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Abstract

Objective: Targeting mutated EGFR by EGFR-tyrosine kinase inhibitors (EGFR-TKI) is a potent ap-
proach to a subset of non-small cell lung cancer (NSCLC). However, the response to EGFR-TKI va-
ries in individual cases even among tumors carrying the same EGFR mutation, suggesting the in-
volvement of modifying factors. To characterize possible modifiers, we examined mutation state
of the EGFR and the KRAS genes in Japanese NSCLC and compared them with the methylation state
of lung tumor suppressors, the CADM1 and 4.1B, whose products have potentials to modify the
functions of EGFR or KRAS. Materials and methods: A total of 103 Japanese NSCLC and 11 NSCLC
cell lines were examined. Genomic DNA of exons 18 - 21 of the EGFR and exons 1 and 2 of the KRAS
were amplified by polymerase chain reaction (PCR), followed by single-strand conformation po-
lymorphism analysis and direct sequencing. Methylation status of gene promoters in NSCLC cells
were examined by methylation-specific PCR. Results: Mutations of the EGFR and KRAS were de-
tected mutually exclusively in 27 and 11 out of 103 NSCLC cases, respectively. EGFR mutations
were observed exclusively in adenocarcinoma (27 of 69, 41%) and preferentially in tumors from
female and non-smokers (p < 0.00001). Eight (30%) and 12 (44%) of 27 tumors carrying mutated
EGFR and 4 (36%) and 8 (73%) of 11 tumors carrying mutated KRAS showed methylation of the
CADM1 and 4.1B, respectively. EGFR-mutated tumors with methylation of either CADM1 or 4.1B
showed more malignant features than those with unmethylated CADM1 and 4.1B (p < 0.05). Con-
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clusion: Methylation state of the CADM1 and 4.1B are independent of the mutation status of the
EGFR or KRAS but play roles in the malignant progression of NSCLC. Integration of epigenetic in-
formation would be useful for identifying possible modifiers to predict the response or recurrence
of lung adenocarcinoma to the EGFR-TKI therapy.
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1. Introduction

Lung cancer is a leading cause of cancer death in developed countries, including USA and Japan, and about 80%
- 85% of them are histologically classified as non-small cell lung cancer (NSCLC) [1]. NSCLC develops and
progresses with multiple genetic and epigenetic alterations. Mutations of the EGFR and the KRAS oncogenes
and fusion of the EML4-ALK gene are representative driver mutations occurred in the early stage of NSCLC. On
the other hand, mutations of the tumor suppressor TP53, RBland CDKN2A genes, as well as hypermethylation
of the tumor suppressor CADM1 and 4.1B genes, occur in the late stage of tumorigenesis and play important
roles in malignant progression, including invasion and metastasis of NSCLC [2]. It is important, therefore, to
know whether these genetic and epigenetic alterations accumulate in the same cancer cells and participate syn-
ergistically in the malignant progression of tumors or some of the alterations occur mutually exclusively and
play roles in independent pathway of lung tumorigenesis.

Recently, several molecular targeting drugs have been developed and clinically used for the treatment of
NSCLC, especially for lung adenocarcinoma. EGFR-tyrosine kinase inhibitors (EGFR-TKI), including Gefitinib
and Erlotinib, are established for the treatment of lung adenocarcinomas carrying the specific mutations of the
EGFR gene [3]. ALK-tyrosine kinase inhibitor, Crizotinib, is also effective to a subset of lung adenocarcinoma
expressing the fusion gene, EML4-ALK [4]. On the other hand, Cetuximab, a monoclonal antibody against
KRAS protein, is widely used for the treatment of a subset of colorectal cancer with wild-type KRAS gene [5],
although treatment by Cetuximab or other RAS-targeting drugs has not been established in NSCLC over-ex-
pressing KRAS. Targeting to such specific driver oncogenes is getting a major approach to develop new mole-
cular targeting drugs against cancer. However, the responses of tumors to the relevant molecular targeting drugs
show variation in individual cases even among tumors expressing the same specific markers, suggesting that ad-
ditional factors would modulate the responsiveness to the relevant drugs [6].

