with adjustments of other parameters such as 
gender, Lauren type, differentiation and TNM 
stage. All analyses were performed using SPSS 
for Windows, version 14.0, software. P-value < 

0.05 was taken to define the statistical signifi-
cance. 
 
Results 
 
KL is downregulated in gastric cancer 
 
In order to know whether KL is relevant to gas-
tric carcinogenesis, expression of KL in primary 
gastric carcinoma and adjacent non-tumor tis-
sues were determined by real-time RT-PCR. KL 
was significantly downregulated in primary gas-
tric carcinoma tissues (n=22, p<0.05, Wilcoxon 
matched pairs test) (Figure 1A). Consistently, KL 
expression in a panel of gastric carcinoma cell 
lines were also reduced (Figure 1B), indicating 
that KL might play as a tumor suppressor in 
gastric cancer.  
 
KL functions as a tumor suppressor in gastric 
cancer 
 
To confirm such assumption, we evaluated the 
growth of gastric cancer cell lines before and 
after restoration of KL expression. Both tran-
sient and stable KL transfection led to a signifi-
cant growth inhibition of two independent gas-
tric cancer cell lines (Figure 2A and B). Such a 
growth inhibition was accompanied by the sup-
pression of Erk phosphorylation (Figure 2C) as 
well as the increase of apoptosis and p21 ex-
pression (Figure 2D) 
 
KL is epigenetic silenced in gastric cancer 
 
After confirming the tumor suppressor function 
of KL in gastric caner, we would like to know the 
mechanism responsible for the downregulation 
of KL in gastric cancer. A typical CpG island 
(CGI) was found in the promoter region of KL 
(Figure 3A), indicating that the expression of KL 
might be regulated by promoter hypermethyla-
tion. Indeed, both COBRA (combined bisulfite 
restriction analysis) and MSP (methylation spe-
cific PCR) revealed that KL promoter was hyper-
methylated in all gastric cancer cell lines (Figure 
3B and C). To further confirm the relevance of 
promoter hypermethylation to the downregula-
tion of KL in gastric cancer cells, KL expression 
in gastric cancer cells before and after pharma-
ceutical demethylation were determined by RT-
PCR. KL expression was significantly upregu-
lated after Aza treatment (Figure 3D), highlight-
ing the contribution of promoter hypermethyla-
tion to KL downregulation.     
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Figure 1. KL is downregulated in gastric cancer. (A) KL expression in primary gastric carcinoma tissues and adjacent 
non-tumor tissues were determined by real-time RT-PCR (n=22, p<0.05, Wilcoxon matched pairs test). GAPDH was 
used for the normalization. (B) KL expression in gastric cancer cell lines were determined by RT-PCR. GAPDH was 
used the loading control.  

Figure 2. KL functions as a tumor suppressor in gastric cancer. (A) The growth of gastric cancer cell lines transiently 
transfected with pcDNA3.1-KL or empty vector were determined by MTS assay. The asterisks indicate statistical dif-
ference (p<0.05, Student’s t test). (B) Colony formation assay was applied to analyze the long-term effect of KL ex-
pression on the growth of gastric cancer cells. The asterisks indicate statistical difference (p<0.05, Student’s t test). 
(C) Cells stained with PI and FITC-Annexin-V were subjected to Flowcytometry analysis. (D) The amount of phosphory-
lated Erk-1/2 and p21 were determined by western blotting. Pan-Erk-1/2 and GAPDH were used as the loading con-
trol respectively.   
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Promoter methylation of KL is associated with 
poor outcome of gastric cancer patients 
 
We further evaluated the methylation of KL pro-
moter in primary gastric carcinoma tissues. No-
tably, methylation of KL promoter occurred in 
46% (47/99) gastric cancer patients but not 
normal gastric tissues (0/10) (Figure 4A). The 
association of KL promoter hypermethylation 
with clinicopathologic characters of gastric can-
cer patients was summarized in Table 1. There 
was no significant correlation between the me-
thylation of KL promoter and clinicopathologic 
features such as gender, Lauren type, differen-
tiation, or pathologic stage. Interestingly, KL 
promoter hypermthylation seems to be associ-
ated with the survival status of gastric cancer 
patients. The percentage of KL promoter hyper-
methylation were 32% (8/25) in survived pa-

tients and 53% (39/74) in another group of pa-
tients (p=0.073, Chi-square test). We therefore 
analyzed the effect of KL promoter hypermthyla-
tion on survival of gastric cancer patients using 
Kaplan-Meier survival and Cox regression analy-
ses. Indeed, KL promoter hypermethylation was 
significantly associated with the poor outcome 
of gastric cancer patients (p=0.025, Log-rank 
test) (Figure 4B). The multivariate Cox regres-
sion analysis indicated that KL promoter hyper-
methylation is an independent prognosis factor 
of gastric cancer patients (RR: 3.87, 95% CI: 
1.27-11.77, p=0.017) (Table 2).    
 
