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Clinical Significance of Aberrant Wnt7a Promoter Methylation in 
Human Non-Small Cell Lung Cancer in Koreans

The Wnt signaling pathway has regulatory roles in cell proliferation, differentiation, and 
polarity. Aberrant Wnt pathway regulation can lead to abnormal cell proliferation and 
cancer, and loss of Wnt7a expression has been demonstrated in lung cancer cell lines. 
E-cadherin keeps intercellular integrity and prevents metastasis. Therefore, E-cadherin has 
been known as a prognostic factor in cancer. In the present study, we investigated the 
E-cadherin expression status by immunohistochemical stain and the Wnt7a promoter 
methylation status in human non-small cell lung carcinoma (NSCLC) by methylation-
specific PCR. We also analyzed their correlations with clinicopathological factors. 
Methylation of the Wnt7a gene promoter was detected in the lung tissues of 32 of 121 
(26.4%) patients with NSCLC. Wnt7a promoter methylation was correlated with advanced 
tumor stage (P = 0.036) and distant metastasis (P = 0.037). In addition, Wnt7a promoter 
methylation showed correlation with loss of E-cadherin expression (P < 0.001). However, 
Wnt7a promoter methylation was not closely related with gender, age, histological type, 
or smoking habit. Even though Wnt7a methylation could not show significant correlation 
with the long term survival of the patients with limited follow up data, these findings 
suggest that loss of the Wnt7a gene induced by promoter methylation might be another 
prognostic factor for NSCLC and that restoration of Wnt7a may be a promising treatment 
for NSCLC.
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INTRODUCTION

Primary carcinoma of the lung is one of the leading causes of 
cancer-related deaths worldwide. Lung cancer is a heteroge-
neous disease that can be classified into small cell lung cancer 
and non-small cell lung cancer (NSCLC); NSCLC accounts for 
about 80% of cases of lung cancer worldwide. Although the 5-yr 
survival rate (15%) has improved due to advances in combined 
modality treatment, the overall prognosis of NSCLC is still very 
poor (1). Thus, new treatment modalities based on the patho-
genesis of NSCLC are needed.
 Aberrant regulation of developmental signaling pathways is 
a major concern in human cancers. Mutations in the Ki-Ras 
gene, loss of function in tumor suppressor genes (Rb, p53), and 
overexpression of epidermal growth factor receptor family mem-
bers are observed in NSCLC (2-6). These findings indicate that 
genetic alterations and disruptions contribute to the develop-
ment of NSCLC. 
 There is a great deal of evidence that dysregulation of the Wnt 
pathway is involved in human pathologies, including cancers. 
The Wnt family of 19 secreted glycoproteins is highly conserved 
in mammals and is involved in cell fate specification, prolifera-
tion, polarity, and migration (7). APC, β-catenin, and Wnt path-

way components are frequently mutated in human colon can-
cers (8). The Wnt pathway is also involved in other types of can-
cer, including hepatocellular carcinoma, breast cancer, and uter-
ine carcinoma (9-11). Several studies indicated that Wnt7a acts 
as a tumor suppressor in NSCLC. Aberrant Wnt signaling has 
also been reported in lung cancer, and loss of Wnt7a expression 
occurs in some NSCLC cell lines (12, 13). Re-expression of Wnt7a 
shows anti-tumorigenic effects in human lung cancer cell lines 
through E-cadherin restoration (14). E-cadherin keeps intercel-
lular integrity and prevents metastasis. Therefore, E-cadherin 
has been known as a prognostic factor in cancer. These studies 
indicated that Wnt7a acts as a tumor suppressor in NS CLC. How-
ever, the actual role of Wnt7a in the regulation of tumor forma-
tion in primary human NSCLC remains to be clarified.
 Other than genetic alterations, epigenetic alteration is clearly 
acknowledged as an equally important mechanism for carcino-
genesis (15). Epigenetic mechanisms consist of DNA methyla-
tion, nucleosome positioning, histone modifications, and small, 
noncoding RNAs (miRNA, siRNA) regulation. From these mech-
anisms, especially DNA methylation of the 5´-CpG island (pro-
moter) is a major cause of tumor suppressor gene inactivation 
in cancers, including NSCLC (15, 16). And, the silencing of Wn-
t7a expression induced by promoter methylation has been iden-
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tified in pancreatic cancer (17, 18). 
 In the present study, we performed methylation-specific PCR 
to examine the methylation status of Wnt7a in primary NSCLC 
and analyzed the correlations between aberrant Wnt7a methyl-
ation and clinicopathological factors or E-cadherin expression. 
Furthermore, we tried to investigate the possible effect of Wn-
t7a methylation on the patients’ survival. 

