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Abstract. The aim of this study was to detect methylation of
the RAR-fB gene in tissues from non-small cell lung cancer
(NSCLC) patients. The methylation of the RAR-f3 gene in DNA
from 80 cases with NSCLC and corresponding non-malignant
tissues was tested using methylation-specific polymerase
chain reaction (PCR; MSP). The results showed that the total
frequency of RAR-3 methylation was significantly higher in
lung cancer tissues compared to the corresponding non-malig-
nant tissues (57.5 vs. 17.5%) (P<0.01). However, no significant
difference was found in various clinical stages and types of lung
cancer (P>0.05). A significant difference was observed in the
various pathological types (P<0.05). RAR-f gene methylation
is closely correlated with the development process of NSCLC,
particularly squamous cell carcinoma.

Introduction

Lung cancer is the most common malignant tumor originating
in the lung, and increasing numbers of individuals suffer from
the disease every year. The morbidity and mortality rates of
lung cancer have been among the highest of all malignant
tumors (1,2). Non-small cell lung cancer (NSCLC) accounts
for 80% of all lung cancers.

Methylation appears during cell transformation and, conse-
quently, may serve as the biological marker for early diagnosis.
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Findings of studies have shown that RAR-f} was absent in
varying degrees in multiple malignant tumors. Investigators
have indicated that the decrease of RAR-[} expression is associ-
ated with the formation of a tumor (3). It is well known that
RAR-f is methylated in NSCLC lesions (4). RAR-f has also
been found to be methylated in plasma from patients with lung
cancer (5), and was even detected in bronchial aspirates from
patients with suspected lung cancer (6). Studies conducted in
the past decade have reported the presence of RAR-§ methyla-
tion in lung cancer.

On the basis of the present status of global investigations
on lung cancer and related genes, methylation-specific poly-
merase chain reaction (PCR; MSP) was applied in this study to
assay methylation of the RAR-f§ gene promoter in lung cancer
and corresponding non-malignant tissues, which provided the
basis for diagnosis of NSCLC.

Materials and methods

Specimen collection. A total of 80 patients (68 males and
12 females) with an average age of 59.41+9.67 years (range,
32-78) were enrolled in this study. This cohort comprised
45 squamous cell carcinoma and 35 adenocarcinoma patients,
as well as other types of carcinoma. The patients underwent
surgical excision in Anhui Province Hospital (China) and the
diagnosis was pathologically confirmed. According to TNM
staging criteria, the patients were classified as stage 0 (n=1),
1 (n=29), I (n=37), I1I (n=13) and IV (n=0). A total of 1 cm? of
lung cancer and another 1 cm?® of normal tissues, 3 cm away
from the cancer tissues, were collected from each patient.
Specimens were preserved in liquid nitrogen.

DNA extraction. DNA was extracted from cancer tissues and
paratumor tissues using a phenol-chloroform method.

Detection of RAR-[5 methylation. MSP was used to detect
RAR-p methylation, as described in the literature (7). The
rationale was that the base C shifted to U under the action
of natrium bisulfurosum following DNA degeneration and
melting; however, methylated C did not shift. According to this
rationale, 2 pairs of different primers were designed for PCR
amplification in order to detect the differences.
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Table I. Results of RAR-3 methylation in tissues of lung cancers of various clinical parameters.
Clinical parameter n Positive Negative Rate (%) > value P-value
Gender

Male 68 41 27 60.3 0.446 0.504

Female 12 6 6 50.0
Cigarette use

Yes 61 40 21 65.6 4325 0.048

No 19 8 11 421
Table II. Comparison of results of RAR-§ methylation between stages 0-1 and II-IV lung cancer tissues.
Clinical Methylation of Detection y* value P-value OR 95% CI
stage RAR-f gene rate (%)

Positive Negative

0-1 16 14 533
I-1v 30 20 60.0 0.341 0.559 0.762 0.306-1.900
Total 46 34 57.5

OR, odds ratio; CI, confidence interval.

DNA modification. DNA samples (50 ul) were added to 5.5 ul
of fresh 3 mol/l sodium hydroxide (NaOH) followed by a
30-min water bath incubation at 42°C. Then, 30 ul of fresh
10 mmol/l hydroquinone and 510 pl of fresh 3.9 mol/l sodium
bisulfite (Sigma, St Louis, MO, USA) were added. Paraffin
wax was then dropped to protect it from light exposure.
Eventually, the resulting products underwent a water-bath at
55°C for 16 h.

