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Abstract
Background—We previously identified a number of genes which were methylated significantly
more frequently in the tumor compared to the non-cancerous lung tissues from non-small cell lung
cancer (NSCLC) patients. Detection of methylation profiles of genes in NSCLC could provide insight
into differential pathways to malignancy and lead to strategies for better treatment of individuals
with NSCLC.

Methods—We determined the DNA methylation status of 27 genes using quantitative MethyLight
assays in lung tumor samples from 117 clinically well-characterized NSCLC patients.

Results—Hypermethylation was detected in one of more of the genes in 106 (91%) of 117 cases
and was detected at high levels (Percentage of Methylation Reference (PMR)≥4%) in 79% of NSCLC
cases. Methylation of APC, CCND2, KCNH5 and, RUNX was significantly more frequent in
adenocarcinomas compared to squamous cell carcinomas (SCC), while methylation of CDKN2A
was more common in SCC. Hypermethylation of KCNH5, KCNH8, and RARB was more frequent
in females compared to males. Hypermethylation of APC and CCND2 was inversely associated with
proliferation score assessed by Ki-67 level.

Conclusions—Our findings of differential gene hypermethylation frequencies in tumor tissues
from patients with adenocarcinoma or squamous cell cancers and in females compared to males
suggests that further investigation is warranted in order to more fully understand the potential
disparate pathways and/or risk factors for NSCLC associated with histologic type and gender.
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Introduction
Primary lung cancer is a major cause of death worldwide (1) and remains the leading cause of
cancer death in the United States, with an estimated 215,020 new patients diagnosed and
161,840 deaths expected in 2008 (2). Non-small cell lung cancer (NSCLC) accounts for 80%
of these new cases and includes the following histologic types: adenocarcinoma, squamous
cell carcinoma, large cell carcinoma and mixed histologies. Approximately 25-33% of NSCLC
patients present with stage I or II disease, which permits surgical resection with curative intent.
However, despite a complete and presumably curative resection, approximately 40-50% of
patients with resected NSCLC die of recurrent disease (3).

In recent years, much attention has focused on whether women and men differ with respect to
the epidemiologic and clinicopathologic features of NSCLC. Recent trends in the United States
show that while incidence in men has declined during the past decades, lung cancer has
continued to increase in women (4). Further, much of the current evidence suggests that women
have an increased susceptibility to lung cancer, are younger at age of diagnosis, are more likely
to have adenocarcinoma compared to squamous cell carcinomas, and have better response to
therapy and improved survival (5-9). Identifying the molecular profiles of these patients could
provide insight into differential pathways to malignancy in females compared to males and
could lead to strategies for better treatment of individuals with NSCLC.

It has recently become clear that epigenetic alterations play an important role in cancer
development and result in changes in gene function that occur without changes in nucleotide
sequence (10). One of the most well studied epigenetic changes is DNA methylation, which
adds a methyl group to cytosines preceding guanidines (also called CpG dinucleotides).
Methylation of CpG islands in the promoter region of the gene leads to gene silencing and
inactivation, and it has been proposed that DNA methylation of promoter regions of tumor
suppressor genes plays an important role in tumor development (11,12). A number of genes
appear to be aberrantly methylated in tumor as opposed to non-tumor tissues from NSCLC
patients (13-19). Multiple studies have attempted to assess the clinical significance of one gene,
or a small set of genes, in differentiating the clinicopathological features of these tumors (16,
18,20-25). However, most of these studies utilized qualitative methylation specific PCR (MSP)
in order to detect DNA methylation, a method that can sometimes lead to false positive results
and does not distinguish between low and high level methylation (26). Furthermore, results in
these studies have been inconsistent due to varying methylation detection protocols, PCR
primers, and study populations, and none have comprehensively studied more than 10 genes.