MATERIALS AND METHODS

Patients and tissue samples
A total of 121 patients diagnosed with primary NSCLC by patho-
logic confirmation at Hanyang University Hospital from Janu-
ary 1998 to December 2000 were included in this study. Patients 
diagnosed only by cytology were excluded because methylation 
specific PCR (MSP) and immunohistochemical staining using 
cytology samples could not be performed. None of the patients 
received radiotherapy or chemotherapy before diagnosis. All 
diagnoses were based on pathological evidence from tissues 
obtained by surgery or bronchoscopic biopsy. All tissue sam-
ples were fixed in formalin and embedded in paraffin blocks. 
Histological classification was conducted according to World 
Health Organization International Histological Classification of 
Lung Tumor criteria (19). The tumor stage was determined ac-
cording to the TNM staging guidelines suggested by the Inter-
national Union Against Cancer. The demographic and clinical 
characteristics of the patients are summarized in Table 1. 

Immunohistochemical staining
An E-cadherin immunohistochemical analysis was conducted 
on formalin-fixed paraffin-embedded tissue sections. Tissue 
sections were dehydrated in xylene and rehydrated in a graded 
ethanol series. Endogenous peroxidase activity was blocked by 

immersing the sections in hydrogen peroxide solution. The cut 
sections were boiled for 60 min in citrate buffer (pH 6) for heat-
induced epitope retrieval. The primary antibody to E-cadherin 
(Cell Signaling Technology, Danvers, MA, USA) was used at a 
1:100 dilution for 1 hr at room temperature. Slides were incu-
bated for 30 min at room temperature with normal rabbit IgG at 
the same concentration as the primary antibody. This was fol-
lowed by applying streptavidin horseradish peroxidase enzyme 
complex and diaminobenzidine chromogen. The slides were 
then counterstained in hematoxylin and coverslipped.
 The tissue sections were scored semiquantitatively for mem-
brane and cytoplasmic staining by light microscopy. Labeling 
scores were determined by multiplying the percentage of posi-
tive tumor cells per slide (0% to 100%) by the dominant staining 
intensity (0 = negative, 1 = trace, 2 = weak, 3 = intermediate, 4=  
strong). Resulting scores ranged from 0-400. Specimens with 
overall scores of 5-100, 101-200, 201-300, and 301-400 were clas-
sified as trace, low-level, intermediate-level, and high-level ex-
pression, respectively. Specimens exhibiting a complete absence 
of staining or faint staining in less than 5% of the cells were clas-
sified as negative (Fig. 1). All samples were evaluated and scored 
by specialized pathologist randomly without knowledge of the 
patient’s clinical information.

