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BACKGROUND: The presence of glutathione S-transferase (GST) p1 (GSTP1) or multidrug resistance gene 1

(MDR1) promoter methylation in lung cancer was studied for the first time to the authors’ knowledge; and, to

date, the clinical significance of methylation is not clear. The objective of the current study was to determine

the promoter methylation status of GSTP1 and MDR1, which encode GST-p and P-glycoprotein (Pgp), respec-

tively, in patients with bronchioloalveolar carcinoma (BAC) and to investigate whether methyltransferase 1

(DNMT1)-mediated GSTP1 or MDR1 methylation are responsible for disease progression and prognosis in

patients with BAC. METHODS: Protein expression levels of DNTM1, GST-p, and Pgp were determined by

immunohistochemistry in samples from 36 patients with BAC. Promoter methylation status of the GSTP1

and MDR1 genes was determined by using methylation-specific polymerase chain reaction analysis.

RESULTS: The results demonstrated a significant correlation between the methylation of the GSTP1 or

MDR1 promoters and negative expression of their respective proteins in BAC (P < .05). A significant corre-

lation also was demonstrated between GSTP1 methylation and recurrence-free and overall survival of

patients with BAC. DNMT1 protein expression levels were correlated with GSTP1 promoter methylation and

patient prognosis (P < .05). However, no correlation was observed between DNMT1 expression and MDR1

methylation. CONCLUSIONS: GSTP1 promoter methylation mediated by DNMT1 may promote BAC progres-

sion and could serve as a poor prognostic indicator for patients with this disease. DNMT1 protein expres-

sion also may be considered as a prognostic indicator. Methylation of the MDR1 promoter may be

mediated through pathways other than DNMT1 in BAC and does not appear to be associated with disease

progression or patient prognosis. Cancer 2009;115:3222–32. VC 2009 American Cancer Society.
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Lung cancer is 1 of the most common cancers in the
world. In recent years, the incidence of adenocarcinoma
gradually has risen and has surpassed squamous carci-
noma as the most common histologic subtype of lung can-
cer in many countries.1 Bronchioloalveolar carcinoma
(BAC) is a subtype of lung adenocarcinoma that is charac-
terized by the growth of neoplastic cells along pre-existing
alveolar structures in the absence of stromal and vascular
invasion.2 BAC is almost always moderately differentiated
or well differentiated, and patients with BAC typically
have a favorable prognosis or are diagnosed at an early
stage of lung cancer.2-4

The administration of chemotherapeutics after

surgical procedures is 1 of the principal treatments for

patients with lung cancer. However, some patients even-

tually develop drug resistance, which results in chemo-

therapy failure.5 Previous studies have demonstrated

that the overexpression of glutathione S-transferase p
(GST-p) and P-glycoprotein (Pgp) may result in drug

resistance. It is believed that GST-p, which is encoded

by GST-p1 (GSTP1), helps catalyze the conjugation of

hydrophobic and electrophilic compounds, such as cis-

platin to glutathione (GSH).6 The GSH-cisplatin com-

plex actively is displaced from cells, thus reducing the

cytotoxic efficacy of drugs. The overexpression of Pgp,

encoded by multidrug resistance gene 1 (MDR1), is 1 of

the most important mechanisms of drug resistance. Pgp

may function as a drug efflux pump to decrease the in-

tracellular concentration of a variety of anticancer drugs

with various structures and functions.7 The overexpres-

sion of GST-p and Pgp has been demonstrated in a vari-

ety of human cancers.8-10 However, the mechanisms of

their regulation are not clear. The potential impact of

MDR1 and GSTP1 promoter methylation on the regu-

lation of GST-p and Pgp expression in patients with

BAC is not known.

It was reported previously that Pgp expression is

correlated inversely with methylation of CpG sites on

the MDR1 promoter in patients with bladder cancer.11

Hypermethylation of the GSTP1 promoter also was

observed in prostate cancer12 and in breast cancer cells13

versus benign disease from the same tissues. We

hypothesize that methylation of the GSTP1 and MDR1

promoters is mediated by DNA methyltransferase 1

(DNMT1) and may contribute to regulation of protein

expression.

