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Table IV. (Continued)

Fold
Accession No. Gene Name Location Function Summary Change™
NM_005766  FERM, RhoGEF (ARHGEF), 13932.2  The resulting protein contains a predicted ~ 1.46
and pleckstrin domain protein 1 ezrinike domain, a Dbl homology domain,
(chondrocyte-derived) (FARP1) and a pleckstrin homology domain; it is
believed to be a member of the band 4.1
superfamily whose members link the cyto-
skeleton to the cell membrane
NM_003938  3-Adaptin, partial CDS 19p13.3  The AP3D1 subunit is implicated in 1.46
intracellular biogenesis and trafficking of
pigment granules and possibly platelet
dense granules and neurofransmitter vesicles
NM_002354  Tumorassociated calcium signal 2p21 Member of the GA733 family 1.45
transducer 1 (TACSTD1)
148689 Voltage-dependent Na* channel Unknown  Unknown 1.44
B-1 subunit; B 1
NM_032233 Chromosome 14 open reading 14932.3  Unknown 1.44
frame 154 (C14orf154)
NM_000939  Proopiomelanocortin 2p23.3 Unknown 1.44
{adrenocorticotropin/
B-lipotropin/a-melanocyte
stimulating hormone/
p-melanocyte stimulating hormone/
B-endorphin {POMC)
NM_014989  Regulating synaptic membrane 6q12-q13  The RIM family of active zone proteins . 1.43
exocytosis 1{RIMS]) likely functions as protein scaffolds that
help regulate vesicle exocytosis during
shortterm plasticity
AF283787 Immunoglobulin heavy chain Unknown  Unknown 1.42
variable region
NM_002503  Nuclear factor of  light 19913.1 | « B-B; may be T3dependent 1.42
polypeptide gene enhancer in transcriptional activator
B-cells inhibitor, B (NFKBIB}
NM_017771  PX domain containing serine/ 3p21.2 May be a signaling protein that inferacts  1.42

threonine kinase (PXK)

with SH3 domains; contains a PX (Phox)
domain and a Wiskott-Aldrich syndrome
homology region

*The fold change is the difference in gene expression between women and men.

males and females be clarified. To this end, we
demonstrated the feasibility of using expression
profiles to differentiate sexually distinctive genes
in stage I lung adenocarcinoma. We examined
only stage I lung adenocarcinoma because these
tumors had similar characteristics.

A previous study reported that the prog-
nosis was better for female than for male lung
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cancer!; especially women with early-stage
lung cancer had longer survival rates after
surgical resection compared with males.25-28
Clinically, male and female differences have
not been distinguished therapeutically, and
sex-specific differentiation has not been con-
sidered in World Health Organization tumor

staging. We believe ours is the first report
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Figure 2. ReaHime quantitative polymerase chain reaction analysis comparing women dnd men with lung
adenocarcinoma. (A} WAP four-disulfide core domain 2 {WFDC2) expression in female adenocar-
cinoma was significantly higher than that in male adenocarcinoma (P = 0.004). (8) Major histo-
compatibility complex, class Il, DM a (HLA-DMA]} expression in female adenocarcinoma was sig-
nificantly higher than that in male adenocarcinoma (P = 0.011). (C) Expression of WFDC2 in
nonsmokers was significantly higher than that in smokers (P = 0.023), but HLA-DMA expression
was not significant in either group. NS = not significant. *Determined by f test.

of differences in gene expression in lung
adenocarcinoma. :

It has been demonstrated that in lung cancer,
there is a loss of heterozygosity (LOH) in 1p, 2q,
3p, 54, 8p, 9p, 9q, 11p, 13q, 17p, 18q, or 22q,%°
and that there might be oncogenes, where chro-
mosomal amplifications were observed, in 1p,
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2p, 8q, 12p, 17q, or 18q.3° In this study, we
selected 36 genes that altered expression by sex;
many of these genes are located in chromosomal
regions where genetic alterations were observed.

In underexpressed genes in females, heat
shock 10 kDa protein 1 (HSPE1), whose func-
tion remains unclear, is located at 2g33.1,%!



where LOH was reported for squamous cell car-
cinoma of the lung, although the frequency of
LOH was 12.9% in the progression of squamous
cell lung cancer.3? In our study, we did rot
examine LOH status, but judging from our
results, the genes that were underexpressed and
located on the region reported to have LOH
might have tumor suppressive functions, espe-
cially in female lung adenocarcinoma. However,
overexpression of HSPEI was observed in car-
cinogenesis of the large bowel and uterine exo-
cervix.3?® Expression level was relative in our
study; in other words, underexpressed genes in
females were overexpressed in males, whether
the level reached statistical significance or not.
Considering these phenomena, HSPEI might
contribute differently to carcinogenesis in male
and female lung adenocarcinoma.