Wnt7a gene promoter PCR methylation 
Formalin-fixed paraffin-embedded samples were deparaffiniz-
ed with standard xylene and hydrated through a graded alcohol 
series into water. Then, genomic DNA was extracted using a QIA-
amp® DNA FFPE Tissue kit (Qiagen, Valencia, CA, USA), accor-
ding to the manufacturer’s instructions, and stored at -80°C un-
til use. 
 Tumor DNA (100 ng) was mixed with 2 μg of salmon sperm 
DNA and NaOH to a final concentration of 0.3 M NaOH. Dena-
turation was conducted for 15 min at 37°C. Bisulfate conversion 
was performed with 5 M bisulfate (Zymo Research, Orange, CA, 
USA) solution and 100 mM hydroquinone (Zymo Research) (pH 
5) at 50°C for 6 hr. DNA modification was completed by NaOH 
treatment for 10 min at room temperature, followed by ethanol 
precipitation. The DNA was resuspended in 30 μL of sterile de-
ionized water and used immediately or stored at -80°C.
 The Wnt7a gene promoter methylation status was determin-
ed by methylation-specific PCR using bisulfite genomic DNA as 
the template. Two sets of primers described previously (19) were 
used to discriminate between the methylated and unmethylated 
alleles. The sense and antisense primers for the methylated Wnt-
7a were 5´-GTA GTT CGG CGT CGT TTT AC-3´ and 5´-CGA 
AAC CGT CTA TCG ATA CG-3´, respectively, and the primers 
for unmethylated Wnt7a were 5´-TAG TTT GGT GTT GTT TTA 
TGT TG-3´ and 5´-CCC CAA AAC CAT CTA TCA ATA C-3´, re-
spectively. The PCR mixture contained 2.5 μL of 10 ×  reaction 
buffer (100 mM Tris-HCl, 500 mM KCl, 15 mM MgCl2), 2 μL of 

Table 1. Patient characteristics 

Characteristics                 Subjects (%)

Male (%) 96/121 (79.3)
Age (yr)                61.1 ± 9.3 
Histological type
   Squamous cell carcinoma
   Adenocarcinoma
   Adenosquamous cell carcinoma
   Large cell carcinoma

68 (56.2)
46 (38.0)
4 (3.3)
3 (2.5)

Smoking status
   Smoking/Nonsmoking/Unknown 64/42/15 (52.9/34.7/12.4)
Pathological stage (pT)
   T1 –2/T3-4
   Unknown

50/34 (41.3/28.1)
37 (30.6)

Lymph node metastasis (pN)
   N0/N1-3
   Unknown

26/57 (21.5/47.1)
38 (31.4)

Distant metastasis
   M0/M1
   Unknown

88/32 (72.7/26.4)
1 (0.8)
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deoxynucleotide triphosphates (final concentration 200 μM 
each), 15 pM of each primer (Cosmo, Seoul, Korea), 10 μL of 
modified DNA, 0.75 U of TaqTM polymerase (Intron Biotechnol-
ogy Inc., Seongnam, Korea), and was adjusted with water to a 
final volume of 25 μL. The PCR conditions were as follows: for 
unmethylated DNA, 35 cycles of 95°C for 1 min, 60°C for 1 min, 
and 72°C for 1 min; for methylated DNA, 35 cycles of 95°C for 1 
min, 58°C for 1 min, and 72°C for 1 min. PCR products were re-
solved on 2% agarose gels and visualized by ethidium bromide 

staining under UV illumination. In vitro methylated genomic 
DNA (Chemicon International, Temecula, CA, USA) was used 
as the positive control. A water blank was used as a negative 
control.

Statistical analysis
The chi-square test was used to analyze the possible correlations 
between clinical factors and Wnt7a methylation status of tumors. 
All analyses were performed using IBM SPSS statistics for Win-

A B

DC

Fig. 1. Examples of Immunohistochemical analysis of E-cadherin protein expression in lung cancer tissues. (A) trace, (B) low, (C) intermediate, (D) strong expression of E-cadherin 
(magnification, ×100).
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dows (IBM SPSS 21.0). In all analyses, P < 0.05 was taken to in-
dicate statistical significance.

Ethics statement
This study was approved by the institutional review board of Han-
yang University Hospital (IRB No. 2008-111). Informed consent 
was waived by the board.
 

RESULTS

Methylation frequency of the Wnt7a gene promoter in 
lung cancer tissue samples
A methylation-specific PCR (MSP) assay was performed to de-
termine the methylation status of the Wnt7a gene promoter in 
121 NSCLC tissues. Fig. 2 shows representative MSP results. Of 
the 121 tumor tissue samples collected from patients with pri-
mary NSCLC, 32 (26.4%) showed methylation in the Wnt7a gene 
promoter region. We also performed MSP of Wnt7a in non-tu-
mor lung tissue (50 of 121 samples) obtained from surgically 
resected specimens of patients with lung cancer. None of the 50 
(0%) corresponding non-tumor tissue samples showed meth-
ylation in the Wnt7a promoter region.