It has been demonstrated that epigenetic modifica-

tions like DNA methylation are be involved in the early

stages of carcinogenesis.14 Overall DNA hypomethylation

accompanied by regional DNA hypermethylation gener-

ally is observed in human cancers.14,15 Gene promoter

methylation plays an important role in transcriptional

regulation, such as silencing of gene transcription through

the methylation of CpG islands.15 It has been confirmed

that DNA methyltransferases (DNMTs), including

DNMT1, DNMT3a, and DNMT3b, possess DNMT ac-

tivity. DNMT1 is a major enzyme involved in the estab-

lishment of DNA methylation.16,17 Some reports have

indicated that DNMT1 possesses both maintenance and

de novo DNA methylation activity in vivo, regardless of

its in vitro preference for hemimethylated rather than

unmethylated substrates.18,19 Promoter methylation of

tumor suppressor genes, such as p16, p14, the human

mutL homolog 1 gene hMLH1, and the fragile histidine

triad gene FHIT, may act to inactivate the expression of

their respective proteins, thus promoting tumor develop-

ment.20-22 Currently, to our knowledge, there is no infor-

mation in the literature regarding the role of MDR1 and

GSTP1 promoter methylation in the progression and

prognosis of patients with BAC.

In the current study, protein expression levels of

DNTM1, Pgp, and GST-p were determined by immuno-

histochemistry in 36 samples of BAC. The promoter

methylation status of MDR1 and GSTP1 was determined

using methylation-specific polymerase chain reaction

(MSP). The correlation between DNMT1 expression and

promoter methylation status of MDR1 or GSTP1 was an-

alyzed. In addition, we investigated whether these findings

were correlated with patient’ prognosis.

MATERIALS AND METHODS

Patients

Thirty-six patients with BAC who underwent pneumo-

noresection with lymph node dissection at Qi Lu Hospital

of Shandong University from 2004 to 2006 were studied.

The patients received clinical follow-up at a median of 38

months (range, 10-55 months). The study was approved

by the Ethics Committee of Shandong University. The

patients ranged in age from 35 years to 76 years, and their

median age was 62 � 9 years. All clinical specimens were
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collected and embedded in paraffin for histologic diagno-

sis and immunostudy. Designation of tumor stage and cri-

teria for histologic classification were performed

according to the World Health Organization classifica-

tion.23 Clinicopathologic parameters that were measured

included patient age, sex, tumor size (>30 mm or <30

mm), pathologic tumor (pT) classification (pT1-pT3),

smoking habit, and lymphatic metastases. These parame-

ters are summarized in Table 1.

Methylation-specific Polymerase Chain

Reaction Analysis

High-molecular-weight DNA was extracted from 36

BAC samples using phenol-chloroform extraction and di-

alysis. Bisulfite conversion was performed using 1 lg of

genomic DNA and a CpG genome DNA modification

kit (Chemicon, Temecula, Calif). This process converts

unmethylated cytosines to uracils, which ultimately are

detected as thymidines after polymerase chain reaction

(PCR) amplification. In contrast, methylated cytosine res-

idues will remain unchanged after amplification. MSP of

bisulfite-treated genomic DNA was carried out according

to the method reported previously.24 The PCR products

of methylated and unmethylated genomes differ after

bisulfite conversion and may be distinguished using MSP.