WEFDC2 is located at 20q12-q13.2.3¢ It has
been reported that the WFDC2 gene is ampli-
fied in ovarian carcinomas and that WFDC2
protein is a biomarker for ovarian carcinoma.
DNA amplification at chromosomal region
20q12-q13 was found to be common in breast
cancer.3¢ In ovarian tumors, 20q12-q13 amplifi-
cation was associated with poor survival and
more aggressive tumor pathology than those
tumors with a normal 20q copy number.337

HLA-DMA is located at 6p21.3.383 Chatterjee
et al4° believe there might be a suppressor gene
on 6p21.3 in cervical carcinoma. LOH has been
frequently found at 6P21.3 in lung cancer: 53%
in non-small cell lung cancer, 36% in small cell
lung cancer.4!

In our study, WFDC2 and HLA-DMA expres-
sion also was verified using Q-PCR. These genes
were overexpressed in female patients com-
pared with male patients, similar to our find-
ings using microarray analysis. It has been sug-
gested that WFDC2 might be a particular
oncogene for several female adenocarcino-
mas,353¢ although there has already been spec-
ulation that a tumor suppressor gene might
exist at 6p21.3.2° Considering these factors,
HLA-DMA might influence oncogenic systems
in female lung adenocarcinomas.

Thus, we studied WFDC2 and HLA-DMA ex-
pression in smokers and nonsmokers. Although
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there was significant overexpression of WFDC2
in nonsmoking patients, HLA-DMA expression
was not found to be significant in either group.
This suggests that WFDC2 was related to smok-
ers developing adenocarcinoma and was not
associated with sex-specific differences. How-
ever, we found the results of HLA-DMA analysis
to be consistent with those from a previous
study by Fu et al,! who reported HLA-DMA
might be associated with sex-specific differences
in the development of lung adenocarcinomas.
It is necessary to carefully interpret the array
results when discussing these types of studies.

PCNA is a 36-kDa molecular-weight protein
acting as a subunit of DNA polymerase delta,
and is therefore associated with DNA replica-
tion.42 Increases in PCNA expression have been
reported to lead to the disruption of growth
control and may lead to malignant transforma-
tion,*3 and lung cancer with high expression of
PCNA has been reported to result in worse out-
comes.42 Interestingly, PCNA was underexpressed
in female adenocarcinoma compared with male
cancer in this study. Our results suggest that
these differences in “key point genes” might
characterize male and female lung adenocarci-
nomas. Clustering analysis of significant genes
also revealed 2 distinct molecular portraits be-
tween male and female cancer.

CONCLUSION

Our results suggest a difference in gene expres-
sion profiles in male and female lung adenocar-
dnoma. These findings may aid in the explo-
ration of the epidemiologic differences between
female and male cancer. Although our study was
a small preliminary investigation, we hope it
will provide useful information for the develop-
ment of novel treatments of lung adenocarcino-
ma that consider sex-specific differences.
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BACKGROUND. Tyrosine kinase domain (TKD) gene mutations of the epidermal
growth factor receptor gene (EGFR) have proven to be clinically significant in
nonsmall-cell lung cancer (NSCLC), particularly in adenocarcinoma. However,
TKD mutations together with deletion mutations in the extracellular domain of
EGFR (EGFRVII) have not been fully investigated in NSCLC except for adenocar-
cinoma. The present study sought to gain further insight into the significance of
EGFR mutations in NSCLC by focusing on nonadenocarcinoma NSCLC.
METHODS. EGFR TKD mutations were investigated using direct sequencing and
mutation-specific polymerase chain reaction (PCR), and EGFRVIIl mutations
were examined using reverse transcriptase-PCR in samples from 42 NSCLC
patients and 6 NSCLC cell lines excluding adenocarcinoma.

RESULTS. EGFR TKD mutations were detected in 1 of 7 (14%) squamous-cell car-
cinomas with an adenocarcinoma component and 2 of 4 (50%) adenosquamous
carcinomas. In contrast, EGFR TKD mutations were not identified in 24 pure
squamous-cell carcinomas without any adenocarcinoma component, 7 large-cell
carcinomas, or 6 cell lines. EGFRVIII was detected solely in 1 of 7 large-cell carci-
nomas (14%), but not in 31 squamous-cell carcinomas, 4 adenosquamous carci-
nomas, or 6 cell lines. ) :
CONCLUSIONS. These results suggest that EGFR TKD mutations are found in
NSCLCs with an adenocarcinoma element. Patients with such lesions are thus
considered candidates for molecular therapies targeting EGFR. Cancer
2007;109:741-50. © 2007 American Cancer Society.