We have previously identified a tumor suppressor gene, the CADM1/TSLC1, on chromosome 11¢23, which
encodes a transmembrane glycoprotein that is involved in adhesion in various epithelial cells [7]. We have sub-
sequently identified 4.1B as a direct binding protein of CADML in its cytoplasmic domain [8]. 4.1B is an ac-
tin-binding protein which transmits the signals of cell adhesion to the cytoskeletal reorganization [9]. We have
previously reported that the promoter of the CADM1 and 4.1B genes are methylated in 45 (44%) and 59 (57%)
of 103 NSCLCs, respectively, both of which provide indicators of poor prognosis of lung adenocarcinoma [10]
[11]. Promoter methylation as well as loss of expression of CADML1 and 4.1B is also observed in various can-
cers [12]-[14], suggesting that CADM1-4.1B is an important tumor suppressor cascade of NSCLC [15]-[17].

Interestingly, it has been reported that CADML1 protein associates with a member of EGFR family proteins,
ERBB3 [18], suggesting that CADM1 might possibly modify EGFR pathway. It is also noteworthy that loss of
CADML1 expression was specifically reported in an invasive model of murine lung adenocarcinoma in the mu-
tated KRAS knock-in mice, suggesting that loss of CADM1 might enhance the malignant features of tumor cells
caused by mutated KRAS [19]. However, correlation of mutated EGFR or KRAS and inactivation of CADML1 or
4.1B in NSCLC have not been reported yet.

Here, we examined the mutation state of the EGFR and KRAS genes in a series of 103 NSCLC tumors as well
as 11 NSCLC cell lines and compared to our previous results of the methylation state of the CADM1 and 4.1B
genes. Then, we analyzed the clinico-pathological features of the tumors carrying these genetic and epigenetic
alterations to investigate whether methylation of CADML1 or 4.1B could serve as modifiers of the malignant

phenotype of NSCLC.
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2. Materials and Methods
2.1. Surgical Materials and Cell Lines

A total of 103 Japanese subjects (74 men and 29 women; median age: 67 years old) provided informed, written
consent in accordance with the ethics board of the University of Tokyo (ID: 20-36-0918) and were included in
this study. All subjects were surgically resected and histologically diagnosed as having NSCLC at the National
Cancer Research Center Hospital, Japan. After surgical removal, all samples were immediately frozen and
stored at —135°C. NSCLC cell lines, Calu-3, NCI-H441, NCI-H522, SK-LU-1, and NCI-H596 were obtained
from the American Type Culture Collection; ABC-1, RERF-LC-MS, RERF-LC-OK and VMRC-LCD were
from the Health Science Research Resources Bank, Japan; and A549 and PC-14 cells were from RIKEN Cell
Bank, Japan. These cells were cultured according to the supplier’s recommendation.

2.2. Single-Strand Conformational Polymorphism (SSCP) Analysis

Genomic DNA was extracted using the AllPrep Mini Kit (Qiagen, Madison, WI, USA). For SSCP analysis, the
DNA fragments corresponding to exons 18 - 21 of the EGFR and exons 1 and 2 of the KRAS as well as their
flanking sequences were amplified by PCR using KOD FX polymerase (TOYOBO, Osaka, Japan) and a specific
pair of primers [20]. Primers used for PCR were shown in Table A1, where one of the primers in each pair was
end-labeled with Texas Red. The PCR product was diluted 10 times with a loading buffer (90% deionized for-
mamide, 0.01% New Fuchsin and 10 mM EDTA), heat-denatured for 3 min at 95°C, cooled on ice for 3 min and
then loaded onto the gel (0.5xMDE Gel Solution; BMS, Rockland, ME). Electrophoresis was carried out for 120
min at 20°C using SF5200 (Hitachi Electronics Engineering, Tokyo, Japan) with cooling systems. The results
were analyzed using a DNA Fragment Analyzed (Hitachi Electronics Engineering).

2.3. Sequencing Analysis

PCR products were separated by electrophoresis on agarose gel, and fragments were cut from the gel and puri-
fied by Wizard SV Gel and PCR Clean-Up System (Promega. Madison, W1, USA). Sequencing was conducted
by reactions with Applied Biosystems’ BigDye 3.1 kit on a 3130xI DNA sequencer. Sequence results were ana-
lyzed using Lasergene (DNASTAR, Madison, W1, USA), and statistical analysis was done using SPSS software.
The significance level was set at p < 0.05.

