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Abstract. In order to determine whether the deleted in liver 
cancer-1 (DLC-1) gene is deregulated in non-small-cell lung 
carcinoma (NSCLC) and to assess the contribution of molec-
ular alterations in DLC-1 to lung carcinogenesis, a total of 
84 tissue specimens (30 NSCLC and 30 corresponding adjacent 
normal tissues; 5 benign tumor and 5 corresponding adjacent 
normal tissues; and 10 pulmonary bullae and 4 corresponding 
adjacent normal tissues), were obtained from 45 patients 
who underwent curative surgical resection. DLC-1 mRNA 
expression was evaluated by reverse transcription-quantitative 
polymerase chain reaction (PCR) and its protein level was 
assessed by western blot analysis. A significant downregula-
tion of DCL-1 at the mRNA and protein levels was observed 
in NSCLC tissues when compared to benign lung tumors and 
normal lung tissues (P<0.001). To further determine whether 
the decreased expression of DLC-1 at the mRNA and protein 
levels is associated with the methylation of its promoter, meth-
ylation‑specific PCR was performed following extraction of 
genomic DNA from the samples. DLC-1 promoter methylation 
was identified in 7 of the 30 (23.3%) NSCLC tissue samples, 
but not in the corresponding adjacent normal tissues from 
NSCLC patients or in lung tissues from non-NSCLC patients. 
Our data indicated that DLC-1 hypermethylation may play a 
crucial role in lung carcinogenesis and may be a target for the 
treatment of NSCLC.

Introduction

Lung cancer, with ~80% of the cases comprising non-small-cell 
lung carcinomas (NSCLCs), is one of the most common types 
of human cancer worldwide and the most common cause of 
cancer-related mortality in China (1). Since only 15-20% of 
the patients survive to 5-years (2), lung cancer cure rates are 
currently disappointing.

Tumorigenesis is a complex, multistage process, involving 
numerous epigenetic modifications and genetic alterations. 
It is essential to characterize the molecular mechanisms 
underlying tumor formation and progression in order to 
develop rational approaches to cancer diagnosis and therapy. 
The inactivation of the tumor suppressor gene deleted in liver 
cancer-1 (DLC-1), which is induced by promoter methylation, 
was recently suggested to play a central role in tumorigen-
esis in several cancer models, including diffuse large B-cell 
lymphoma (3), gallbladder carcinoma (4), gastric cancer (5), 
hepatocellular carcinoma (6), breast cancer (7) and multiple 
myeloma (8). Accumulating evidence indicates that DLC-1 
inactivation induced by methylation may also be involved in 
lung carcinogenesis. It was demonstrated that DLC-1 tran-
scription was significantly reduced or lost in primary tumors 
and NSCLC cell lines (9), while frequent heterozygous dele-
tion (10) and DNA methylation of DLC-1 (11) was observed 
in lung cancer.

In this study, we investigated the possible involvement 
of DLC-1 in NSCLC and analyzed the correlation between 
aberrant DLC-1 methylation and clinicopathological param-
eters in Chinese NSCLC patients, with the aim to elucidate 
the molecular mechanism underlying the development of 
NSCLC.

Materials and methods

Subjects. A total of 84 tissue specimens were obtained from 
patients who underwent curative resection at the Department of 
Thoracic Surgery, China-Japan Friendship Hospital (Beijing, 
China) between November, 2008 and November, 2009. 
None of the patients had received radiotherapy or chemo-
therapy prior to surgery. Tissue specimens were obtained 
from NSCLC patients (n=30; mean age, 63 years; range, 
49‑74 years) and from patients with benign lung tumors 
(n=5; mean age, 56 years; range, 30-61 years) who underwent 
surgical resection. Normal adjacent lung tissue was available 
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in all the cases. Specimens from patients with pulmonary 
bullae (n=10; mean age, 28 years; range, 17‑63 years) and 
corresponding normal lung tissue samples (n=4) were also 
collected. All the normal, benign and malignant tissue 
samples were immediately snap‑frozen and stored at ‑80˚C 
for analysis. The clinical and histopathological character-
istics of all the samples are listed in Table Ⅰ. To confirm 
the diagnosis and determine the cellular composition of 
the tumor, all the samples were carefully reviewed at the 
Department of Pathology of our hospital. The pathological 
stage was determined according to the Revised International 
System for Staging Lung Cancer (12).