The primers that we used for analysis of GSTP1 and

MDR1 are listed in Table 2. The PCR cycling conditions

included 40 cycles at 95�C for 30 seconds, 58�C for 45

seconds, and 72�C for 60 seconds. Product sizes of the

methylated and unmethylated reactions for GSTP1 and

MDR1 also are listed in Table 2. The products were sepa-

rated electrophoretically on a 3% agarose gel. MSP results

were classified as either 1) unmethylation if unmethylated

alleles were detected and no methylated alleles were

observed or 2) methylation if methylated alleles were

observed and no unmethylated alleles were detected. Posi-

tive results produced from preliminary experiments were

used as positive controls for methylation analysis. Dou-

ble-distilled water was used as a negative control by the

Table 1. Methylation of Multidrug Resistance Gene 1 and Glutathione S-Transferase p1, Expression of DNA
Methyltransferase 1, and Their Correlation With Clinical Pathologic Parameters in Bronchioloalveolar Carcinoma

No. of Patients

Methylation of MDR1 Methylation of GSTP1 DNMT1 Expression

Variable M U P M U P Positive Negative P

Age, y
35-61 10 5 .709 4 11 .694 7 8 .175

62-76 16 5 4 17 15 6

Sex
Men 8 4 .700 2 10 .691 8 4 .727

Women 18 6 6 18 14 10

Smoker
Yes 6 4 .413 2 8 1.00 7 3 .706

No 20 6 6 20 15 11

Size, cm
<3 13 5 1.00 3 15 .691 11 7 1.00

‡3 13 5 5 13 11 7

Positive lymph nodes
Yes 10 3 .716 2 11 .682 11 2 .039

No 16 7 6 17 11 12

Clinical stage
I 14 6 .305 3 12 .035 11 9 .625

II 5 0 2 3 3 2

III 7 4 3 7 8 3

Recurrence rate, % 43.7 44.4 .622 52.6 16.67 .029 58.82 12.50 .046

Survival rate, % 50.2 50 .262 31.2 100 .045 38.24 80 .040

MDR1 indicates multidrug resistance gene 1; GSTP1, glutathione S-transferase p1; DNMT1, DNA methyltransferase 1; M, methylated; U, unmethylated.
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replacement of genomic DNA. All PCR reactions were

performed with positive controls for both unmethylated

and methylated alleles and for a negative ‘‘no DNA’’ con-

trol. In addition, 10 samples of normal lung tissue from

patients with inflammatory pseudotumors were analyzed

in the MSP assay for CpG island methylation of the

MDR1 and GSTP1 promoters.

Immunohistochemical Staining

Paraffin-embedded BAC sections (4 lm thick) and corre-

sponding, noncancerous samples obtained from within 3

cm of the tumor border were dewaxed and subjected to

antigen retrieval by microwaving in 0.01 M citric buffer,

pH 6.0, twice for 15 minutes each at 100�C; this was fol-
lowed by incubation in 3% H2O2 for 10 minutes to

quench endogenous peroxidase. Nonspecific binding was

prevented by incubation in 5% normal horse serum for

20 minutes in a humid chamber. Next, slides were incu-

bated with antibodies against DNMT1 (goat polyclonal

antibody; 1:200 dilution; Santa Cruz Biotechnology, Inc.,

Santa Cruz, Calif), Pgp (mouse monoclonal antibody;

1:100 dilution; NeoMarkers, Fremont, Calif), and GST-

p (mouse monoclonal antibody; 1:200 dilution; DAKO,

Glostrup, Denmark) overnight at 4�C. After washing, the
primary antibody was detected with an appropriate sec-

ondary antibody for 30 minutes at 37�C. After washes,
slides were incubated with a streptavidin biotin complex

(Zymed, South San Francisco, Calif) for 30 minutes at

37�C, washed 3 times, observed using diaminobenzidine,

rinsed in distilled water, and counterstained with

hematoxylin.

Assessment of Immunohistochemistry

Immunoreactivity for DNMT1 was detected in the nu-

cleus, and expression of Pgp was observed in the cellular

membrane. Positive expression of GST-p was observed in

both the cytoplasm and the nucleus. For each sample, at

least 500 cells were counted randomly. To distinguish

definitively positive cells from weak background signals,

such as proliferating zones of normal lung tissues or lym-

phocytes, only samples that had >30% of tumor cells

with nuclear staining were considered positive for

DNMT1, as reported previously.22,25 For the analysis of

Pgp expression, the cutoff point is 10% of tumor cells, as

reported previously.26 For the analysis of GST-p, the cut-
off point has varied from 10% to 50% of tumors cells in

different reports.27-29 In the current study, the cutoff

point of 30% was established by using receiver operating

characteristic (ROC) curve analysis in SPSS software (ver-

sion 10.0; SPSS Inc., Chicago, Ill).