2.4 Methylation-Specific PCR

Genomic DNA was extracted from cells using a Wizard SV Genomic DNA Purification System (Promega) ac-
cording to the manufacturer’s instructions. For methylation analysis, 500 ng of genomic DNA was subjected to
bisulfite conversion using a MethylCode Bisulfite Conversion Kit (Invitrogen, Carlsbad, CA, USA). Then, the
bisulfate-converted DNA (50 ng) was subjected to PCR to amplify methylated and unmethylated DNA of cancer
related genes, including RASSF1A, CDKN2A, APC, CDH1, GATA-4 and GATA-5, by Platinum Taq DNA Poly-
merase (Invitrogen). Pairs of primers specific to methylated and unmethylated DNA were as listed in Table Al
[21]-[25]. Methylation state of the CADM1 and 4.1B genes in 11 cells were analyzed by bisulfite SSCP as de-
scribed previously [10] [11].

2.5. Statistical Analysis

Fisher exact test were used for categorical variables. Stat View 5.0 (SAS Institute, Cary, NC) was used for the
analysis. Differences with P value of less than 0.05 were considered significant.

3. Results

3.1. Mutation of the EGFR and the KRAS Genes in Japanese NSCLC

SSCP analysis followed by sequencing analysis of exons 18 - 21 and their flanking regions of the EGFR gene
idenified 27 mutations (26%) out of 103 HNSCC cases (Figure 1 and Figure 2, Table 1). These include 14 in-
frame deletions of 15 nucleotides corresponding to codon 746 to codon 750, nine T to G transversions at codon
858 (leucine to arginine), and four G to T transversions at codon 719 (glycine to cysteine), all of which are
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known mutations of the EGFR. On the other hand, SSCP and sequencing analyses of exons 1 and 2 and their
flanking regions of the KRAS gene identified 11 mutations (11%) out of 103 NSCLC cases, all of which were

A. EGFR B. EGFR C. KRAS
exon 18 exon 19 exon 1
TTTTN TTTTN TTTTN
12344 567838 910111212
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Figure 1. Single-strand conformation polymorphism (SSCP) analysis of exon
18 (A) and exon 19 (B) of the EGFR and exon 1 of the KRAS genes. T1-T12
are DNAs from NSCLC, while N4, N8, N12 are DNAs from non-cancerous
lung tissues from the same patients. T3, T7 and T10 showed shift of the mo-
bility caused by nucleotide substitutions indicated by red arrow. Primer pairs
used for amplification of exons 18 - 21 of the EGFR gene and exons 1 and 2
of the KRAS gene are listed in Table Al. Red arrows indicate bands with
mobility shift caused by higher structural changes due to nucleotide substitu-
tions or deletions.

A. EGFRexon 18, B. EGFRexon 21,
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C. EGFR exon 19, 18- bp deletion (E746 - A750)
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Figure 2. Sequencing analysis of the EGFR and the KRAS genes. A-C. A G
to T transversion of codon 719 (Glycine (GGC) to Cysteine (TGC)) in exon
18 (A), an in-frame deletion of 15-bp from codon 746 to codon 750 in exon
19 (B) and T to G transversion of codon 858 (CTG (Leucine) to CGG (Argi-
nine) (C) of the EGFR gene are shown. (D) and (E) A G to T transversion of
codon 12 (GGT (Glycine) to TGT (Cysteine)) in exon 1 (D) and a G to T
transversion of codon 61 (CAA (Glutamine) to CTA (Leucine)) in exon 2 (E)
of the KRAS gene are shown.

known activating mutations of the KRAS gene (Figure 1 and Figure 2, Table 2).

3.2. Clinico-Pathological Features of NSCLC with the EGFR or the KRAS Mutations

It is widely accepted that the EGFR mutation is preferentially observed in female cases of adenocarcinoma
without smoking background, whereas the KRAS mutation is frequently detected in NSCLC with heavy smoking
background. The present study confirmed these characteristics (Table 1 and Table 2). The EGFR mutation is
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Table 1. EGFR mutation and clinicopathological characteristics of primary NSCLCs.