KEYWORDS: {ung cancer, nonsmall-cell lung cancer (NSCLC), squamous-cell car-
cinoma, adenosquamous carcinoma, large-cell carcinoma, epidermal growth fac-
tor receptor (EGFR), mutation, EGFRvlIl, overexpression.

arious mutations within the epidermal growth factor receptor

gene (EGFR) have recently been found in nonsmall-cell lung
cancer (NSCLC)."'” These mutations tend to cluster in the tyrosine
kinase domain (TKD) of the gene. The potential impact of EGFR
mutations in NSCLC has attracted substantial attention from
researchers and clinicians because the presence of mutations may
critically influence the effects of tyrosine kinase inhibitors (TKIs),
such as gefitinib and erlotinib, against lung cancer. Numerous stu-
dies have suggested that gefitinib is more effective against tumors
harboring EGFR mutations than against tumors without such

Published onfine 19 January 2007 in Wiley InterScience (www.interscience.'wiley.com).
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TABLE 1
Frequency of EGFR TKD Mutations in NSCLC
AD 5Q : 1A ADSQ Others
MUT N MUT N MUT N MUT N MUT N Authors
15 (21%) 70 - - - — — - 1(2%) 49 Paez et al.
37 (17%) 213 — - - - - - 9 (5%) 178 Bell etal.
114 (35%) 289 - — - - — - 6 (3%) 230 Shigematsu et al
36 (46%) 7 - - — C—- — - 2 (3%) 17 Suzuld et al.
23 (26%) 88 0 (0%) 25 - - - - - — Pao etal.
39 (57%) 69 0 (0%) 24 - - - - 1(13%) 8 Huang et al.
29 (67%) 43 4 (40%) 10 — - - - 0 (0%) 1 Chou et al.
14 (22%) 65 1 (5%) 21 - — — - 2 (50%) 4 Han et al.
115 (54%) 215 0 (0%) 15 - - — - 1(9%) 11 Tam et al.
12 (21%) 58 1 (5%) 21 0 (0%) 1 - — 2 (22%) 9 Cappuzzo et al.
60 (56%) 108 0 (0%) 31 0 (0%) 9 -— - 0 (0%) 6 Sonobe et al
39 (10%) 375 0 (0%) 454 0 (0%) 3 - - - - Marchetti et al.
37 (45%) 82 0 (0%) 35 0 (0%) 2 1 (100%) 1 — — Tokumo et al.
29 (40%) 72 0 (0%) 45 0 (0%) 2 0 (0%) 1 - - Tomizawa et al.
110 (49%) 224 0 (0%) 35 0 (0%) 9 1 (20%) 5 0 (0%) 4 Kosaka et al.
136 (42%) 224 0 (0%) 102 1 (4%) 27 0 (0%) 1 1 (25%) 4 Sugio et al.

AD indicates adenocarcinoma; NSCLC, nonsmail-cell lung cancer; SQ, squamous cell carcinoma; LA, large cell carcinoma; ADSQ, adenosquameus carcinoma; MUT, number of cases with EGFR TKD mutations.

TABLE 2
Frequency of EGFRvIII in NSCLC
AD SQ LA ADSQ Others
MUT N MUT N MUT N MUT N MUT N Authors
0 (0%) 10 2 (15%) 13 - - 2 (100%) 2 1 (14%) 7 Garcia de Palazzo et al
0 (0%} 26 0 (0%) 32 0 (0%) 7 — - — - Jungbluth et al.
19 (41%) 46 10 (42%) 24 1 (17%) 6 — - - - Okamoto et al.
0 (0%) 123 3 (5%) 56 — - —_ - — - Jietal

AD indicates adenocarcinome; NSCLC, nonsmall-cell lung cancer; SQ, squamous cell carcinoma; 1A, large cell carcinoma; ADSQ, adenosquamous carcinoma; MUT, number of cases with EGFRvII.