The present study was approved by the Institutional Review 
Board of the China-Japan Friendship Hospital and written 
informed consent was provided by all the participants.

Evaluation of DLC‑1 mRNA using quantitative PCR 
(qPCR). DLC-1 mRNA expression was evaluated by reverse 
transcription (RT)-qPCR. Briefly, total RNA was extracted 
using the Dr. P kit (BioChain, Newark, CA, USA) according 
to the manufacturer's instructions. Total RNA (2 µg) was 
reverse transcribed with the oligo (dT) primer (Invitrogen, 
Carlsbad, CA, USA) using Moloney Murine Leukemia Virus 
Reverse Transcriptase (Promega, Madison, WI, USA) in a 
total reaction volume of 20 µl. Following the RT reaction, 
sequence-specific PCR primers (Table II) for DLC-1 and 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (both 
from Invitrogen, Carlsbad, CA, USA) were used for qPCR. 
DLC‑1 was amplified on the same plate under the control of 
GAPDH, using the Eva QPCR SuperMix kit (BioChain). The 
data were analyzed with the 2-ΔΔCt method (13) using GADPH 
as a reference gene. The results are presented as fold-change 
relative to the GADPH control. A two-fold increased or 
decreased expression was considered as significant.

Western blot analysis. Protein expression was evaluated by 
western blotting. Briefly, total protein was extracted using 
the Dr. P kit according to the manufacturer's instructions. 
The total protein concentration was determined by the BCA 
Protein Assay kit (Vigorous Instruments, Beijing, China). 
Equal amounts of total proteins were resolved by SDS-PAGE 
and subjected to western blotting. The primary antibody 
was goat polyclonal anti-DLC-1 antibody (dilution 1:800; 
cat. no. TA302467; OriGene, Rockville, MD, USA). The 
proteins were transferred from the gels to polyvinylidene 
difluoride membranes (Millipore, Billerica, MA, USA). The 
membranes were blocked using the Attoglow Western Blot 
Analysis kit, followed by anti-goat secondary antibody (dilu-
tion 1:8,000; cat. no. K3171120; BioChain). The films were 
scanned and the protein band signal intensity was measured 
with Adobe Photoshop CS2 (Adobe, San Jose, CA, USA). 
The relative expression difference of the DLC-1 protein in 
all the lung tissue samples was calculated compared with 
the average expression in the normal samples. A two-fold 
increase or decrease was considered to be a significant 
expression difference.

Detection of DLC‑1 methylation using methylation‑specific 
PCR. Genomic DNA (500 ng) extracted from tissue samples 
was modified by sodium bisulfite with the DNA Methylation 

Detection kit (BioChain) according to the manufacturer's 
instructions. Modified DNA (7 µl) was used for PCR in a 
total reaction volume of 25 µl as follows: 35 cycles of melting 
(30 sec at 95˚C), annealing (30 sec at 55˚C) and extension 
(30 sec at 72˚C). The 25-µl reaction mixture contained 1X PCR 
Buffer (Mg2+ Plus; Promega), 200 µM of each dNTP, 0.5 µM 
forward and 0.5 µM reverse primers (the primer sequences are 
provided in Table II) and 0.5 U GoTaq® Hot Start Polymerase 
(Promega). The PCR products were separated in 3% agarose 
gel supplemented with ethidium bromide. DNA was visual-
ized under ultraviolet illumination.

Statistical analysis. The statistical analysis was performed 
with Fisher's exact test and Student's t-test. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Expression of DLC‑1 at the mRNA and protein level. The 
DLC-1 expression was significantly reduced in NSCLC 
compared to that in benign lung tumors and normal lung 
tissue (both P<0.001; Fig. 1). The DCL-1 mRNA level in 
the 30 investigated NSCLCs was decreased or undetectable 
(100%); among these, 26 (86.7%) exhibited less than half of the 
DCL-1 mRNA levels observed in normal lung tissues. There 
was no significant difference in DLC-1 expression between 

Table I. Characteristics of the investigated patients.