No. of tumors

Characteristics examined WT EGFR mutation (%) p
Total 103 76 27 (26)
Age (mean) 67.0 3.2 63.8
Gender
Male 74 64 10 (14)
Female 29 12 17 (59) <0.00001
Smoking status
Never 26 10 16 (65)
Ex-smoker 26 20 6 (23)
Current 51 46 5 (12) <0.00001
Smoking index
<799 46 23 23 (54)
>800 57 53 4 (@) <0.000001
Histological differentiation
Adenocarcinoma 69 42 27 (41) <0.0001
Squamous cell ca. 26 26 0 (0)
Adenosquamous ca. 2 2 0 (0)
6 6 0 ©)
Adenocarcinoma 69 42 27 (41)
Histological differentiation
Well differentiated 22 10 12 (55)
Moderately diff. 37 22 15 (41) p <0.05
Poorly differentiated 10 10 0 (0)
Patholoical stage
I 36 21 15 (42) NS
1l 13 8 5 (38)
1] 17 10 7 (41)
v 3 3 0 0)
KRAS gene
Mutated 11 11 0 0)
Not mutated 92 65 27 (32) p<0.05
CADML1 gene
Methylated 45 37 8 (18)
Unmethylated 58 39 19 (33) NS
4.1B gene
Methylated 59 47 12 (20)
Unmethylated 44 29 15 (34) NS
CADM1 or 4.1B gene
Both or either methylated 71 55 16 (23)
Both unmethylated 32 21 11 (34) NS

NS: not significant: LCNEC: Large cell neuroendocirne carcinoma.
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Table 2. KRAS mutation and clinicopathological characteristics of primary NSCLCs.

No. of tumors

Characteristics examined WT KRAS mutation (%) p
Total 103 11 (11)
Age (mean) 67.0 68.3
Gender
Male 74 64 10 (14)
Female 29 28 1 3) NS
Smoking status
Never 26 25 1 4)
Ex-smoker 26 23 3 (12)
Current 51 44 7 (14) NS
Smoking index
<799 46 42 4 C)
>800 57 50 7 (12) NS
Histological differentiation
Adenocarcinoma 69 63 6 9) NS
Squamous cell ca. 26 24 2 (8)
Adenosquamous ca. 2 1 1 (50)
LCNEC 6 4 2 (33)
Patholoical stage
I 51 47 4 ) NS
1l 27 22 5 (19)
I 22 20 2 ®)
v 3 3 0 0)
CADML1 genes
Methylated 45 41 4 9) NS
Unmethylated 58 51 7 (12)
EGFR
Mutated 11 11 0 0) p <0.05
Not mutated 92 65 27 (32)
CADM1 gene
Methylated 45 41 4 9) NS
Unmethylated 58 51 7 (12)
4.1B gene
Methylated 59 51 8 (14) NS
Unmethylated 44 41 3 @)
CADM1 or 4.1B gene
Both or either methylated 71 62 9 (13) NS
Both unmethylated 32 30 2 (6)

NS: not significant; LCNEC: Large cell neuroendocrine carcinoma.
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observed exclusively in adenocarcinoma (27/69; 39%) but not in 26 squamous cell carcinoma, 2 adenosquamous
carcinoma, or 6 large cell neuroendocrine carcinoma (LCNEC) (p < 0.0001). The incidence of the EGFR muta-
tion is also significantly higher in female cases (17/29; 59%) than that in male cases (10/74; 14%) (p < 0.00001).
In addition, the incidence of the EGFR mutation is significantly higher in never smokers (16 of 26; 62%) in
comparison with that in ex-smokers (6 of 26; 23%) or in current smokers (5 of 51; 10%) (p < 0.00001). Moreo-
ver, mutation of the EGFR and the KRAS gene was also detected mutually exclusively as previously reported.

On the other hand, the incidence of the KRAS mutation do not show significant difference in male or female
cases (10 of 74; 14% and 1 of 29; 3%, respectively) or in current smokers (7 of 51; 14%) in comparison with
that in in ex-smokers (3 of 26; 12%) or in never smokers (1 of 26; 4%) (Table 2). In contrast to the EGFR muta-
tion, the KRAS mutation is detected in considerable portions of various histological subtypes of NSCLC, in-
cluding adenocarcinoma (6 of 69; 9%), squamous cell carcinoma (2 of 26; 8%), adenosquamo cell carcinoma (1
of 2; 50%) and large cell neuroendocrine carcinoma (2 of 6; 33%).