Statistical Analysis

Potential correlations between the methylation status of

the GST-p promoter, the MDR1 promoter, or DNMT1

expression and clinicopathologic parameters were

Table 2. The Sequence of Primers for Glutathione S-Transferase p 1 and Multidrug Resistance
Gene 1

Primers Sequence Product Size, bp

GSTP1
M (upstream) 50-TTCGGGGTGTAGCGGTCGTC-30 92

M (downstream) 50-GCCCCAATACTAAATCACGACG-30

U (upstream) 50-GATGTTTGGGGTGTAGTGGTTGTT-30 99

U (downstream) 50-CCACCCCAATACTAAATCACAACA-30

MDR1
M (upstream) 50-CGTTGTTAGATTTTTAATTTTGTTTTC-30 100

M (downstream) 50-CCA ACTACTCTA ACCGCG AT-30

U (upstream) 50-TGTTGTTAGATTTTTAATTTTGTTTTTGT-30 100

U (downstream) 50-TACCCC AAC TAC TCTAACCAC AAT-30

bp Indicates base pairs; GSTP1, glutathione S-transferase p1; M, methylated; U, unmethylated; MDR1, multidrug resist-

ance gene 1.
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analyzed using the Fisher exact test. Correlations between

protein expression of DNMT1, GST-p, or Pgp and

GSTP1 or MDR1 promoter methylation also were ana-

lyzed using the Fisher exact test. Survival curves were plot-

ted using the Kaplan-Meier method and were compared

using the log-rank test. A Cox proportional hazards model

was used to calculate the hazard ratio of each factor in uni-

variate and multivariate analyses. Analyses were per-

formed using the statistical package SPSS (version 10.0;

SPSS Inc.). Differences were considered statistically sig-

nificant for P values<.05.

RESULTS

Methylation Status of the GSTP1 and MDR1

Promoters in Bronchioalveolar Carcinoma

and Their Correlation With Clinical

Parameters

Eight of 36 BAC samples (22.2%) revealed methylated al-

leles in MSP analysis for the GSTP1 promoter, whereas

none of the 10 samples of normal lung tissue revealed

GSTP1 promoter methylation (Fig. 1 Top). No correla-

tion was observed between GSTP1 promoter methylation

and patient age, sex, smoking habit, lymph node metasta-

ses, or tumor size. However, there was a statistically signif-

icant correlation between GSTP1 methylation and the

recurrence rate or the survival rate (P < .05) (Table 1).

GST-p protein expression was observed in 30 of 36 sam-

ples (Fig. 2 Top). In this study, 25% (2 of 8) methylated

samples and 14.3% (4 of 28) unmethylated samples had

negative expression of GST-p. There was a tendency for
more frequent negative expression of GST-p in the meth-

ylated samples (P ¼ .046) (Table 3). However, given our

small sample size, further study that includes a larger

number of patients will be needed to confirm this

correlation.

Twenty-six of 36 BAC samples (72.2%) revealed

methylated alleles in MSP analysis for the MDR1 pro-

moter, 10 samples revealed unmethylation of the MDR1

promoter, and all 10 samples of normal lung tissue

revealed promoter methylation of MDR1 (Fig. 1 Bot-

tom). There was no correlation between promoter meth-

ylation of MDR1 and patient age, sex, smoking habit,

lymph node metastasis, tumor size, tumor stage, recur-

rence rate, or survival rate (Table 1). Pgp-positive expres-

sion was observed in 15 of 36 samples (Fig. 2 Middle),

and the other 21 samples had negative expression. A sig-

nificant correlation between MDR1 promoter methyla-

tion and negative expression of Pgp was demonstrated in

the BAC samples (Table 3). Samples that hadMDR1 pro-

moter methylation tended to have negative Pgp

expression.