In the present study, we chose to quantify methylation of genes which were potentially
important in lung cancer, many of which have been assessed by others but some which have
not been previously evaluated (Appendix 1). The selected genes affect apoptosis (DAPK1,
RUNX3, TMS1, PTEN, and SOCS3), cell adhesion, invasion and/or metastasis (OPCML,
CDH13, BVES, APC, CDH1, IGSF4, KCNH5, and PCSK6), cell cycle control (CCND2,
RASSF1, APC, FHIT, CDKN2A, CDKN2B, P14, and PTEN), cell proliferation and/or
differentiation (RARB, IGFBP3, KCNH5, KCNH8, SOCS3 and PTGS2), and DNA repair and/
or detoxification of DNA adducts (FHIT, MLH1, MGMT, FANCF, and GSTP1). In order to
assess more broadly the clinical significance of gene hypermethylation in NSCLC, we
determined the DNA methylation status of these 27 genes using quantitative MethyLight assays
in lung tumor samples from 117 clinically well-characterized NSCLC patients.
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Methods
Study Population

The subjects in the present study are a subset of patients included in a larger prospective study
of fluorodeoxyglucose (FDG) PET imaging in NSCLC conducted under University of
Washington Human Subjects Division approval (27). Briefly, 208 patients were enrolled into
the imaging trial and were followed using the standard NSCLC care algorithm previously
described (28). Results of this imaging trial have been recently reported (27). In 117 of the 208
subjects, a paraffin-embedded tumor block of the primary tumor was available for methylation
analysis, the results of which are presented here.

Pathology
All biopsy and resection specimens were reviewed by the pathology department of the
University of Washington Medical Center or the Veterans Affairs Puget Sound Health Care
System to verify non-small cell histology of the lung cancer samples and to determine the
histologic subtype. NSCLC histology was classified as adenocarcinoma, squamous, large cell,
bronchoalveolar adenocarcinoma (BAC), and NSCLC with NOS/other/mixed histology.
Histologic BAC was defined using the WHO definition: a variant of adenocarcinoma
characterized by surface growth over alveolar septa and without an invasive component. The
tumor proliferation rate was assessed by the Ki-67 score as described previously (28). For each
subject, the tissue size and stage had been thoroughly assessed as described previously (29).

DNA isolation from paraffin blocks
Six 20 μm sections were cut from each block and deparaffined by xylene extraction. The
resulting tissue pellets were digested with proteinase K at 48°C overnight. The genomic DNA
was isolated by phenol/chloroform extraction and ethanol precipitation. Finally the DNA was
purified using QIAamp DNA mini-column according to the manufacturer's protocol (Qiagen,
Valencia, CA).

Sodium bisulfite conversion
Unmethylated human sperm DNA (U-DNA) and in-vitro fully methylated DNA (M-DNA)
were converted with clinical samples as described before (30). Briefly, about 1 μg DNA was
modified by 5M sodium bisulfite, desulfonated with NaOH, then purified and resuspended in
80 μl elution buffer (10 mM Tris-HCl, pH 8.0, Qiagen).

DNA Methylation (MethyLight) Analysis
For each gene, the primers and probe were designed specifically for bisulfite-converted fully
methylated DNA (Appendix 2). Amplification of bisulfite converted β-Actin (ACTB) was used
to normalize for input DNA. Samples that were negative for ACTB were excluded in the
methylation analysis. A plasmid containing bisulfite converted ACTB gene of known
concentration was diluted and used as the standard curve for quantification. The assay for a
given set of samples was considered valid only if the converted U-DNA was not amplified,
while the converted M-DNA was amplified. The Percentage Methylated Reference (PMR) for
each locus was calculated by dividing the GENE: reference ratio of a sample by the GENE:
reference ratio of M-DNA and multiplying by 100 (31). Twenty-seven genes, plus the control
gene ACTB, were analyzed in this study.

Statistical Analysis—MethyLight data were dichotomized semi-quantitatively, initially
classifying a specific gene positive for hypermethylation using both a PMR>0% cutoff as well
as a PMR≥4% cutoff, as we have used in our previous study of lung cancer methylation (19).
However, for assessing associations of hypermethylation with behavioral and clinical data, we
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used a cutoff value of PMR>4% which has been validated in the literature as a standard cutoff
and is associated with loss of protein expression (31-34). When multiple cancerous tissue
samples were available, we randomly chose one of the cancerous blocks to be used in this
analysis. Factors associated with patient and tumor characteristics were assessed univariately
with chi-square tests for trend and logistic regression. In the final analysis, multivariable
adjustments were made to adjust for the potentially confounding effects of histologic type,
gender, and tumor size. Exact logistic regression was utilized to compute risk estimates and
confidence intervals when the prevalence of gene methylation was low. In the multivariable
analyses, p-values and 95% confidence intervals were adjusted to take into account multiple
comparisons by setting the false discovery rate (FDR) equal to 0.05, using PROC MULTTEST
(35) and subsequently recalculating confidence intervals (36). A two-sided 0.05 test level
determined statistical significance for all analyses. All analyses were conducted using SAS
version 9.1 (SAS Institute Inc., Cary, NC).