DNA purification. The Wizard DNA purification system
(Promega, Madison, WI, USA) was used, and was operated
according to the manufacturer's instructions. Following the
formation of a resin-bond, NaOH desulfonation and ethanol
precipitation, DNA was dissolved in 50 1 TE buffer solution.

Primer design. The primers used in this study were: RAR-}
methylation: upstream primer: 5'-TCGAGAACGCGAGC
GATTCG-3', downstream primer: 5-GACCAATCCAACCG
AAACGA-3'; product: 146 bp; annealing temperature: 58°C.

RAR-f non-methylation: upstream primer: 5-TTGAGA
ATGTGAGTGATTTGA-3'; downstream primer: 5-~AACCAA
TCCAACCAAAACAA-3'; product: 146 bp; annealing
temperature: 58°C.

Internal standard: upstream primer: 5'-CAACTTCATCCA
CGTTCACC-3";downstream primer: 5'-GAAGAGCCAAGGA
CAGGTAC-3"; product: 268 bp; annealing temperature: 59°C.

The primers were synthesized by Sangon Biotech Co., Ltd
(Shanghai, China).

PCR process. The PCR reaction system (25 ul) included Q solu-
tion (5.0 ul), buffer (2.5 ul), 10 mmol/l deoxyribonucleotide
triphosphates (ANTPs; 0.5 pl), 20 gmol/I primer (0.5 ul) each,

HotStarTaq enzyme (Qiagen, 0.75 units) and modified DNA
(5.0 ul). DNA from the peripheral blood of normal individuals
treated, or not, with Sssl enzyme was used, respectively, as
positive controls of methylation and non-methylation. PCR
was initially run at 95°C for 15-min denaturation and then
35 cycles of 50 sec/94°C for denaturation and 50 sec/72°C for
annealing, followed by 10 min/72°C elongation. The amplifi-
cation products were stored at 4°C.

Analysis of PCR products. PCR amplification products (8 pl)
were stained with ethidium bromide and electrophoresed in a
2.0% agarose gel. An amplified strip specific for methylation
primer suggested the presence of methylation in the specimen.

Statistical analysis. Epi6 Software was used to establish
the database. SPSS 11.0 Software was applied for statistical
analysis. The methylation rate was defined as the ratio of methy-
lation specimens to total specimens and was expressed as a
percentage. The methylation rate was compared by a > test.

Results

Comparison of results of RAR-3 methylation between lung
cancer and paratumor tissue. A total of 80 specimens each
for the lung cancer and paratumor tissues were assayed simul-
taneously. Methylation was detectable in 46 lung cancer and
14 paratumor specimens with a rate of 57.5 and 17.5%, respec-
tively. The difference was considered to indicate statistical
significance (P<0.01).

Results of RAR-[3 methylation in tissues of lung cancers in
various clinical parameters. No statistical difference was
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Table III. Comparison of RAR- methylation between tissues of varying types of lung cancer.

Clinical Methylation of Detection > value P-value OR 95% CI
type RAR-f3 gene rate (%)
Positive Negative
Peripheral 18 16 529
type
Central 28 18 60.9 0.503 0478 0.723 0.295-1.773
type
Total 46 34 57.5
OR, odds ratio; CI, confidence interval.
Table IV. Comparison of RAR-3 methylation between lung cancer tissues of various pathological types.
Pathological Methylation of Detection x> value P-value OR 95% CI
type RAR-f gene rate (%)
Positive Negative
Squamous cell 30 15 66.7
carcinoma
Adenocarcinoma 15 20 429 4.535 0.033 2.667 1.071-6.640
and other cell types
Total 45 35 56.3

OR, odds ratio; CI, confidence interval.

found in the detection rate of RAR-f§ gene methylation between
the male and female NSCLC patients. The detection rate of
RAR-f methylation was significantly higher in the smoking
group than that in the non-smoking group (x*=4.325, P<0.05;
Table I).

Results of RAR-[5 methylation in tissues of lung cancers at
various stages. No difference was found in the methylation
rate of the RAR-f gene between stage 0-1 and II-IV lung
cancer tissues (y’=0.341, P>0.05; Table II).

Comparison of RAR-f methylation between tissues of lung
cancer of varying clinical types. No statistical difference was
observed in the detection rate of RAR- gene methylation
between the central and peripheral lung cancer tissues
(%*=0.503, P>0.05; Table IIT).

Results of RAR-[3 methylation in lung cancer tissues of various
pathological types. The detection rate of RAR-f methylation
was significantly higher in the squamous cell carcinoma group
than that in the adenocarcinoma group (y*=4.535, P<0.05;
Table IV).