Correlations between aberrant Wnt7a methylation and 
clinicopathological factors
We analyzed the associations between Wnt7a gene promoter 

methylation status and various clinicopathological characteris-
tics of patients with NSCLC, including gender, age, histological 
type, smoking habit, and TNM staging. Because the acquisition 
of the clinical data was performed with retrospective chart re-
view of more than 10 yr ago, there were inevitable missing data 
in the smoking status, pathologic T or N stage (Table 1). As shown 
in Table 2, Wnt7a promoter methylation showed no significant 
correlation with baseline demographic factors like gender, age 
and smoking status. Even though local tumor progression and 
lymph node metastasis status also showed no significant corre-
lation with Wnt7a promoter methylation, patients with distant 
metastases showed higher frequency of Wnt7a promoter meth-
ylation than the patients without metastases as shown in Table 
3 (40.6% vs. 21.6%, P = 0.037). Moreover, the rate of Wnt7a me-
thylation was significant higher in patients with a surgically in-
operable (IIIb and IV) tumor stage than operable stage (37.3% 
vs. 18.8%, P = 0.036).

Correlation between Wnt7a methylation and E-cadherin 
expression
Wnt7a methylation was preferentially observed in cases with 
low E-cadherin expression (Table 4). The frequency of Wnt7a 
methylation was 69.7% in patients with trace or low E-cadherin 
expression. Furthermore, no Wnt7a promoter methylation was 
observed in patients with high E-cadherin expression level. As 
a result, very strong negative correlation was found between E-
cadherin expression and Wnt7a promoter methylation. It means 

Table 2. Correlation between Wnt7a methylation and clinicopathological factors

Characteristics

Wnt7a methylation status

P valueMethylated 
(n = 32)

Unmethylated 
(n = 89)

Male gender 23 (71.9%) 73 (82.0%) 0.224
Age (yr) 62.1 ± 9.5 61.3 ± 9.5 0.718
Histological type
  Adenocarcinoma
  Adenosquamous carcinoma
  Squamous cell carcinoma
  Large cell carcinoma

15 (46.9%)
0 (0.0%)

16 (50.0%)
1 (3.1%)

31 (34.8%)
4 (4.5%)

52 (58.4%)
2 (2.2%)

0.439

Smoking status
  Smokers
  Nonsmokers

14 (50.0%)
14 (50.0%)

50 (64.1%)
28 (35.9%)

0.425

200 bp

 L No 1 No 2 +

 M U M U

Fig. 2. Representative results showing Wnt7a gene promoter methylation in non-small 
cell lung cancer tissues. Wnt7a gene promoter methylation status and corresponding 
unmethylated non-tumor tissue samples determined by methylation-specific PCR. 
Sample No. 1 shows promoter methylation. No. 2 is an unmethylated sample. A water 
blank was used as a negative control, and in vitro methylated genomic DNA was 
used as a positive control. M, PCR with Wnt7a primer for methylated DNA; U, PCR 
with primer for unmethylated DNA.

Table 3. Correlation between Wnt7a methylation and lung cancer staging status 

Characteristics

Wnt7a methylation status

P valueMethylated  
(n = 32)

Unmethylated 
(n = 89)

Pathological stage (pT)
   T1-T2
   T3-T4

10 (45.5%)
12 (54.5%)

40 (65.4%)
22 (35.5%)

0.118

Lymph node metastasis (pN)
   N0
   N1-3

6 (28.6%)
15 (71.4%)

20 (32.3%)
42 (67.7%)

0.753

Distant metastasis
   M0
   M1

19 (59.4%)
13 (40.6%)

69 (78.4%)
19 (21.6%)

0.037

Overall lung cancer stage
Operable (I-IIIA) 13 (40.6%) 56 (62.9%) 0.036
Inoperable (IIIB-IV) 19 (59.4%) 32 (36.0%)
Unknown 0 1 (1.1%)

Table 4. Correlation between E-cadherin expression and Wnt7a methylation

Expression level Number

Wnt7a methylation status

P valueMethylated 
(n = 32)

Unmethylated 
(n = 89)

Low 33 23 (69.7%) 10 (30.3%) 0.00
Intermediate 43 9 (20.9%) 34 (79.1%)
High 45 0 (0.0%) 45 (100.0%)
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that Wnt7a methylation would cause the loss of E-cadherin ex-
pression.