 NSCLC Benign tumors Bullae
Characteristics (n=30) (n=5) (n=10)

Gender
  Male 21 3 7
  Female 9 2 3
Age (years)
  <60 11 2 1
  ≥60 19 3 9
Histological type
  Adenocarcinoma 18
  SCC 11
  Others 1
Differentiation
  High/moderate 15
  Poor/undifferentiated 15
Stage
  I 10
  II 10
  III 10
Smoking index
  <400 12 2 10
  ≥400 18 3 0

NSCLC, non-small-cell lung carcinoma; SCC, squamous cell carci-
noma.
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normal lung tissues and benign lung tumors (P=0.603). 
Compared to the unmethylated NSCLC specimens, the DLC-1 
expression level in the methylated specimens was significantly 
reduced (P=0.001 and P<0.05, respectively).

In order to validate the observed reduction of DLC-1 
mRNA in NSCLC patients, the protein expression level was 
evaluated by western blotting. Loss or low expression of the 
DLC-1 protein was detected in 19 of the 30 (63%) NSCLCs 
and in 1 of the 5 (20%) benign lung tumor samples (Fig. 2). 
This result was in accordance with that observed in the DLC-1 
mRNA.

DLC‑1 methylation detection using methylation‑specific 
PCR (MSP). To investigate the mechanism underlying the 
loss of DLC-1 expression at the mRNA and protein levels, the 
methylation status of the 5'CpG island in the DLC-1 gene was 
determined using MSP (Fig. 3). DLC-1 promoter methylation 
was significantly higher in NSCLCs (P=0.011), observed in 
23.3% (7̸30) of the NSCLC samples, but was not detected in 
any of the corresponding adjacent normal tissue, benign tumor, 
or pulmonary bullae samples. By further analyzing the protein 
expression data in cancer tissues with methylation of DLC-1 
DNA, reduced or loss of expression of the DLC-1 protein 
was observed in 4 of the 7 (57.1%) tumor tissue samples with 
methylated DLC-1, indicating that the methylation status of 
the 5'CpG island in the DLC-1 gene may be associated with 
decreased DLC-1 protein expression in NSCLCs.

DLC‑1 methylation and clinicopathological characteristics. 
The association between the methylation of DLC-1 and 
clinicopathological characteristics was analyzed in NSCLC 
patients (Table Ⅲ). There were no significant correlations of 
DLC-1 methylation with gender, age, tumor site, differentia-
tion, TNM stage or histological type. However, we observed 
a tendency for the DLC-1 methylation level in squamous cell 
carcinomas (5̸11) to be higher compared to that observed 
in adenocarcinomas (2̸18) (Chi-square test, likelihood 
ratio, 0.087). DLC‑1 methylation in men also exhibited a 
tendency for higher incidence compared to that observed in 
women. The preferential methylation of DLC-1 in male patients 
and in squamous cell carcinomas prompted us to investigate 
the association between smoking and DLC-1 methylation in 
NSCLC. We observed that the incidence of DLC-1 methyla-
tion in heavy smoking NSCLC patients [with a smoking index 

Table Ⅱ. Primer sequences for DLC-1 and GAPDH in MSP using USP.

Primers Sequence, 5'-3' PCR product size (bp)

qDLC-1F CCG CCT GAG CAT CTA CG 138
qDLC-1R ACT ATC CGC TGC ATC CC
GAPDH-F GAAGGTGAAGGTCGGAGTCA 226
GAPDH-R GAAGATGGTGATGGGATTTC
MSP‑F TTTAAAGATCGAAACGAGGGAGCG 172
MSP-R CCCAACGAAAAAACCCGACTAACG

DLC-1, deleted in liver cancer 1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; PCR, polymerase chain reaction; MSP, methyla-
tion‑specific PCR; USP, universal sample processing; F, forward; R, reverse.