mutations, and similar results have been reported for
erlotinib, although these hypotheses have yet to be
confirmed in randomized controlled studies.'>**!
These types of mutations are widely recognized as
occurring more frequently in adenocarcinomas than
in tumors of other histology.>™’ The frequency of
EGFR TKD mutations in NSCLC except for adenocarci-
noma is reported to be generally low (Table 1). These
results lead clinicians to refrain from using gefitinib on
patients with nonadenocarcinoma NSCLC. However, a
subset of nonadenocarcinoma NSCLCs has been
reported as harboring EGFR mutations in several stu-
dies.2 5711141617 These findings prompted us to
investigate whether nonadenocarcinoma NSCLCs with
EGFR mutations display any specific clinical features.
Deletion of exons 2-7 in EGFR gene (EGFRVIID,
which is often found in glioblas.toma,18 has also been
identified in a subset of NSCLC patients, although the

frequency of this mutation appears to vary (Table 2).19%

EGFRVIII is also a possible target of TKIs, and revealing
the presence of EGFRVIII mutation in NSCLC is thus
considered clinically relevant.??2 However, EGFRVIII
has not been investigated in NSCLC as intensively as
EGFR TKD mutations. We previously reported that,
similar to patients in Western countries; EGFRVIII is
very rare in lung adenocarcinoma among Japanese.”
The present study also investigated EGFRVIII in nona-
denocarcinoma NSCLC to elucidate whether EGFRVIII
has any contribution to tumorigenesis for this type of
lung cancer.

Furthermore, overexpression of epidermal growth
factor receptor (EGFR) has also been shown to be
related to EGFR mutations® and susceptibility to
TKJs in NSCLC.!' We therefore investigated EGFR
expression in these samples to explore whether this
has any impact on nonadenocarcinoma NSCLC.



Overall, this study was intended to reveal whether
nonadenocarcinoma NSCLCs contain EGFR abnorm-
alities and can thus be possible targets of molecular
therapy. We demonstrate herein that EGFR TKD muta-
tions are not rare in NSCLCs with an adenocarcinoma
component and EGFRVIII can be found in patients
with large-cell carcinoma.

MATERIALS AND METHODS

Patients

A total of 96 consecutive Japanese patients with NSCLC
underwent surgery in the Department of Thoracic Sur-
gery at Kyorin University Hospital between May 2001
and March 2003. Postoperative diagnoses were made
by trained pathologists. Patients diagnosed with squa-
mous-cell carcinoma, adenosquamous carcinoma, 0r
large-cell carcinoma were enrolled for further analysis.
Pathological diagnosis was based on the criteria of the
World Health Organization classification system.>*
Briefly, squamous-cell carcinoma comprises tumors
with <10% adenocarcinoma component. In particular,
squamous-cell carcinoma without a detectable adeno-
carcinoma component was termed ‘pure squamous-
cell carcinoma’ in this study. Adenosquamous carci-
noma comprises tumors with a 10% to 90% adenocar-
cinoma component. Adenocarcinoma comprises
tumors with a >90% adenocarcinoma component, and
patients with this diagnosis were excluded from the
present study. After surgery, some patients underwent
chemotherapy and/or radiotherapy with various regi-
mens, including gefitinib therapy in 5 patients with re-
currence. Written informed consent to analyze tissue
DNA, RNA, and protein was obtained from each
patient before operation. Results of molecular analyses
on these patients have not previously been reported.

Patient Data

Clinical data were obtained from in- and outpatient
medical records. The following criteria were used to
classify smoking status: never smoker, patients who
had smoked <100 cigarettes in their lifetime; former
smoker, patients who had stopped smoking >12
months before diagnosis; and current smoker.

Cell Lines and Clinical Samples

Lung squamous-cell carcinoma cell lines EBC-1, LK2,
and Sq-1 and large-cell carcinoma cell lines 86-2 and
Lu99 were obtained from the Cell Resource Center
for Biomedical Research, Tohoku University (Sendai,
Japan). Squamous-cell carcinoma cell line RERF-LC-
Al was purchased from Riken Bioresource Center
(Tsukuba, Japan). Lung adenocarcinoma cell lines
NCI-H1650 and H1975, which have been reported to
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show delE746-A750 and L858R, respectively, were
purchased from the American Type Culture Collec-
tion (Manassas, VA) and used as positive controls for
EGFR TKD mutations.”® The glioblastoma cell line
U87MGAEGFRSH, which has been reported to show
EGFRVIII, was kindly donated by Professor Webster
K. Cavenee (Ludwig Institute for Cancer Research,
San Diego) and was used as a positive control for
EGFRVIII mutation.?® Tumor samples and visually
normal lung tissues distant from the tumor were im-
mediately frozen after resection and preserved at
—80°C. Visually normal lung tissues were confirmed
as containing no tumor component on pathological
examination. DNA, RNA, and protein were extracted
from these samples and cell lines according to meth-
ods previously described.®

Direct Sequencing of EGFR TKD

Mutations of EGFR in lung cancer cluster within
exons 18-21, a main portion of TKD.'? Direct
sequencing analysis of EGFR from exons 18-21 using
genomic DNA was therefore performed, as previously
reported,® for all NSCLC samples, including the 8
NSCLC cell lines.