3.3. Mutation of the EGFR or the KRAS Genes Is Independent of the Promoter Methylation
of the CADM1 or 4.1B Genes in Japanese NSCLC

Next, mutation state of the EGFR and KRAS gene obtained in this study was compared with the methylation
state of the CADML1 or 4.1B gene promoters that we have previously reported in the same series of NSCLC tu-
mors [10] [11]. As shown in Table 1, the EGFR mutation was observed in 8 of 45 (18%) NSCLC tumors with
hypermethylation of the CADM1 and in 19 of 58 (33%) tumors without hypermehylation of the CADM1. Simi-
larly, the EGFR mutation was observed in 12 of 59 (20%) NSCLC tumors with hypermethylation of the 4.1B
and in 15 of 44 (34%) tumors without hypermehylation of the 4.1B. These incidences do not show any signifi-
cant difference, suggesting that the CADML1 or the 4.1B methylation is an independent event of the EGFR muta-
tion.

When clinico-pathological features of the EGFR-mutated tumors were examined, the CADML1 or 4.1B methy-
lation appeared to be preferentially observed in tumors with moderately differentiated histology or with stages Il
or 11 in comparison with tumors with well differentiated histology or those with stage I, although the difference
was not statistically significant. Since CADM1 and 4.1B act in the same cascade of tumor suppression [8] [16],
this cascade would be disrupted when either the CADM1 or 4.1B is methylated, whereas this cascade would be
intact only when both the CADM1 and 4.1B are unmethylated. When we divide 27 EGFR-mutated tumors into
two groups from this point of view, methylation of either the CADM1 or 4.1B was more frequently observed in
moderately differentiated tumors (12 of 15, 80%) than in well differentiated tumors (4 of 12; 33%) (p < 0.05) or
in tumors with stages Il and I11 (10 of 12; 87%) than in stage | tumors (6 of 15; 40%) (p < 0.05) (Table 3).

Similarly, the KRAS gene mutation was observed in 4 of 45 (9%) NSCLC tumors with the CADM1 methyla-
tion, while in 7 of 58 (12%) tumors without the CADM1 methylation. The KRAS mutation was also observed in
8 of 59 (14%) NSCLC tumors with the 4.1B methylation and in 3 of 44 (7%) tumors without the 4.1B methyla-
tion (Table 2). The differences in the incidence are not statistically significant, suggesting that the mutation sta-
tus of the KRAS gene is independent of the methylation status of the CADML1 or 4.1B genes in Japanese NSCLC.
Furthermore, histological differentiation and pathological stages of the KRAS-mutated tumors in terms of the
methylation status of the CADM1 or 4.1B did not show any significant difference (Table A2).

Finally, we have examined the mutation of the EGFR and the KRAS genes in 11 NSCLC cell lines and found
1 EFGR and 3 KRAS mutations, respectively, whereas methylation of the CADM1 and 4.1B were detected in 4
and 7 cell lines, respectively. The patterns of alteration in individual cells suggest that the EGFR and KRAS mu-
tations and the CADM1 and 4.1B methylation are also independent events in NSCLC cell lines (Table 4). To
know the overall tendency of gene methylation in each cell line, methylation state of 6 additional gene promo-
ters were analyzed by methylation-specific PCR. These include RASSF1A, CDKN2A, APC, CDH1, GATA-4 and
GATA-5 genes. As shown in Table 4, NCI-H441 and ABC-1 cells showed total 6 methylated genes, whereas
NCI-H522, Calu-3, PC-14, SKLU-1 and VMRC-LCD cells showed only 2 methylated genes.

4. Discussion

Molecular targeting therapies in association with specific genetic markers provide promising approaches to the
treatment of NSCLC. However, the effectiveness of or resistance to EGFR-TKI inhibitors to lung adenocarci-
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Table 3. Methylation status of the CADML1 and the 4.1B and clinico-pathological charactersitcs of EGFR-mutated lung ade-
nocarcinoma.