Figure 1. DLC-1 mRNA expression was evaluated by reverse transcrip-
tion-quantitative polymerase chain reaction. DLC-1, deleted in liver cancer-1; 
NSCLC, non-small-cell lung carcinoma.

Figure 2. The expression of the DLC-1 protein in lung tissue was evaluated by 
western blotting. T, cancer tissue in NSCLC; N, corresponding adjacent normal 
lung tissue in NSCLC. DLC-1, deleted in liver cancer-1; NSCLC, non-small-cell 
lung carcinoma. GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

Figure 3. DLC‑1 methylation was detected by methylation‑specific poly-
merase chain reaction. T, cancer tissue in NSCLC; N, corresponding adjacent 
normal lung tissue in NSCLC. DLC-1, deleted in liver cancer-1; NSCLC, 
non-small-cell lung carcinoma.
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(number of cigarettes smoked per day x years of smoking) 
of >400] was significantly higher compared to that observed 
in light smoking (with smoking index <400) and non-smoking 
patients (Fisher's exact test, P=0.024).

Discussion

In the present study, DLC-1 expression at the mRNA level 
was evaluated by RT-qPCR and at the protein level by western 
blotting. Significant downregulation of DCL-1 at the mRNA 
as well as the protein level was observed in NSCLC tissues 
when compared to benign lung tumors and normal lung tissues 
(P<0.001). To further investigate whether the reduced expres-
sion of DLC-1 at the mRNA and protein levels is associated 
with the methylation on its promoter, methylation‑specific PCR 
was performed following extraction of genomic DNA from the 
samples. DLC‑1 promoter methylation was identified in 7 of 
the 30 (23.3%) tumor tissue samples, but not in corresponding 
adjacent normal tissue samples from NSCLC patients or in 
lung tissues from non-NSCLC patients. Our data are consistent 
with those of previous studies (9,11,14). The level of expression 
of DLC‑1 in methylated specimens was significantly reduced 
compared to that in unmethylated NSCLC samples. The 
majority of the methylated tumors exhibited a reduction or a loss 
of expression of the DLC-1 protein. Promoter methylation has 
been hypothesized to be one of the key mechanisms responsible 
for the inactivation of the DLC-1 gene in NSCLCs (15). Our 
data further support this hypothesis.

DLC-1 methylation was observed in 4 of 20 (20%) stage I-II 
tumors and the percentage of methylation did not increase 
significantly in more advanced-stage tumors, suggesting 

that DLC-1 methylation may occur at a relatively early stage 
during the multistep process of lung carcinogenesis. However, 
the pathobiological significance of DLC-1 methylation in 
multistage carcinogenesis may differ between squamous cell 
carcinomas and adenocarcinomas. DLC-1 methylation appears 
to be a relatively early event in adenocarcinomas, since its 
incidence was 14% in stage I tumors but did not significantly 
change in more advanced-stage tumors. By contrast, DLC-1 
methylation appears to be a late event in squamous cell 
carcinomas, since its incidence increased significantly as 
tumor stage advanced from I to III (Chi-square test, P=0.015 
and P<0.05). By contrast, methylation of the differentially 
expressed in adenocarcinoma of the lung-1 gene was reported 
to be an early event in squamous cell carcinomas but a late 
event in adenocarcinomas (16). The finding that 27.3% (3/11) 
of NSCLCs exhibited methylation with normal expression of 
the DLC-1 protein suggests that DLC-1 methylation is an early 
event during lung cancer development. In addition, the expres-
sion of DLC‑1 was significantly reduced in NSCLC and was 
marginally lower in benign lung tumors. Therefore, methyla-
tion of DLC-1 appears to be a useful biomarker for the early 
diagnosis of NSCLC.

Tobacco smoking is the main etiologic factor associated 
with lung carcinoma and an estimated 86% of lung carcinoma 
deaths are attributed to smoking (17). Although there is no 
direct evidence that smoking induces DNA hypermethylation, 
it was recently demonstrated that there is an association of 
DNA methylation with exposure to the carcinogens in tobacco.