EGFR TKD Mutation-Specific PCR

Lung cancer samples are frequently intermingled
with large amounts of normal tissue. In addition,
several NSCLC cell lines tested herein reportedly har-
bor an L858R mutation in only a minor population
of cells (1%-10%). The sensitivity of sequencing anal-
ysis, which usually needs >30% mutant DNA, was
thus insufficient to detect mutations in such con-
taminated tumor samples. A mutation-specific poly-
merase chain reaction (PCR) method that we
previously developed was thus used to detect the
major EGFR TKD mutations with high sensitivity.
This method can simultaneously -detect delE746-
A750 and L858R, which together account for approxi-
mately 70% of EGFR TKD mutations, with a low per-
centage of mutant DNA (2.5% for delE746-A750 and
0.25% for 1858R) being detectable. The precise
method has been described elsewhere?” In brief,
PCR was performed with 100 ng of extracted DNA
and primers specific for delE746-A750 and L858R
were added together with the PCR mix. PCR condi-
tions were as follows: 95°C for 5 minutes; then
45 cycles of 95°C for 30 seconds, 56°C for 30 seconds,
and 72°C for 30 seconds; followed by a final 10 min-
utes at 72°C. Consequently, a 153-bp band and a
104-bp band are detected in samples containing
delE746-A750 and L858R, respectively. For the detec-
tion of delT751-K758, we set up PCR amplifying the
area of DNA including this deletion. This PCR can
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clearly discriminate a short form of DNA with this
deletion (241 bp) from germline DNA (265 bp).

Analysis of EGFRvIII

EGFRVIII is generated by total deletion of exons 2-7
(801 bp) in the extracellular domain of the EGFR
gene. Reverse transcriptase PCR (RT-PCR) is report-
edly useful in detecting this deletion in glioblas-
toma,'® and was thus used in this study. For
detecting the 801-bp deletion, tumor cDNA and pri-
mers were subjected to 40 cycles of PCR amplifica-
tion. PCR primers used were as follows: sense, 5'-
GTA TTG ATC GGG AGA GCC G-3'; antisense, 5'-GTG
GAG ATC GCC ACT GAT G-3'.% In addition, direct
sequencing was used to confirm the presence of
EGFRVIII in samples showing positive results accord-
ing to RT-PCR. The sense primer for RT-PCR was also
used as a primer for sequencing analysis.

Western Blotting

Western blotting was used to analyze expression of
EGFR protein rather than immunohistochemistry, as
the results of the latter method are considered less
quantitative and reproducible than the former.”® For
EGFR Western blotting analysis, 100 ug of tumor or
normal lung protein was used. Protein samples were
subjected to Western blotting analyses using anti-
EGFR polyclonal antibody (Santa Cruz Biologicals,
Santa Cruz, CA) according to the manufacturer’s
instructions. The level of expression in each tumor
was determined as follows: (0), very weak or no
EGEFR band (170 kD), similar to normal lung; (1), eas-
ily visible band; and (2), very strong band similar to
levels of B-actin. An EGFR expression level of 1 or 2
was defined as indicating EGFR overexpression.”®

Micredissection

To elucidate which component includes EGFR TKD
mutations in tumors containing both adenocarci-
noma and squamous-cell carcinoma components,
separate mutational analysis of each component was
performed using microdissection techniques. For ad-
enosquamous carcinomas and squamous-cell carci-
nomas with an adenocarcinoma component, a
trained expert pathologist performed laser capture
microdissection using LM200 (Arcturus, Mountain
View, CA) and manual microdissection of both squa-
mous-cell carcinoma and adenocarcinoma compo-
nent on 8 pm-thick hematoxylin and eosin (H&E)-
stained, formalin-fixed, paraffin-embedded histology
sections. DNA was extracted from each microdis-
sected tissue by incubation with proteinase K
(200 pg/mL) for 24 hours at 37°C, and EGFR TKD
mutation-specific PCR was performed using DNA

extracted from both squamous-cell carcinoma and
adenocarcinoma components. ’

Statistical Analysis
The significance of differences in categorical data
was tested using the y? test or Fisher exact test.