Discussion 
 
Gastric cancer remains the second leading 
cause of cancer death worldwide. The develop-
ment of gastric cancer, similar to other cancers, 

Figure 3. KL downregulation in gastric cancer cells was mediated by promoter hypermethylation. The schematic struc-
ture of the KL CGI was shown in (A) CGI was plotted by GeneTool program. Black triangles indicate BstU I sites. Pro-
moter methylation of KL were analyzed by Cobra (B) and MSP (C), respectively. M: methylation specific PCR; U: un-
methylation specific PCR. N1 and N2 are normal stomach tissues. (D) The expression of KL before and after Aza 
treatment were analyzed by RT-PCR. GAPDH was used as the loading control.             
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Figure 4. Methylation of KL promoter was associated with poor outcome of gastric cancer patients. (A) Methylation of 
KL promoter were analyzed by Cobra as Figure 3B. T1 and T2 are tumor tissues; A1 and A2 are adjacent non-tumor 
tissues; N1 and N2 are normal stomach tissues. (B) Survival curves were plotted based on Kaplan-Meier survival 
analysis. Methylation status of KL promoter was used as the variate to separate two lines (n=99, p=0.025, Log-rank 
test). 

Table 1. Clinicopathologic features of KL methylation in gastric cancer 
  
Characteristics   Methylated   Unmethylated   

n %   n %   
Gender               
 M 24 43.6   31 56.4   

0.393  F 23 52.3   21 47.7   
H. pylori infection               
 Positive 16 50   16 50   

0.898  Negative 16 51.6   15 48.4   
Lauren               
 Diffuse 13 43.3   17 56.7   

0.579  Intestinal 19 47.5   21 52.5   
Differentiation               
 Poor (or no differentiation) 20 51.3   19 48.7   

0.274  Well or moderate 11 37.9   18 62.1   
TNM stage               
 I 7 46.7   8 53.3   

0.283 
 II 10 62.5   6 37.5   
 III 11 36.7   19 63.3   
 IV 15 57.7   11 42.3   

p-value   
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is a multiple-stage process in which the accu-
mulation of genetic and epigenetic changes 
finally leads to the clonal selection of variant 
progenies with the most aggressive growth prop-
erties [2, 14-16].  
 
The epigenetic changes such as promoter DNA 
methylation can induce the inactivation of tu-
mor suppressor genes that are important to 
prevent carcinogenesis. Promoter methylation 
was therefore proposed as a marker to identify 
new tumor suppressor genes [17-20]. We and 
others have previously found many cancer-
related genes frequently silenced through pro-
moter hypermethylation in gastric cancer [11, 
21-26]. In addition, promoter methylation can 
facilitate the progression of cancers by confer-
ring certain growth advantages to the affected 
cells. Thus, promoter methylation of some tumor 
suppressor genes can also be used as the prog-
nosis factor to predict the outcome of cancer 
patients [11, 27]. 
 
In the current study, we found KL as a new tu-
mor suppressor genes inactivated in gastric 
cancer through promoter hypermethylation. By 
inhibiting the activity of insulin/IGF-1 pathways, 
KL functions as a tumor suppressor in human 

breast cancer and cervical carcinoma [9-10]. In 
addition to its well-characterized function to 
inhibiting insulin/IGF-1 signaling, KL was found 
to act as the secreted Wnt antagonist [10]. 
Therefore, its function loss may contribute to 
aberrant activation of the canonical Wnt path-
way in addition to insulin/IGF-1 signaling. Both 
pathways are important to the development and 
progression of many cancers including gastric 
cancer. In deed, estoration of KL expression in 
gastric cancer cells indeed suppressed cell 
growth and Erk phosphorylation, induced apop-
tosis and increased p21 expression (Figure 2). 
 
In consistent with our finding, KL was found to 
be downregulated in cancers of bladder [28], 
breast [29-30],lung [31], kindey [32], and 
melanoma [33], mesothelioma [34]. Its 
downregulation was also associated with poor 
outcome of patients with breast cancer [35] and 
glioblastoma [35-36].  
 
Similarly, other inhibitors of IGF-1 signaling such 
as IGFBPs were found to be inactivated through 
promoter hypermethylation in many cancers 
including gastric cancer [5]. Methylation of 
IGFBP3 and other IGFBPs correlated with cellu-
lar immortalization as well as drug resistance 
[37-38]. In addition, promoter methylation of 
IGFBPs were proposed to be a useful prognostic 
marker for disease progression and death in 
multiple cancers such as ovarian cancer, breast 
cancer, and lung cancer [39-41]. Interestingly, 
we found that methylation of KL promoter was 
also useful in the outcome prediction of gastric 
cancer patients. It would be important to know 
whether such a biomarker can be used to moni-
tor the progression of precancerous lesion. 
 
In summary, we identified KL as a new tumor 
suppressor gene epigenetically inactivated in 
gastric cancer. Promoter hypermthylation is an 
independent prognosis factor to predict the out-
come of gastric cancer patients.  
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TNM stage     
 I 0.05 (0.01-0.38) 0.004 
 II 0.04 (0.10 - 0.57) <0.001 
 III 0.48 (0.26 - 0.89) 0.020 
 IV 1.00   
KL     
Methylated 3.87 (1.27 – 11.77) 0.017 
Unmethylated 1.00   
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