FIGURE 1. These are examples of methylation-specific poly-

merase chain reaction (MSP) products from a methylation

analysis of (top) the glutathione S-transferase p1 gene

(GSTP1) promoter and (bottom) the multidrug resistance

gene 1 (MDR1) promoter in patients with bronchioloalveolar

carcinoma (BAC). MSP products marked M and U reflect the

presence of methylated and unmethylated genes, respec-

tively. Lanes 1 and 2 are positive controls for the M and U al-

leles. (Top) In normal lung tissue (lane 3), the GSTP1

promoter is unmethylated (U). However, 8 of 36 BAC samples

had methylated (M) alleles (a representative example is

shown in lane 5), and the other samples had unmethylated

(U) alleles (a representative example is shown in lane 4).

(Bottom) In normal lung tissue (lane 3), the MDR1 promoter

is methylated (M). However, 26 of 36 BAC samples had MDR1

promoter methylation (a representative example is shown in

lane 4), and the other 10 samples were unmethylated (a rep-

resentative example is shown in lane 5).
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DNMT1 Protein Expression in

Bronchioloalveolar Carcinoma and Its

Correlation With Clinicopathologic

Parameters and Methylation Status of the

GSTP1 and MDR1 Promoters

Twenty-two of 36 BAC samples (61.1%) demonstrated

positive expression of the DNMT1 protein (Fig. 2 Bot-

tom), whereas none of the corresponding noncancerous

tissues or normal lung tissues were positive for DNMT1.

DNMT1 protein expression was correlated significantly

correlated with lymph node metastasis, recurrence rate,

and survival rate (P< .05) (Table 1). No significant corre-

lations were observed between DNMT1 expression and

patient age, sex, smoking habit, tumor size, or tumor stage

(P> .05).

DNMT1 protein expression was correlated with

GSTP1 promoter methylation in BAC samples (P < .05)

(Table 3). However, no correlation was observed between

DNMT1 expression andMDR1methylation (P> .05).

Prognostic Significance of MDR1 and GSTP1

Promoter Methylation and DNMT1

Expression in Bronchioalveolar Carcinoma

During follow-up, 8 of 36 patients (22.2%) patients died

of their disease, and 11 of 36 patients (30.6%) developed

a recurrence. No correlation was observed between

MDR1 promoter methylation and recurrence-free sur-

vival (Fig. 3 Top Left) or overall survival (Fig. 3 Top

Right). However, both GSTP1 promoter methylation

and DNTM1 protein expression were correlated with the

recurrence and survival rates (P < .05) (Table 1). In sur-

vival analyses using Kaplan-Meier curves and log-rank

tests, GSTP1 promoter methylation was associated with

poor recurrence-free survival (P < .01) (Fig. 3 Middle

Left) and poor overall survival (P < .01) (Fig. 3 Middle

Right). The survival rate for patients who had GSTP1

promoter methylation was significantly lower compared

with the rate among patients without methylation.

DNMT1 protein expression also was associated with poor

recurrence-free survival (P < .01) (Fig. 3 Bottom Left)

and poor overall survival (P< .01) (Fig. 3 Bottom Right).

Patients who had positive DNMT1 expression had a

poorer prognosis than those who had negative expression.

Univariate and multivariate analyses demonstrated that

FIGURE 2. These are photomicrographs from immunohisto-

chemical studies of glutathione S-transferase p (GST-p), P-glyco-
protein (Pgp), and DNA methyltransferase 1 (DNMT1) expression

in bronchioloalveolar carcinoma. GST-p protein was expressed in

both cytoplasm and nucleus. (Top) Samples in which >30% of

tumor cells demonstrated nuclear staining were considered pos-

itive for GST-p (original magnification, �200). (Middle) Pgp pro-

tein was expressed in cell membranes. Samples that had >10%

tumor cells with membrane staining were considered positive

(original magnification, �200). (Bottom) DNMT1 protein was

expressed in the nucleus. Only samples in which >30% of tumor

cells had nuclear staining were considered positive for DNMT1

(original magnification, �400).