Correlation between Wnt7a methylation and survival of 
the patients
We could confirm the survival status of 71 patients with retro-
spective chart review and available patients contact. We ana-
lyzed the possible correlation between Wnt7a methylation and 
long-term survival. Univariate analysis showed that presence of 
Wnt7a methylation, inoperable stage or higher T and M stage 
had significantly shorter survival (Table 5).
 However, with Kaplan-Meyer curve with available survival sta-
tus and cox regression model including sex, age, smoking sta tus, 
stage, and E-cadherin expression, there was no significant cor-
relation between Wnt7a methylation and survival (Fig. 3).
 

DISCUSSION

In this study, we detected Wnt7a promoter methylation status 
in patients with NSCLC and analyzed its association with clinico-
pathological factors of lung cancer. Overall, 26.4% of patients 
with NSCLC showed Wnt7a promoter methylation. Wnt7a pro-
moter methylation was strongly correlated with loss of E-cad-
herin expression, local tumor progression and distant metasta-
sis, higher stage and possibly survival. The results suggested 
that Wnt7a methylation may be a promising prognostic factor 
for NSCLC. In particular, the correlation between the loss of E-
cadherin and Wnt7a methylation was interesting and may be 
clinically useful.
 E-cadherin is a direct mediator of cell - cell adhesion interac-
tions. A reduction in intercellular adhesion is the main cause of 
the invasive properties of many primary malignant tumors. The 

cytoplasmic tail of E-cadherin is linked to the cytoskeleton via 
catenins. Loss of E-cadherin in cancer induces an epithelial-me-
senchymal transition and is associated with cell de-differentia-
tion, invasion, and metastasis (20). Several clinical studies have 
shown that reduced E-cadherin and catenin levels result in poor 
prognosis and short survival in patients with NSCLC (21-29). 
There are various mechanisms that may underlie a loss of E-ca-
dherin, such as downregulation of growth factor receptors, pro-
moter methylation, or gene mutations (30, 31). Several transcrip-
tional repressors also inhibit E-cadherin gene expression (32, 
33). In the present study, patients with NSCLC and reduced E-
cadherin expression had a high frequency of Wnt7a promoter 
methylation. Furthermore, Wnt7a methylation was not detect-
ed in patients showing normal E-cadherin expression. 
 There is also evidence that E-cadherin is a Wnt target gene. 
In Drosophila, an E-cadherin homolog is regulated by Wnt sig-
naling (34). In mice, the E-cadherin promoter has a LEF-1 tran-
scriptional binding site that is activated by β-catenin (35), and 
Wnt/β-catenin signaling upregulates cadherin-11 expression in 
Xenopus (36). Several previous studies indicated the loss of Wn-
t7a mRNA in lung cancer cell lines and primary tumors (12-14). 
Ohira et al. (37) reported that E-cadherin was induced by Wn-
t7a transfection in a cancer cell line. In this previous study, Wn-
t7a was also shown to increase cytoplasmic β-catenin levels. They 
assumed that E-cadherin was induced through the canonical 
Wnt pathway. Winn et al. (14) also demonstrated that Wnt7a 
induces E-cadherin through the Frizzled-9 receptor. However, 
they did not determine whether Wnt7a stimulated β-catenin/T 
cell factor activity. Induction of Wnt7a by E-cadherin is mediat-
ed through ERK-5-dependent activation of PPAR-γ in NSCLC 
cells (14). Restoration of Wnt7a expression accompanied by in-
duction of E-cadherin protein expression stimulates epithelial 
differentiation and inhibition of NSCLC cell proliferation (13). 