Results
Demographics

In the present study, we chose genes which were potentially important in lung cancer and
determined the DNA methylation status of these 27 genes using quantitative MethyLight assays
in lung tumor samples from 117 well-described patients. The mean age of the 117 NSCLC
cases at the time of enrollment in the imaging trial was 64.8 years (Table 1).

Somewhat less than half were female (38%), and most were caucasian (90%). All but five
patients reported a history of smoking, with 68% reporting at least 40 lifetime pack-years of
smoking. The majority of these NSCLC cases had surgical stage I (56%) or II (24%) disease
and more than half (57%) had tumors < 3cm. By histology, 44% of the tumors were
adenocarcinomas, including 7% bronchioloalveolar carcinomas (BAC) and 37% non-BAC
adenocarcinomas, 33% were squamous cell carcinomas, and 17% were large cell carcinomas.
Fifty-eight percent had poorly differentiated tumors.

Methylation and Clinical and Tumor Characteristics
The methylation profiles of twenty-seven genes were assessed (Table 2). Hypermethylation at
PMR>0% was detected in at least one NSCLC case for all genes except P14 and SOCS3. Three
genes (APC, CCND2, and RARB) were had detectable methylation in at least 50% of cases,
and nine other genes (BVES, CDH1, CDH13, CDKN2A, DAPK1, IGSF4, KCNH5, RASSF1
and RUNX) were methylated in 20-49% of cases. Hypermethylation at any level was detected
in one or more of the genes in 106 (91%) of 117 cases. The frequency of high levels of
methylation (PMR≥4%) in NSCLC tissues was at least 20% for seven genes, including APC
(38%), RARB (31%), RASSF1 (30%), CCND2 (29%), CDKN2A (26%), BVES (23%), and
RUNX (21%). Hypermethylation at PMR≥4% was detected in one or more of the genes in 92
(79%) of 117 cases; 28 (24%) cases were positive for one gene, 16 (14%) were positive for
two genes, 26 (22%) were positive for 3 to 5 genes, and 22 (19%) were positive for at least 6
and up to 12 genes. Subsequent analyses are presented only for genes (n=15) with high levels
of methylation (PMR≥4%) detected in at least 4% of the NSCLC cases.

Methylation patterns varied substantially by histologic type (Table 3), as the percentage of
patients with hypermethylation of a number of genes was significantly different in tumors from
those with squamous cell carcinomas compared to non-BAC adenocarcinomas, large cell
carcinomas, and bronchioloalveolar cell (BAC) adenocarcinomas. In non-BAC
adenocarcinomas (n=43) compared to squamous cell carcinomas (n=36), methylation at
PMR>4% was significantly more frequent (p<0.05) for APC (45% vs. 17%, respectively),
CCND2 (45% vs. 3%), KCNH5 (26% vs. 0%), KCNH8 (12% vs 0%), OPCML (16% vs. 0%),
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and RUNX (33% vs. 3%). However, in squamous cell carcinomas, methylation of CDKN2A
(46% vs. 14%) and MGMT (10% vs. 0%) was more common than in non-BAC
adenocarcinomas. The methylation patterns in large cell carcinomas (n=19) and BACs (n=8)
were similar to those of non-BAC adenocarcinomas.

In univariate analyses, female gender was associated with increased methylation frequency
among the 117 NSCLC cases, as RARB, OPCML, KCNH5, and KCNH8 had significantly
higher frequencies of methylation among females compared to males (p<0.05, data not shown).
However, as 46% of adenocarcinomas but only 26% of squamous cell carcinomas were in
female subjects, the relationships between gender and gene methylation are likely confounded
by histologic type. In order to assess the independent associations between gender and
methylation after taking histology into account, we analyzed methylation frequencies stratified
by gender and histology (Table 4). Interestingly, among those with adenocarcinoma,
hypermethylation of two (KCNH8 and RARB) of the four genes more frequently
hypermethylated overall was significantly more frequent in females compared to males.
Conversely, among those with squamous cell carcinoma, hypermethylation of APC, BVES,
and CDKN2A were somewhat more frequent in males compared to females, although none of
those comparisons were statistically significant. Finally, in the small number (n=20) of subjects
with large cell NSCLC, hypermethylation at PMR≥4% of KCNH5, KCNH8, OPCML, and
RUNX was common (>50%) in females (n=7) but rare (<20%) in males (n=13).