CADM1 Methylation 4.1B Methylation CADML1 or 4.1B Methylation
Charactersitics Total
(+) ©) (+) ©) (+) ©)
Histological differentiation
Well differentiated 2 10 3 9 4 8 12
Moderately differentiated 6 9 9 6 12 3 15
Poorly differentiated 0 0 0 0 0 0 0
‘NS ‘NS "p <0.05
Pathological stages
| 2 13 5 10 6 9 15
1 2 3 2 3 4 1 5
11 4 3 5 2 6 1 7
v 0 0 0 0 0 0 0
NS NS “p <0.05
Total 8 19 12 15 16 11 27

NS: not significant; "W/D vs M/D, T vs II + I11.

Table 4. Mutation status of the EGFR and the KRAS genes and methylation status of the CADM1, 4.1B and other genes in
human NCLCL cell lines.

Mutation Methylation No. of
Cell lines methylated

EGFR KRAS CADM1 4.1B RASSF1A CDKN2A APC CDH1l GATA-4 GATA-5 genes
PC-14 (+) +) ) 2
NCI-H596 (+) +) +) +) (+) (+) 5
SK-LU-1 (+) +) (+) 2
NCI-H441 (+) +) +) ) ) (+) (+) 6
Calu-3 (+) (+) 2
ABC-1 ) +) ) *) *) *) 6
A549 +) (+) ) (+) 4
RERF-LC-OK ) ) *) *) 4
RERF-LC-MS (+) (+) (+) 3
NCI-H522 +) +) 2
VMRC-LCD +) ) 2

noma shows diversity in individual tumors even if they are carrying the specific EGFR gene mutation. One of
the possible molecular mechanisms of this variation would be additional factors that modulate the function of
EGFR and its signaling in tumor cells. Thus, it would be important to characterize such modifiers for generating
more effective personalized therapy. Expression profiling of these tumors would provide valuable information
of possible genetic and epigenetics modifiers [26]. Alternatively, a candidate gene approach to examine the ex-
pression of specific molecules showing functional cross-talk with EGFR would be also useful. It was reported
that inactivation of the CDKN2A gene could serve as a poor prognostic factor in NSCLC [27].

In the present study, we examined the mutation status of the EGFR gene in 103 NSCLC and compared the
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results with the methylation status of the CADM1 and/or 4.1B. CADM1 was chosen because CADM1 was
shown to interact with ERBB3, a member of EGFR family proteins, and partly suppresses ERBB3 phosphoryla-
tion by recruiting a phosphatase PTPN13 [18]. Since ERBB3 forms a dimer with EGFR, CADM1 could mod-
ulate EGFR signaling. As 4.1B is a binding protein of CADML1 and acts in the downstream of CADM1 cascade,
we also compared the EGFR mutation with methylation status of the 4.1B. As widely accepted, we have con-
firmed that 27 EGFR-mutated tumors are exclusively adenocarcinoma (p < 0.00001) and developed in female (p
< 0.00001) and non-smokers (p < 0.00001). We have also confirmed that the EGFR mutation and the KRAS
mutation are mutually exclusive (Table 1).

The original finding in the present study is independent occurrence of the mutation of a driver oncogene,
EGFR, and methylation of the CADM1 and 4.1B, tumor suppressor genes involved in tumor progression in 103
primary tumors and 11 cell lines of NSCLC. This would be reasonable considering that CADM1-4.1B cascade
transmits the signals of cell adhesion to the development and maintenance of epithelia-like cell structure through
reorganizing the cytoskeleton, which is not directly related to growth factor signaling triggered by EGFR [8] [28].
Thus, 27 EGFR-mutated tumors can be divided into 16 tumors with methylation of either the CADM1 or 4.1B
genes showing disrupted CADM1-4.1B cascade, and 11 tumors with unmethylated CADM1 and 4.1B genes show-
ing intact CADM1-4.1B cascade. Another important finding of this study is that the disruption of CADM1-4.1B
cascade by methylation of either CADML1 or 4.1B genes are associated with more malignant phenotype in histo-
logical differentiation (p < 0.05) and pathological stages (p < 0.05) even in EGFR-mutated tumors (Table 3). In
addition to pathological characterization, further studies for estimating clinical outcome of the patients with these
two groups of tumors, including responses to the TKI-therapy and possible recurrence, would be required to an-
swer the question whether CADM1 and 4.1B act as epigenetic modifiers in the treatment of TKI.