Discussion

Pathogenesis of lung cancer is a complicated biological
process involving multiple genetic and epigenetic changes. In

recent studies, the role of the genetic mechanisms has been
of increasing concern to global investigators. Although the
methylation rate of some antioncogenes is low in NSCLC,
combined detection of these genes may vastly improve the
positive detection rate of tumors or prognostic judgment.

Currently, methylation of CpG islands in the promoter of
certain antioncogenes and susceptible genetic polymorphisms
are being further assayed and analyzed (8). This may inhibit
genetic transcription, which is an approach regulating genetic
expression in normal cells. However, abnormal methylation
of antioncogenes occurs not only in the early stages of tumor
development, but also throughout the disease, leading to the
phenotypic expression of malignant tumors. Therefore, DNA
methylation is considered to be a novel and promising marker
of previous carcinogen exposure and carcinoma risk (9).
RAR-f} methylation is associated with tumor differentiation
and malignant transformation and is a potential antioncogene.
The absence and decrease of RAR-f expression are presented
in human gastrointestinal, liver and cervical cancer, as well as
other malignant tumors (10-12).

A number of studies have proven that methylation of
the RAR-f promoter affects numerous tumor-suppressing
genes, which are subsequently silent and not expressed (13).
Brabender (14) et al found that the majority of NSCLC patients
with the expression of retinoic acid receptors and retinoid X
receptors decreased, and also demonstrated that an abnormal
expression of RAR-f receptors in lung cancer tissues may be
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correlated with lung cancer. Other studies have shown that
the abnormal methylation of the RAR- gene is an early and
common change in a nude mouse model with lung cancer,
induced by correlative environmental factor exposure (15).

In the present study, the detection rate of methylation of
the RAR- gene exhibited significant differences between
lung cancer and paratumor tissues, but no statistical differ-
ences among various stages or various clinical types, and was
significantly higher in squamous cell carcinoma compared
to adenocarcinoma and other types of cancer, which was
consistent with previous studies. These results suggest that
RAR-f methylation in lung cancer tissues or specimens is an
effective index for the diagnosis of various clinical types of
lung cancer.

The relationship analysis of RAR-[3 methylation in lung
cancer tissues and various clinical parameters. Carcinogens
in tobacco are known to be a considerable driver of NSCLC.
In long-term smokers, genes, including pl6, MGMT and
RASSFla, undergo methylation. The methylation rate is
closely correlated with the smoking index and age at which
smoking was initiated (16,17). Whether the carcinogens
in tobacco are a direct cause of gene methylation is not
known. However, animal experiments have shown that
the carcinogens in tobacco induce certain genes, such as
DAPK and RASSFla, that are methylated in mice (18). In
the present study, the detection rate of RAR-[ methylation
was significantly higher in the smoking group than that in
the non-smoking group, which suggests that tobacco plays a
potential role in gene methylation. Yanagawa et al have drawn
the same conclusion (19).

Analysis of RAR-[f methylation detection in various clinical
stages of NSCLC. We investigated whether or not the lung
cancer gene methylation is correlated with TNM stage. Our
results have not demonstrated that there is a causality between
RAR-P gene methylation and clinical stage. The methylation
rate of NSCLC patients is slightly higher in stages II-III than
in O-I; however, there was no statistical difference in detection.
We were unable to conclude from this experiment whether
RAR-f} gene methylation could be used as an indicator of early
diagnosis of lung cancer on account of our small sample size.
It is expected that more definitive conclusions may be drawn
when the sample size is increased, particularly in stages I-1I of
NSCLC patients.

Analysis of RAR-3 methylation detection in lung cancer tissues
of various pathological types. Toulouse (20) et al success-
fully reduced their tumorigenicity in nude mice through the
introduction of RAR-f into RAR-f-negative lung cancer cells.
This result confirmed the RAR-[3 gene as a squamous cell lung
cancer tumor suppressor gene. In this study, all 80 cases of
lung cancer were divided into different groups of squamous
cell carcinoma, adenocarcinoma and other types of lung
cancer, according to histological types. Through statistical
analyses we found that the detection rate of RAR-3 methyla-
tion was significantly higher in the squamous cell carcinoma
group than that in the adenocarcinoma group, and that RAR-f3
gene methylation is more closely correlated with squamous
cell carcinoma.
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In conclusion, we believe that RAR-f3 gene methylation
is closely related to the development process of NSCLC. In
future studies, we will carry out further research regarding
the relationships between NSCLC gene methylation and histo-
logical types, as well as the degree of differentiation.
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