Methylation at PMR≥4% of KCNH8 (OR=0.4, 95% CI=0.2-0.9 per 10 years of age) and RARB
(OR=0.6, 95% CI=0.4-0.9 per 10 years of age) was somewhat less frequent in older as opposed
to younger NSCLC patients (Table 5). Since only 5 NSCLC patients were never-smokers, we
were unable to assess hypermethylation associated with smoking status. However, among
smokers the estimated pack-years of lifetime cigarette smoking was available. Methylation of
CDH1 (OR=1.2 per 10 pack-years) and CDKN2A (OR=1.1 per 10 pack years) was somewhat
associated with increased lifetime quantity of cigarette smoking, although these associations
did not reach statistical significance. In further univariate analyses, there was a trend (OR's >
1.0) for most genes to be somewhat more likely to be methylated in larger compared to smaller
tumors, although this reached statistical significance only for CDKN2A (OR=1.4, 95%
CI=1.0-1.8 per 1 cm increase in tumor size, respectively). Gene hypermethylation was not
strongly or systematically associated with tumor stage or nodal tumor involvement (data not
shown). In terms of tumor differentiation, APC was more commonly detected in well (56%)
or moderately (49%) differentiated tumors compared to poorly differentiated tumors (30%,
p=0.04 test for trend). Similar patterns were present for CCND2 and RASSF1, although these
trends did not reach statistical significance.

Hypermethylation at PMR≥4% of APC (p=0.05), CCND2 (p=0.009), and to a lesser degree
RUNX (p=0.08) was somewhat inversely associated with proliferation score assessed by Ki-67
level (Figure 1). Conversely, hypermethylation of RARB (p=0.06) is associated with increased
proliferation score. Specifically, CCND2 was methylated in 49% of tumors with low Ki-67
(<30%), 23% of tumors with medium Ki-67 (30-70%), and 20% of tumors with high Ki-67
(>70%). Similarly, APC was methylated more frequently in those with low (51%) compared
to medium (33%) or high (29%) Ki-67 levels.

In order to assess the independent associations between gene hypermethylation and histologic
type, tumor size, and gender, we conducted multiple multivariable logistic regressions (Table
6). Since the BAC (n=8) adenocarcinomas showed similar methylation patterns as the non-
BAC adenocarcinomas, these two histologic groups were combined for these analyses. In
multivariable analyses adjusting for the potential false discovery rate associated with multiple
comparisons (15 different models), methylation of a number of genes remained associated with
histologic type. Methylation at PMR≥4% of APC (OR=0.2, 95% CI 0.0-0.6), CCND2 (OR=0.0,
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95% CI 0.0-0.4), KCNH5 (OR=0.1, 95% CI 0.0-0.5) and RUNX (OR=0.1, 95% CI=0.0-0.6)
was significantly less likely in squamous cell carcinomas compared to adenocarcinomas.
Conversely, methylation of CDKN2A (OR=5.8, 95% CI=1.6-20.7) was significantly more
likely in squamous cell carcinomas compared to adenocarcinomas.

After adjustment for histologic type, trends of increased methylation in larger tumors and
females compared to males remained. Methylation of APC, BVES, CDH13, CDKN2A,
KCNH5 and OPCML was somewhat increased with increasing tumor size, with ORs ranging
from 1.2 to 1.5, although none of these differences were not statistically significant after
adjustment for multiple comparisons. In multivariable analysis, adjusting for histologic type
and tumor size, females remained significantly more likely than males to have methylation of
KCNH5 (OR=4.9, 95% CI 1.1-22.1), KCNH8 (OR=33.4, 95% CI 3.3-∞), and RARB (OR=3.2,
95% CI 1.1-9.7). These associations were not substantially changed by further adjustments for
age or Ki-67 level.