As to the methylation in cancer, it should be noted that some gene promoters are often methylated not only by
causative gene silencing but also by passenger mechanisms due to the methylator phenotype of cancer cells [29].
In fact, among 8 gene promoters examined, 6 genes (75%) were methylated in 2 cell lines, whereas only 2 genes
(25%) were methylated in 5 cell lines, including PC-14 cells, suggesting that methylator phenotype could be in-
volved at least in a subset of NSCLC cell lines. In PC-14 and Calu-3 cells, however, the CADM1 and 4.1B were
the only genes methylated among 8 genes analyzed, suggesting that silencing of the CADM1 and 4.1B by pro-
moter methylation would confer some biological advantages to these cancer cells. Since PC-14 carried the
EGFR mutation, restoration of CADM1 and/or 4.1B expression might modulate the response of PC-14 cells to
EGFR-TKI, although PC-14 is essentially sensitive to EGFR-TKI.

Mutation of the KRAS gene is another common alteration of driver oncogenes in various tumors, including
NSCLC and HNSCC [5] [20] [30]. To understand the molecular mechanisms of NSCLC development and pro-
gression, Jackson et al. established an elegant mouse model, in which Cre-recombinase was infected into the
murine airway epithelial cells through retroviral gene transfer and the mutated KRAS knocked-in gene was acti-
vated in the airway epithelial cells to develop lung adenocarcinoma [31] [32]. Subsequent expression profile
analysis identified the CADML1 as one of 18 genes whose expression was significantly down-regulated in the ag-
gressive tumors showing chromosome instability [18]. These finding suggest that loss of CADM1 expression
synergistically enhances the malignant phenotype of NSCLCs carrying the KRAS mutation. Our study demon-
strated that the mutation status of the KRAS and the methylation status of the CADM1 or 4.1B were independent
phenomena. In fact, among 11 KRAS-mutated tumors, 9 tumors showed methylation of either CADML1 or 4.1B,
whereas 2 tumors showed both unmethyalted CADM1 and the 4.1B (Table A2). However, differences in the
histological differentiation and pathological stages of these two groups showed borderline or no statistical signi-
ficance in this study. Further studies to check the status of CADM1-4.1B cascade in the KRAS-mutated tumors
and their clinico-pathological features in larger cohort would be helpful to understand the pathobiological cha-
racterstics and clinical outcome of the KRAS-mutated NSCLC.

5. Conclusion

This is the first report to demonstrate that the methylation status of the CADML1 or the 4.1B gene is independent
of the mutation status of the EGFR or the KRAS gene in NSCLC. Moreover, among the EGFR-mutated lung
adenocarcinoma, methylation of both or either of the CADM1 or 4.1B was observed in tumors showing less dif-
ferentiated histology and more advanced pathological stages. Since CADM1 and 4.1B proteins have potentials
to modify the function of EGFR and KRAS signaling, methylation status of the CADM1 and/or 4.1B in tumors
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could possibly provide useful information not only for deep understanding of the pathological features but also
for predicting the response or recurrence of lung adenocarcinoma to the EGFR-TKI therapy.
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Supplemental Table Al. Sequences of the primers used for this study.