RESULTS

Patient Characteristics

Postoperative pathological examinations revealed 42
nonadenocarcinoma NSCLCs (31 squamous-cell car-
cinomas, 7 large-cell carcinomas, and 4 adenosqua-
mous carcinomas) among 96 NSCLC tumors. The 31
squamous-cell carcinomas comprised 24 pure squa-
mous-cell carcinomas (77%) and 7 squamous-cell
carcinomas with an adenocarcinoma component
(23%). Patient characteristics in the present study are
summarized in Table 3. Patients comprised 39 men

'93%) and 3 women (7%) with a median age of 73

years (range, 40-84 years), and 30 current smokers
(71%), 8 former smokers (19%), and 4 never smokers
(10%).

EGFR Mutations in Cell Lines

Sequencing analysis revealed delE746-A750 muta-
tion in H1650 and L858R mutation in H1975, as pre-
viously reported.*® In contrast, no squamous-cell
carcinoma cell lines or large-cell carcinoma cell
lines displayed EGFR TKD mutations even according
to mutation-specific PCR (data not shown). The ab-
sence of L858R mutations in squamous-cell carcino-
mas tested in the present study (LK2, EBC-1, Sqg-1,
and RERF-LC-AI) was inconsistent with the previous
study demonstrating that these lines harbor the
L858R mutation in various proportions of cells (LK2,
1%; EBC-1 and Sq-1, 10%; RERF-LC-Al, 100%).?° RT-
PCR and direct sequencing revealed the EGFRVIII
mutation only in the U87MGAEGFRSH glioblas-
toma cell line, but not in any lung cancer cell lines
(Fig. 1).

EGFR TKD Mutations in Patient Samples

EGFR mutations in TKD found in patient samples in
this study are summarized in Table 3. Mutations
within exons 18-21 were found in 1 of 31 squamous-
cell carcinomas {(3%; including 7 squamous-cell car-
cinomas with an adenocarcinoma component), and
in 2 of 4 adenosquamous carcinomas by direct
sequencing. No cryptic mutations were detected by
mutation-specific PCR in tumor samples negative
for mutations by direct sequencing. Case 33 had
both delT751-K758 and I759N mutations, although
the biological significance of the latter mutation is
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TABLE 3
Characteristics and EGFR Abnormalities of Patients

Adenocarcinoma  EGFR EGFR Postoperative  Gefitinib
Case Age Sex Smoking  Histology Differentiation ~ component mutation expression  recurrence response  Prognosis
1 59 M C60 SQ mod 2 A
2 70 M C76.5 SQ well 1 A
3 78 M F63 SQ mod 2 yes U
4 80 M C120 SQ mod 1 yes U
5 55 M 30 SQ well 0 yes D
6 6l F C30 SQ mod 0 yes D
7 61 M G50 SQ mod 1 A
8 52 M Cl100 SQ mod 2 U
9 75 M C100 SQ 2 yes D
10 74 M C40 SQ poor 2 yes PD D
11 el M C90 SQ 2 A
12 6 M N sQ well 0 D
13 69 M C8o0 SQ 1 D
14 68 M F15 SQ mod 1 A
15 74 M Cs5 SQ mod 2 A
16 70 M C75 SQ mod 1 yes PD D
17 75 M C50 SQ mod 2 A
18 74 M C50 SQ mod 2 U
18 77 M F159 SQ poor 2 yes D
20 69 M C40 SQ mod 2 yes D
21 72 M F30 SQ poor 1 yes A
22 74 M Cs0 SQ poor 2 A
23 63 M C378 SQ poor 1 A
24 81 M C25.2 SQ mod 0 A
25 67 M F108 5Q poor yes L858R 2 yes NE D
26 73 M C50 SQ poor yes 1 yes U
27 54 M C30 SQ mod yes 2 A
28 66 M C62.5 SQ mod yes 2 A
29 74 M F715 SQ well yes 1 yes D
30 73 M N SQ yes 0 yes A
31 84 M C473 SQ poor yes 0 yes D
32 79 M F50 ADSQ well yes dell | 1 yes U
3 74 F N ADSQ well yes del6and 175N 0 A
34 I M C ADSQ poor yes 2 U
35 73 M C100 ADSQ yes 2 yes D
36 44 M C435 LA EGFRvIII 2 D
37 83 F F20.5 LA 2 yes D
38 82 F N 1A 2 A
39 0 M 2 LA 1 yes NE U
40 54 M C525 LA 1 yes PD A
41 47 M C50.5 LA 2 U
42 61 M C30 LA 2 yes D