Discussion
In this study of 117 well-characterized NSCLC subjects, we assessed the gene methylation
status for 27 genes in tumor tissue blocks with a number of patient and tumor characteristics
using quantitative MethyLight assays. Methylation at any level in at least one gene was present
in 91% of tumor samples, and a high level of methylation (PMR≥4%) in at least one gene was
present in 79% of tumor samples. Conversely, we previously showed that only one of the genes
(APC) is methylated at high levels in more than 10% of matched noncancerous tissue from
NSCLC patients and that only 5 of the other 26 genes in the current study (RARB, CCND2,
CDH1, CDKN2A, and OPCML) were ever methylated (in 2-8% of patients) at high levels in
noncancerous tissues (19). In the current study we found that methylation of a number of genes
was significantly associated with histologic type; adenocarcinoma was associated with
increased methylation of APC, CCND2, KCNH5, and RUNX, and squamous cell carcinoma
was associated with increased methylation of CDKN2A. There were trends towards larger
tumors being associated with increased methylation frequency. Finally, females with lung
cancer were significantly more likely than males to have methylation of a number of genes,
including KCNH5, KCNH8, and CDH13.

Our findings of substantial differences in gene methylation patterns depending on histologic
typing of NSCLCs have been reported to some degree in the literature. Similar to what we
observed in the present study, a number of others (13,16,17,21,37) have noted that APC is
more frequently methylated in adenocarcinomas compared to squamous cell carcinomas,
although this has not always been noted (38). Similarly, methylation of RUNX was detected
with higher frequency in adenocarcinomas compared to squamous cell carcinomas in previous
studies (16,39,40). Conversely, methylation of CDKN2A (also known as p16INK4a) has
previously been reported to be more common in squamous cell carcinomas compared to
adenocarcinomas in most (13,16,18,20,24,40) but not all (21,37) prior studies. However, we
believe that our findings that methylation of CCND2 is frequent in adenocarcinomas (46%)
but not squamous cell carcinomas (3%) and that methylation of KCNH5 and KCNH8 is less
frequent in adenocarcinomas (26% and 12%, respectively) but is specific to this class of tumors,
are new to the literature. Aberrant methylation of cyclin D2 (CCND2) has been previously
noted as potentially contributing to the pathogenesis of NSCLC (41). However, in that report,
potential differences in methylation of CCND2 between squamous and adenocaricomas in
NSCLC tumors were not evaluated. Methylation of APC and CCND2, while common in cancer
tissues, is also detected frequently in matched non-cancerous lung tissue (19), suggesting that
methylation of these two genes may not be a cancer-specific change, but may be the result of
environmental exposure, perhaps due to smoking.
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We noted a number of important differences in hypermethylation frequency in females
compared to males, even after taking into account histologic type. Females with
adenocarcinoma were significantly more likely to have methylated CDH13, KCNH5, KCNH8,
and RARB compared to males. Interestingly, these differences were not observed in squamous
cell carcinomas, although KCNH5 and KCNH8 were not hypermethylated in any squamous
cell cancers, regardless of gender. Conversely, males with squamous cell carcinomas were
more likely to have hypermethylation of APC, BVES, and CDKN2A (p16INK4a). These
substantial differences have not been consistently noted in the literature (16,18,20-22,42),
perhaps because few studies have stratified by histologic type when assessing
hypermethylation differences by gender. Since females are more likely to have
adenocarcinomas compared to males (43), in other studies, differences in hypermethylation
frequency due to gender may have been obscured by differences due to histologic type. These
substantial differences in hypermethylation by gender suggest the possibility of differential
pathways and/or risk factors for NSCLC between genders. Hypermethylation of RARB was
similarly common (31%) in males and females with squamous cell carcinoma, but was
substantially more common in females with adenocarcinama (54%) or large cell carcinoma
(57%) compared to males (11% and 23%, respectively).

Gender differences have historically been noted and debated in the literature with respect to
susceptibility and risk factors for NSCLC, especially with regards to the effect of cigarette
smoking as well as survival and effectiveness of treatment. The relevance of these variations
remains unclear (6-9,44-47). Epidemiologic studies have generally noted that women with
NSCLC are more likely to have developed adenocarcinoma, tend to be younger than men, and
are more likely never to have smoked (4,5,48,49). Additionally, for a given stage and treatment
regimen, women may have better outcomes than men (7,45). Hormonal factors may account
for differences between men and women with regards to lung cancer (50,51) although how
hormones relate to gene methylation patterns in NSCLC remains unclear. In one study, estrogen
receptor (ER) alpha promoter methylation was increased in males with NSCLC compared to
females and was associated with poorer prognosis (52). Another proposed explanation is that
there is decreased DNA-repair capacity in women compared to men (53), although we did not
find evidence that methylation of DNA repair associated genes was differential in males
compared to females in the five DNA-repair genes we studied (FHIT, MLH1, MGMT, FANCF,
and GSTP1).