In human NSCLCs, it has been demonstrated that 
the hypermethylation of the p16/cyclin-dependent kinase 
inhibitor 2A (18,19), Ras association domain family 1 

Table Ⅲ. Correlation of DLC-1 methylation and mRNA and protein expression with clinical and histological variables in NSCLC 
patients.

 Methylation mRNA Protein
 ------------------------------------- ----------------------- ----------------------------------------
Characteristics Present Absent P-value (mean ± SE) P-value Normal Reduced P-value

Age (years)   1  0.502   1
  <60 9 2  24.6±7.3  4 7
  ≥60 14 5  19.0±4.7  7 12
Smoking index   0.024  0.042   0.442
  <400 12 0  30.7±6.7  3 9
  ≥400 11 7  14.6±4.3  8 10
Histological type   0.071  0.399   0.432
  Adenocarcinoma 6 5  16.5±6.5  5 6
  SCC 16 2  23.8±5.3  5 13
TNM stage   0.657  0.592   0.425
  I/II 16 4  19.5±4.5  6 14
  III 7 3  24.1±7.8  5 5
Differentiation   1  0.883   1
  High/moderate 3 0  19.2±7.4  1 2
  Poor/undifferentiated 20 7  21.2±4.3  10 17

DLC-1, deleted in liver cancer-1; NSCLC, non-small-cell lung carcinoma; SCC, squamous cell carcinoma; SE, standard error; TNM, tumor 
node metastastis.
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isoform A (20) and tumor suppressor in lung cancer 1/immu-
noglobulin superfamily member 4 genes (21) was significantly 
associated with tobacco smoking, indicating that the carcino-
gens in tobacco smoke induce DNA hypermethylation. Similar 
to other published reports, our data demonstrated that aberrant 
methylation of DLC-1 is associated with exposure to smoke 
and correlated to long-term smoking habit (20,22). Although 
only few adenocarcinoma patients were smokers, the two 
methylated adenocarcinoma patients were heavy smokers. 
There were no significant differences between former smokers 
(had quit smoking >12 months prior to tumor development) 
and current smokers (smoked within the 12 months preceding 
tumor development), although a trend towards a higher meth-
ylation frequency among smokers was noted. The incidence of 
DLC‑1 methylation in tumors was significantly higher among 
heavy smokers. In particular, methylation was detected in the 
3 former smokers, whereas methylation rates did not differ 
between current and former smokers (4/10 vs. 3/9, respec-
tively). These data indicate that aberrant methylation is not 
only correlated to current smoke exposure, but continues for 
a long period of time following smoking cessation. Smoking 
cessation reduces the subsequent risk of lung cancer and quit-
ting smoking before middle age eliminates >90% of the risk 
attributable to tobacco (23).

The mechanism through which the carcinogens in cigarette 
smoke cause DLC-1 methylation in NSCLC remains unclear. 
Smoking exposure may induce significant and sustained 
lung inflammation (24), which was found to be significantly 
associated with aberrant DNA methylation (25). Inflammation 
may increase CpG island methylation. Furthermore, smoking 
increases the activity of DNA methyltransferase (26), which 
drives the de novo hypermethylation of susceptible loci (27). 
These direct or indirect mechanisms may be involved in the 
enhanced DNA methylation observed in the NSCLC of heavy 
smokers.

In conclusion, DLC-1 promoter methylation was detected 
in 7 of 30 (23.3%) primary NSCLCs. Furthermore, our 
results indicated that DLC-1 promoter hypermethylation is 
a potential molecular marker for the early detection of lung 
cancer. This methylation is associated with heavy tobacco 
smoking and may play a role in lung carcinogenesis. The 
promoter of the DLC-1 gene is likely one of the important 
targets of methylation by smoking during the development 
or progression of NSCLCs. Our results also indicated that 
epigenetic silencing of DLC-1 in Chinese NSCLC patients 
may be used as a biomarker for NSCLC diagnosis and a 
therapeutic option.
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