Methylation of GSTP1 and MDR1 in BAC/Gao et al

Cancer July 15, 2009 3227



lymph node metastasis, GSTP1 promoter methylation,

and DNMT1 expression could serve as prognostic factors

independent of other factors (Table 4).

DISCUSSION

Intensive investigations have been performed regarding

correlations between protein expression of GST-p and

patient responses to chemotherapy.8,9,29 However, the

regulation of protein expression by promoter methylation

of GSTP1 is not understood well. In addition, the clinical

significance of promoter methylation is not clear. CpG

island methylation of GSTP1 reportedly was detected in

93% of patients with prostate cancer.12 Methylation at a

single gene locus encompassing GSTP1 did not correlate

with any clinicopathologic variables in that study. In con-

trast, methylation at 2 gene sites (GSTP1/adenomatous

polyposis coli [APC] and GSTP1/prostaglandin G/H

synthase and cyclooxygenase [PTGS2]) was correlated sig-

nificantly with clinical stage and Gleason score.12 Methyl-

ation of GSTP1 also was detected in the serum from

27.8% of patients with metastatic prostate cancer and has

potential as a useful biomarker for patients with hor-

mone-refractory prostatic cancer.30 In the current study,

none of the normal lung tissue samples contained pro-

moter methylation of GSTP1. However, 8 of 36 BAC

samples (22.2%) had GSTP1 methylation. GSTP1 meth-

ylation was correlated significantly with poor overall sur-

vival and recurrence-free survival. Multivariate analysis

suggested that GSTP1 methylation may serve as a prog-

nostic indicator independent of other factors for patients

with BAC. A significant correlation was observed between

DNMT1 protein expression and methylation status of the

GSTP1 promoter, and there was a tendency for samples

with GSTP1 methylation to have more frequent negative

GST-p expression. Given the function of DNMT1 to

silence gene transcription through methylation of pro-

moter CpG islands, our results suggest that the DNMT1

protein may mediate promoter methylation of GSTP1

and that GSTP1 methylation, in turn, may result in

decreased expression of the GST-p protein in BAC.

The precise molecular mechanisms responsible for

Pgp protein expression have been controversial in the lit-

erature. Some reports indicated that amplification of the

MDR1 gene may result in its overexpression and may be

implicated in acquired chemoresistance.31,32 However,

other reports have demonstrated that chemotherapeutic

drugs may induce specific epigenetic modifications (hypo-

methylation) at the MDR1 locus and may up-regulate

MDR1 by transcriptional activation.33,34 In the current

study, there was a significant correlation between MDR1

methylation and negative Pgp expression. Our results sup-

port the conclusion that methylation of the MDR1 pro-

moter negatively regulates Pgp protein expression in

BAC. Furthermore, no correlation was observed between

the methylation status of the MDR1 promoter and

DNMT1 protein expression in this study, suggesting that

MDR1 methylation may be mediated by some other

pathway or by DNA methyltransferases, such as

DNMT3a or DNMT3b, rather than DNMT1 in BAC.

MDR1 methylation was not correlated with tumor

stage or patient prognosis in this study, suggesting that

MDR1 methylation would not be a good prognostic

indicator for BAC. This result differs from the results

from studies performed on prostate cancer35 and

neuroblastoma samples,36 which suggested that MDR1

Table 3. Correlation Between the Expression of DNA Methyltransferase 1, P-glycoprotein, and Glutathione S-Transferase
p Protein and the Methylation Status of Multidrug Resistance Gene 1 and Glutathione S-Transferase p 1