To our knowledge, hypermethylation of KCNH5 and KCNH8, two voltage-gated, ether a go-
go (Eag 1) family potassium channels, has not been previously studied with regards to human
cancers, although KCNH2 has been reported to be downregulated in breast cancer (54). The
role of potassium channels in cancer has gained increasing interest in recent years as a possible
target for tumor therapy (55,56). In the present study, hypermethylation of KCNH8 was
observed in tumors from six (25%) of 24 females with adenocarcinoma, but was not observed
in any males with adenocarcinoma (n=27) or tumors from squamous cell carcinomas from
either gender (n=39). Interestingly, hypermethylation of KCNH8 was present in five (71%) of
7 female cases but only one (8%) of 13 male cases of large cell carcinoma. With regards to
hypermethylation of KCNH5, we observed similar but less dramatic differences. Importantly,
we previously reported that hypermethylation of KCNH5 and KCNH8 is specific to cancerous
tissue, as none of 49 matched noncancerous lung tissues from patients with NSCLC were
hypermethylated (19).

Our study, and its comparison to other's work, has a number of important limitations. Detection
of methylation of the various genes is dependent on the primers and probes used to indicate
specific sequence regions, and differences in gene-specific detection rates and as well as
associations with clinical features of the tumors may be due to variation in the methodologies
used across studies. In the current study, we used quantitative MethyLight, with a cut-off of
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4% PMR, to determine associations with methylation. This method is considered sensitive and
specific for gene-specific methylation (30,57). Study findings were similar when a cut-off of
0% PMR was utilized. However, a number of methods, some quantitative and others less
sensitive and/or specific qualitative procedures, have been utilized in previous reports, so direct
comparisons in study findings across studies may not be entirely possible. In the literature,
methylation of FHIT, GSTP1, and MGMT frequently occurs in NSCLC (21,24,37,42,58) but
in the current study, methylation of these genes was rarely detected. The gene-specific
discrepancies we observed are likely due to a number of factors, such as assay-specific
differences including target sites of CpG island loci, primers or probes, assay conditions
including annealing temperatures and the conditions of sodium bisulfaite conversion,
differences in tumor characteristics such as type of sample, tumor histology, and level of tumor
heterogeneity, and finally, differences in patient populations with regards to age and gender.
Primary tumor blocks were unavailable for many of the subjects in the original imaging study,
potentially limiting the generalizability of our findings, and sample sizes within histologic
subtypes and gender were limited. Further, we were unable to assess the effect of smoking
status on methylation in those with NSCLC, as only 5 subjects (4%) were never smokers. Our
findings may not be generalizable to populations in which a larger proportion of NSCLC is
attributed to cigarette smoking. The distribution of histologic types in the current study was
somewhat dissimilar to cases of NSCLC in the United States in general, as squamous and large
cell carcinomas were somewhat overrepresented (43). However, the large proportion of non-
adenocarcinoma cases and relative heterogeneity of our study tissue samples with respect to
histologic subtypes allowed us to identify important differences between adenocarcinomas and
squamous cell NSCLCs, comparisons which have rarely been assessed in other studies due to
the homogenous nature of their tumor samples. Finally, it is unclear how strongly methylation
status is correlated with expression status for the examined genes. Gene expression analyses
were not conducted in the current study. However, prior studies using MethyLight have shown
that promoter methylation (PMR>4%) of CDKNsA, MLH1, and MGMT was strongly
associated with respective loss of protein expression assessed by immunohistochemistry in
colorectal cancers (32). In a more recent study in diffuse large B-cell lymphoma, there was
good correlation between the presence of MGMT protein expression and unmethylated status
using MethyLight (34) and MethyLight performed better than qualitative methylation-specific
PCR (MSP). However, in another study, methylation of DAPK (using MSP) was not related
with gene silencing in lung cancer cell lines and a number of CpG dinucleotides were often
methylated in expression-negative tissues (59). Clearly there may be mechanisms other than
promoter hypermethylation contributing to down-regulation of gene expression.