M indicates male; E female; C, current smoker; E former smoker; N, never smoker; Number, pack-yeas smoking; SQ, squamous cell carcinoma; ADSQ, adenosquamous carcinoma; LA, large cell carcinoma; well,
well differentiated; mod, moderately differentiated; poor, poorly differentiated; L858R, nt. 2819T>G; del 1, del E746-A750, del nt. 2481-2495; del 6, del T751-K758,del nt. 2496-2519; I753N, nt. 25224>T, EGFRvII,

deletion of exans 2-7; PD, progressive disease; NE, not evaluable; A, alive; D, dead; U, unknown.

considered unclear. Interestingly, the sole case of
squamous-cell carcinoma with TKD mutation dis-
played an adenocarcinoma component. These find-
ings indicate that all mutated cases were tumors
with an adenocarcinoma component, and none of
the 24 ‘pure squamous-cell carcinoma,’” cases
showed TKD mutation (Table 3). When the squa-
mous-cell carcinoma with an adenocarcinoma com-

ponent and adenosquamous carcinoma were
combined, 3 of 11 such cases (27%) were shown to
have TKD mutations. The difference in frequency
of TKD mutations between tumors with or with-
out an adenocarcinoma component was significant
(P =.007). No large-cell carcinomas contained an
adenocarcinoma component or displayed TKD muta-
tions. In addition, no significant correlations between
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FIGURE 1. EGFRvill mulation. (A) Results of reverse-transcriptase polymerase chain reaction (RT-PCR) for detecting EGFRvIll. The UB7MGAEGFRSH glioblas-
toma cell line showed a short 352-bp band, indicating the presence of EGFRvIIl. One large cell carcinoma sample (Case 36) showed a weak 352-bp band to-
gether with wildtype allele. (B) Direct sequencing (sense direction) of EGFRvIll in US7MGAEGFRSH. Mutant allele is dominant. (C) Direct sequencing (sense

direction) of EGFRvINl in Case 36. Low signals for mutant DNA are visible.

EGFR TKD mutations and clinical features such as
patient age (P =.256), gender (P =.145), and smok-
ing status (P =.145) were identified.

Microdissection

Microdissection analysis was performed on 3 sam-
ples (2 adenosquamous carcinomas and 1 squa-
mous-cell carcinoma with an adenocarcinoma com-
ponent) with EGFR TKD mutations. By performing
mutation-specific PCR separately for both squamous

and adenocarcinoma components, mutations were
detected in both components in all 3 cases (Fig. 2).

EGFRvIIl in Patient Samples

RT-PCR of the EGFR extracellular domain in 42 sam-
ples revealed that only 1 case of large-cell carcinoma
displayed a short 352-bp band indicating EGFRVIII
mutation (Table 3). Direct sequencing revealed that
this case included a minor population of EGFRVIII
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FIGURE 2. Resuits of microdissection and mutation-specific polymerase chain reaction (PCR). (A-C) Histological presentation of microdissection in 3 cases
with EGFR mutations. Left: Pictures representing both squamous-cell carcinoma and adenocarcinoma componerits. 8Q: squamous-cell carcinoma component,
AD: adenocarcinoma component. Right: Upper and lower pictures show microdissected adenocarcinoma and squamous-cell carcinoma components, respectively.
(D) Mutation-specific PCR for delE748-A750 and L858R in microdissected tissues. A 153-bp band indicating delE746-A750 is present in both squamous-cell
carcinoma and adenocarcinoma components in Case 32. A 104-bp band indicating L858R is present in both components in Case 25. H1650: Positive control
for delE746-A750; H1975: Positive control for L858R. (E) PCR detection of delT751-K758 in Case 33. A 241-bp band indicating delT751-K758 is present in both

squamous and adenocarcinoma components in this case. H1975: Negative control for delT751-K758 showing a wildtype 265-bp band.

(Fig. 1B,C). This case also showed a normal 1153-bp
band in addition to a 352-bp band.

EGFR Expression in Patient Samples
EGFR overexpression was present in 25 of the 31 squa-

mous-cell carcinomas (81%), 3 of 4 adenosquamous

carcinomas (75%), and 7 of 7 large-cell carcinomas
(100%) (Fig. 3, Table 3). EGFR TKD mutations were
identified in 3 of the 35 samples with EGFR overexpres-
sion (9%) and 1 of 7 samples without overexpression
(14%). No significant correlation was noted between
EGFR overexpression and mutation (P = A421).