Genes and primer

Annealing temperature

Primer length

names Sequences ¢C) Product size (bp) (bp)
EGFR
EGFR-ex18-pF 5'-CCGGAGTTTTCAATCCAGTT-3' 20
EGFR-ex18-pR 5'-GTCAATGGCCCCTTTCATAA-3' 64 218 20
EGFR-ex19-pF 5-TGGATGAAATGATCCACACG-3' 20
EGFR-ex19-pR 5-AGTGCTGGGTAGATGCCAGT-3' 64 230 20
EGFR-ex20-pF 5-TCCGACTCCTCCTTTATCCA-3' 20
EGFR-ex20-pR 5-GATGGGACAGGCACTGATTT-3' o 337 20
EGFR-ex21-pF 5-AAGTTCAAGCCCAGGTCTCA-3' 53 345 20
EGFR-ex21-pR 5-TCATTCACTGTCCCAGCAAG-3' 20
KRAS
Kras-ex1-pF 5'-AAAGGTACTGGTGGAGTATTTG-3' 22
Kras-ex1-pR 5-TCTGTATCAAAGAATGGTCCTG-3' >8 265 22
Kras-ex2-pF 5-TCTTTGGAGCAGGAACAATG-3' 58 400 20
Kras-ex2-pR 5-TGCATGGCATTAGCAAAGAC-3' 20
RASSF1A
RASSF1A-M-pF 5'-CGAGAGCGCGTTTAGTTTCGTT-3' 53 169 22
RASSF1A-M-pR 5'-CGATTAAACCCGTACTTCGCTAA-3' 23
RASSF1A-U-pF 5-GGGGGTTTTGTGAGAGTGTGTTT-3' 53 169 23
RASSF1A-U-pR 5'-CCCAATTAAACCCATACTTCACTAA-3 25
CDKN2A
CDKN2A-M-pF 5-GGGTTGTTTTCGGTTGGTGTTTTC-3' 24
CDKN2A-M-pR 5'-TCTAATAACCAACCAACCCCTCC-3' 68 150 23
CDKN2A-U-pF 5-GTGAGGGTTGTTTTTGGTTGGTGTTTTT-3' 63 151 28
CDKN2A-U-pR 5'-TCTAATAACCAACCAACCCCTCC-3' 23
APC
APC-5-Ex-pF 5-TGGGYGGGGTTTTGTGTTTTATT-3' 23
APC-5-Ex-pR 5'-TACRCCCACACCCAACCAATC-3 %6 136 21
APC-5-M-pF 5-TATTGCGGAGTGCGGGTC-3' 18
APC-5-M-pR 5-TCGACGAACTCCCGACGA-3' o1 % 18
APC-5-U-pF 5-GTGTTTTATTGTGGAGTGTGGGTT-3' 24
APC-5-U-pR 5'-CCAATCAACAAACTCCCAACAA-3' %8 108 22
CDH1
CDH1-M-pF 5-GGTGAATTTTTAGTTAATTAGCGGTAC-3' - 04 27
CDH1-M-pR 5-CATAACTAACCGAAAACGCCG-3' 21
CDH1-U-pF 5-GGTAGGTGAATTTTAGTTAATTAGTGGTA-3' 29
CDH1-U-pR 5'-ACCCATAACTAACCAAAAACACCA-3 > 21 24
GATA-4
GATA-4-M-pF 5-GTATAGTTTCGTAGTTTGCGTTTAGC-3' 26
GATA-4-M-pR 5'-AACTCGCGACTCGAATCCCCG-3' %0 136 21
GATA-4-U-pF 5-TTTGTATAGTTTTGTAGTTTGTGTTTAGT-3' 60 142 29
GATA-4-U-pR 5-CCCAACTCACAACTCAAATCCCCA-3' 24
GATA-5
GATA-5-M-pF 5-AGTTCGTTTTTAGGTTAGTTTTCGGC-3' 26
GATA-5-M-pR 5'-CCAATACAACTAAACGAACGAACCG-3 60 140 25
GATA-5-U-pF 5-TGGAGTTTGTTTTTAGGTTAGTTTTTGGT-3' 29
GATA-5-U-pR 5-CAAACCAATACAACTAAACAAACAAACCA-3' %0 1 29
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Supplemental Table A2. Methylation status of the CADM1 and the 4.1B and pathological charactersitcs of KRAS-mutated
lung adenocarcinoma.

» CADM1 Methylation 4.1B Methylation C)T‘VlDemillce)x :ig'nlB
Charactersitics Total
() ) () ©) () ©)
Histological differetiation
Total 4 7 8 3 9 2 11
Well differentiated 0 1 0 1 0 1 1
Moderately differentiated 2 6 6 2 7 1 8
Poorly differentiated 2 0 2 0 2 0 2
NS NS NS
Pathological stages
Total 4 7 8 3 9 2 11
| 1 3 3 1 4 1 5
1 1 4 3 2 3 1 4
1 2 0 2 0 2 0 2
\% 0 0 0 0 0 0 0
NS NS NS

NS: not significant.
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