In summary, in the present study of 117 patients with NSCLC, we found that methylation of
a number of genes was strongly associated with histologic type; adenocarcinoma was
associated with increased methylation of APC, CCND2, and RUNX, squamous cell carcinoma
was associated with increased methylation of CDKN2A (p16INK4a), and large cell carcinoma
was associated with increased methylation of KCNH8. Among patients with adenocarcinoma,
females were significantly more likely to have methylated CDH13, KCNH5, KCNH8, and
RARB compared to males. Conversely, males with squamous cell carcinomas were more likely
to have hypermethylation of APC, BVES, and CDKN2A (p16INK4a).

The dissimilar pattern of gene hypermethylation in adenocarcinomas compared to other forms
of NSCLC implies different pathogenesis of cancer by histologic type. Further, our findings
of differential gene hypermethylation frequencies among those with adenocarcinoma or
squamous cell cancers in females compared to males suggests that further investigation is
warranted in order to more fully understand the potential disparate pathways and risk factors,
especially with regard to smoking and hormones, as well as potential differential treatment
modalities for NSCLC associated with histology and gender.

Hawes et al. Page 8

Lung Cancer. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Proliferation score (Ki-67) distribution in tumors with and without hypermethylation of APC
(A), CCND2 (B), RARB (C), and RUNX (D).
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Table 1
Baseline patient and tumor characteristics of NSCLC cases

NSCLC Cases
(n=117)

Age (mean years ± sd) 64.8 ± 8.9

Female Gender 45 (38%)

Caucasian Race 105 (90%)

Smoking History - Pack Years

 0 5 (4%)

 1-39 28 (24%)

 ≥40 80 (68%)

 Smoker, amount unknown 4 (3%)

Tumor Size (mean cm ± sd) 3.0 ± 1.5

 <2 30 (26%)

 2-3 37 (32%)

 3-5 38 (32%)

 ≥5 12 (10%)

Histologic Stage

 I 65 (56%)

 II 28 (24%)

 III 18 (15%)

 IV 6 (5%)

Histologic Type

Adenocarcinoma 51 (44%)

 Bronchoalveolar Cell (BAC) 8 (7%)

 Adenocarcinoma (Non-BAC) 43 (37%)

Squamous 39 (33%)

Large Cell 20 (17%)

NSCLC, NOS / mixed 7 (6%)

Tumor Differentiation

 Well 9 (8%)

 Moderate 40 (34%)

 Poor 68 (58%)
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Table 2
Promoter hypermethylation in NSCLC tissue (n=117)

Any methylation PMR>0% High methylation PMR≥4%

APC* 64 (57%) 43 (38%)

BVES 47 (40%) 27 (23%)

CCND2* 63 (56%) 33 (29%)

CDH1 48 (41%) 7 (6%)

CDH13 29 (25%) 13 (11%)

CDKN2A 30 (26%) 30 (26%)

CDKN2B 5 (4%) 0 (0%)

DAPK1 24 (21%) 7 (6%)

FANCF 1 (1%) 1 (1%)

FHIT 1 (1%) 0 (0%)

GSTP1 2 (2%) 2 (2%)

IGFBP3 14 (12%) 2 (2%)

IGSF4 26 (22%) 3 (3%)

KCNH5 39 (33%) 22 (19%)

KCNH8 22 (19%) 12 (10%)

MGMT 12 (10%) 5 (4%)

MLH1 1 (1%) 1 (1%)

OPCML 18 (15%) 16 (14%)

P14 0 (0%) 0 (0%)

PCSK6 11 (9%) 3 (3%)

PTEN 1 (1%) 1 (1%)

PTGS2 1 (1%) 0 (0%)

RARB 58 (50%) 36 (31%)

RASSF1 35 (30%) 35 (30%)

RUNX 25 (21%) 25 (21%)

SOCS3 0 (0%) 0 (0%)

TMS1 15 (13%) 9 (8%)

*
112 LC Blocks for APC and CCND2
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Table 5
Promoter hypermethylation in NSCLC tissues - univariate associations with age, pack-years
of smoking, and tumor size. (# OR and 95% CI)