Table 5. Factors affecting the survival of the patients

Characteristics  Survival duration (months) P value

T status
   T1-2
   T3-4

35.0 ± 23.7
17.7 ± 18.7

0.008

N status
   N0
   N1-3

33.0 ± 24.8
25.6 ± 22.4

0.317

M status
   M0
   M1

29.3 ± 22.7
9.2 ± 13.1

0.001

Operable stage
   Operable
   Inoperable

35.2 ± 23.1
13.3 ± 15.7

0.000

E-cadherin
   None
   Low
   Intermediate
   High

19.3 ± 37.3
19.9 ± 21.1
20.9 ± 18.4
29.0 ± 25.7

0.530

Wnt7a promotor methylation
   Methylation (+)
   Methylation (-)

15.2 ± 16.6
27.1 ± 23.6

0.046

Fig. 3. Kaplan-Meyer survival curve of the patients according to the Wnt7a methyla-
tion status. Black stands for Wnt7a methylation negative, and gray stands for positive. 
Cox regression analysis including sex, age, smoking status, stage, and E-cadherin 
expression, showed no significant correlation between Wnt7a methylation and survival.
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Therefore, it seems likely that loss of Wnt7a caused by promoter 
methylation results in the loss of E-cadherin expression in hu-
man NSCLC. While several in vitro and ex vivo studies have in-
dicated that Wnt7a acts as a tumor suppressor, there have been 
no human studies to identify the clinical significance of Wnt7a. 
 This is the first study to analyze the relationship between loss 
of Wnt7a and clinicopathological status in human lung cancer. 
Although we did not demonstrate that the loss of E-cadherin 
was caused by Wnt7a methylation, a strong inverse correlation 
was observed between the loss of Wnt7a and E-cadherin ex-
pression. Wnt7a promoter methylation was detected in 69.7% 
of the patients showing trace or low-grade E-cadherin expres-
sion. Moreover, Wnt7a promoter methylation was not detected 
in the patients showing high grade E-cadherin expression (Ta-
ble 4). It is unclear whether Wnt7a promoter methylation and 
loss of E-cadherin are coincident or causal, as promoter meth-
ylation underlies various gene silencing mechanisms and an-
other pathogenic cause may be involved in the reduction of E-
cadherin expression accompanied by Wnt7a methylation. Our 
data suggest that loss of Wnt7a plays an important role in de-
creased E-cadherin expression.
 We also analyzed the prognostic effects of Wnt7a methyla-
tion on long-term survival. Even though the patients with Wn-
t7a methylation seemed to show shorter survival with univari-
ate analysis, multivariate analysis using Cox regression model 
showed no significant correlation between Wnt7a methylation 
and long term survival. This finding could implicate that the ef-
fect of Wnt7a methylation on the prognosis of NSCLC might be 
not so strong as the profound effect of advanced staging or pres-
ence of metastasis. In addition, in this study, we excluded all 
NSCLC patients diagnosed by cytology only because methyla-
tion PCR could not be performed. Therefore, it is possible that 
many patients with inoperable stages were counted out, and our 
survival data seems to be influenced by selection of subjects.
 In addition to the staging system, we observed that E-cadherin 
expression and Wnt7a methylation showed an inverse correla-
tion in this study regardless of causal relation. Moreover, E-cad-
herin is a well-known marker of NSCLC prognosis (21). Thus, it 
was presumed that loss of Wnt7a by promoter methylation would 
be a poor prognostic factor not directly but indirectly via E-cad-
herin expression and the advanced staging. Because of the ret-
rospective study design and large portion of missing survival 
information, further studies are necessary to clarify the useful-
ness of Wnt7a as a prognostic marker and a novel treatment 
modality. Because of the weak or less significant correlation be-
tween Wnt7a methylation and the overall survival of the patients 
in our study, comparison studies including Wnt7a methylation 
and other biomarkers including various genetic or epigenetic 
alteration for the prediction of the clinical course in NSCLC could 
be helpful.
 In summary, the overall frequency of Wnt7a promoter meth-

ylation was 26.4% of human NSCLC tissues in our study. The 
rate of Wnt7a loss by promoter methylation was significantly 
higher in patients with advanced tumor stages than in those 
with less advanced stages. We also demonstrated the correla-
tion between the loss of E-cadherin and Wnt7a promoter meth-
ylation. These findings suggest that loss of the Wnt7a gene in-
duced by promoter methylation may be an important prognos-
tic factor for NSCLC. 
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