Methylation
Status

DNMT1 Pgp GST-p
Positive Negative P Positive Negative P Positive Negative P

MDR1
M 18 8 .140 10 16 .026

U 4 6 7 3

GSTP1
M 6 2 .036 6 2 .046

U 16 12 24 4

DNMT1 indicates DNA methyltransferase 1; Pgp, p-glycoprotein; GST-p, glutathione S-transferase p; MDR1, multidrug resistance gene 1; M, methylated; U,

unmethylated; GSTP1, glutathione S-transferase p1.
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FIGURE 3. These Kaplan-Meier survival curves for patients with bronchioloalveolar carcinoma were calculated according to methylation

status of the glutathione S-transferase p1 (GSTP1) promoter or the multidrug resistance (mdr) gene 1 (MDR1) promoter and DNA methyl-

transferase 1 (DNMT1) expression. No correlation was observed between MDR1 promoter methylation and (Top Left) recurrence-free sur-

vival or (Top Right) overall survival. GSTP1 promoter methylation was associated with (Middle Left) poor recurrence-free survival (P < .01)

and (Middle Right) poor overall survival (P< .01).The survival rate of patients who had GSTP1 promotermethylationwas significantly lower

than the survival rate of patients without GSTP1 promoter methylation. DNMT1 protein expression also was associated with (Bottom Left)

poor recurrence-free survival (P < .01) and (Bottom Right) poor overall survival (P< .01). Patients who had DNMT1-positive expression had

a poorer prognosis than patientswho hadDNMT1-negative expression.Cum survival indicates cumulative survival.



methylation may contribute to tumor progression and

may serve as a poor prognostic factor. One explanation

for this discrepancy is that the MDR1 promoter is not

methylated in the majority of benign prostate disease12;

whereas, in the current study, normal lung tissue demon-

stratedMDRmethylation.

Because it deregulates the expression of tumor sup-

pressor genes, promoter methylation is a crucial event in

cancer initiation and progression.13-15 Overexpression of

DNMT1 messenger RNA has been reported in several

human tumors, including gastric cancer, prostate cancer,

renal cancer, and lung cancer.19,25,37 In the current study,

all samples of normal lung tissue and noncancerous tissues

near the primary cancer demonstrated negative expression

of DNMT1, whereas 22 of 36 BAC samples (61.1%)

were positive for DNMT1 expression. The results indicate

that DNMT1 protein expression is correlated with posi-

tive lymph node metastasis, disease recurrence, and poor

overall survival. These data suggest that DNMT1 protein

expression has the potential to become a predicator of

patient prognosis. This conclusion is coincident with

other investigations. In patients with nonsmall cell lung

cancer, increased DNMT1 messenger RNA expression37

and protein expression22 reportedly were associated with a

poor prognosis.

No correlation was uncovered between DNMT1

expression and other clinicopathologic parameters,

including smoking habits. However, previous reports

have indicated that exposure to tobacco smoke may

induce DNMT1 expression in nonsmall lung cancer (spe-

cifically, in squamous cell carcinoma).22,38 We believe

that this discrepancy lies in the method with which the

samples were collected from patients with BAC, a subtype

of early adenocarcinoma with well differentiated histol-

ogy. Because the tumorigenesis of lung adenocarcinoma is

not associated as closely with smoking as squamous carci-

noma, tobacco exposure may not play an important role

in mediating DNMT1 expression in BAC.

In summary, the current results suggest that methyl-

ation of the GSTP1 promoter by DNMT1 may promote

disease progression and could serve as a poor prognostic

indicator for patients with BAC. DNMT1 protein expres-

sion also could be a prognostic indicator. Methylation of

the MDR1 promoter may be mediated by pathways other

than DNMT1 in BAC and is not associated with disease

progression or patient prognosis. The contribution of

GSTP1 promoter methylation to progression and prog-

nosis in BAC deserves a further study in larger groups of

patients. Demethylation experiments, such as using 5-aza-

deoxycytidine in cultures from lung adenocarcinoma cells

and nude mouse xenografts, also are needed to supply fur-

ther evidence of the correlations between DNMT1

expression and GSTP1 methylation or GSTP1 methyla-

tion and GST-p expression.
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