Age
(per 10 years)

Quantity of smokingˆ
(per 10 pack-years)

Tumor Size
(per cm)

APC 0.9 (0.6-1.4) 1.0 (0.9-1.2) 1.1 (0.9-1.4)

BVES 1.2 (0.7-2.0) 1.0 (0.9-1.2) 1.3 (1.0-1.7)

CCND2 0.8 (0.5-1.2) 0.9 (0.8-1.1) 0.9 (0.7-1.2)

CDH1 1.1 (0.5-2.6) 1.2 (1.0-1.4) 1.2 (0.7-1.9)

CDH13 0.7 (0.4-1.4) 0.8 (0.6-1.1) 1.3 (0.9-1.9)

CDKN2A 1.1 (0.7-1.8) 1.1 (1.0-1.3) 1.4 (1.0-1.8)*

DAPK1 0.7 (0.3-1.8) 1.0 (0.8-1.3) 1.0 (0.6-1.6)

KCNH5 0.9 (0.6-1.6) 0.9 (0.7-1.1) 1.2 (0.9-1.7)

KCNH8 0.4 (0.2-0.9)* 0.9 (0.7-1.1) 1.1 (0.7-1.6)

MGMT 0.7 (0.3-2.0) 0.9 (0.6-1.3) 1.2 (0.7-2.1)

OPCML 1.0 (0.6-1.8) 1.0 (0.9-1.2) 1.3 (0.9-1.8)

RARB 0.6 (0.4-0.9)* 1.0 (0.8-1.1) 1.0 (0.8-1.3)

RASSF1 0.8 (0.5-1.3) 1.0 (0.8-1.1) 0.9 (0.7-1.2)

RUNX 0.8 (0.5-1.4) 0.9 (0.8-1.1) 1.1 (0.8-1.4)

TMS1 1.6 (0.7-3.5) 1.0 (0.8-1.2) 1.2 (0.8-1.8)

#
OR – Odds ratio with 95% confidence interval

ˆ
among 108 subjects who smoked and had known pack-years of smoking

*
significant at p<0.05
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Table 6
Promoter hypermethylation in NSCLC tissues – multivariable models assessing histologic
type, tumor size, and gender. (# OR and 95% CI)

Squamous vs. Adeno* Tumor Size (per cm) Female vs. Male

APC 0.2 (0.0-0.6) 1.2 (0.7-2.1) 0.7 (0.1-4.4)

BVES 0.8 (0.1-4.3) 1.3 (0.8-2.2) 1.8 (0.2-13.0)

CCND2 0.0 (0.0-0.4) 1.0 (0.6-1.7) 1.6 (0.2-14.3)

CDH1** 0.6 (0.0-α) 1.1 (0.4-3.0) 0.4 (0.0-α)

CDH13 1.0 (0.0-37.8) 1.5 (0.7-2.9) 3.5 (0.5-24.6)

CDKN2A 5.8 (1.6-20.7) 1.3 (0.8-2.2) 0.9 (0.0-20.0)

DAPK1** 3.6 (0.2-71.6) 1.0 (0.3-2.7) 1.5 (0.0-α)

KCNH5** 0.1 (0.0-0.5) 1.4 (0.8-2.6) 4.9 (1.1-22.1)

KCNH8** 0.3 (0.0-5.0) 1.3 (0.3-6.1) 33.4 (3.3-340)

MGMT** 7.3 (0.4-121) 1.1 (0.4-2.9) 1.8 (0.0-α)

OPCML** 0.1 (0.0-1.5) 1.3 (0.7-2.6) 3.1 (0.3-30.9)

RARB 1.2 (0.3-5.2) 1.1 (0.6-1.8) 3.2 (1.0-9.7)

RASSF1 0.5 (0.1-2.2) 0.9 (0.5-1.6) 1.1 (0.0-82.3)

RUNX 0.1 (0.0-0.7) 1.1 (0.6-2.3) 1.3 (0.0-96.8)

TMS1** 0.3 (0.0-8.9) 1.3 (0.5-3.4) 0.8 (0.0-α)

#
OR – Odds ratio with 95% confidence interval, adjusted for multiple comparisons

*
Adenocarcinoma includes BAC and Non-BAC

**
Exact Logistic Regression

***
MGMT never methylated in Adenocarcinoma
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