DISCUSSION

This study analyzed EGFR gene mutations in detail in
nonadenocarcinoma NSCLCs. Most strikingly, EGFR
TKD mutations were found exclusively in tumors with

an adenocarcinoma component, including adenosqua-
mous carcinomas. Although many studies have
reported that EGFR TKD mutations are exceptional in
squamous-cell carcinoma, ouxr results suggest that
these mutations are not very rare in squamous-cell
carcinoma with an adenocarcinoma component and
adenosquamous carcinoma. Whereas no reliable data
appear to be available regarding the frequency of
squamous-cell carcinomas with an adenocarcinoma
component, adenosquamous-cell carcinoma report-
edly comprises 3% of all NSCLCs.*® Our results sug-
gest that a substantial portion of nonadenocarcinoma
NSCLCs may harbor an EGFR mutation, and thorough
histologic investigation to identify an adenocarcinoma
component or genetic analyses to identify EGFR muta-
tions are warranted for squamous-cell carcinomas.
Previous studies investigating EGFR mutations
have not precisely described whether the squa-
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FIGURE 3. Analysis of epidermal growth factor receptor (EGFR) protein expression by Westem blotting, EGFR protein expression was classified into 3 levels:

(2), (1), and (0). Three representative samples (each corresponding to expressio
senting expression leve! (0) and the cell line H1650 representing level (2) are s

shown below.

mous-cell carcinomas analyzed included an adeno-
carcinoma component, and many have even failed
to separately analyze adenosquamous carcinomas.
Actually, concordant with our results, studies discri-
minating adenosquamous carcinomas from squa-
mous-cell carcinomas have uniformly shown that
only the former type of tumors harbor muta-
tions.'*'® In the present study, microdissection
analysis was performed to explore whether these
mutations are restricted to an adenocarcinoma
component. Consistent with the previous report,®
EGFR TKD mutations were found in both adenocar-
cinoma and squamous-cell carcinoma components.
These findings may suggest that squamous-cell car-
cinomas with an adenocarcinoma component are
intrinsically different from pure squamous-cell car-
cinomas, and that an EGFR TKD mutation might
have occurred in common progenitor cells destined
to become both cell types in these tumors. How-
ever, the possibility remains that these findings are
simply the result of artifacts due to contamination
between the 2 cell types during analyses. Further
studies are required to investigate biological differ-
ences between pure squamous-cell carcinomas and
squamous-cell carcinomas with an adenocarcinoma
component.

In addition to implications in tumorigenic
mechanisms of EGFR TKD mutations, these results
are also clinically important because patients with
EGFR TKD mutations may be susceptible to TXI
treatment. To date, no studies have precisely ana-
lyzed gefitinib sensitivity for squamous-cell carci-
noma with an adenocarcinoma component. Similar
to adenocarcinomas with mutations, the squamous-
cell carcinoma component of these types of tumors
with mutations may be susceptible to gefitinib ther-
apy regardless of histology. Because of the small
number of patients treated using gefitinib in this
cohort, the efficacy of gefitinib could not be analyzed

n level (2), (1), and (0), respectively) together with a normal lung sample repre-
hown on the same blot. Expression of B-actin of the coresponding samples is

in our patients. Future studies with large subject
populations will clarify this issue.

RT-PCR analysis of the extracellular domain of
EGFR revealed that, similar to adenocarcinomas ana-
lyzed previously,” EGFRVIII is very rare in nonade-
nocarcinoma NSCLCs. In contrast, several reports
have demonstrated that as much as 32% of NSCLCs,
irrespective of histology, show this type of muta-
tion.}®2! This discrepancy may be attributable to the
methods applied to detect EGFRVIIL The quality of
antibody might influence rates of this mutation in
previous studies using immunohistochemistry with
EGFRVIII antibody. Most recently, a study investigat-
ing EGFRVIII in a large number of patients using RT-
PCR has shown that, consistent with our results, this
mutation is very rare in NSCLCs and found only in
nonadenocarcinomas. These findings indicate that
EGFRVIII contributes to tumor development in only
a minor subset of NSCLCs.

In addition to EGFR mutations, we also analyzed
EGFR protein expression in nonadenocarcinoma
NSCLCs using Western blotting. EGFR protein over-
expression was found in 35 of 42 nonadenocarci-
noma NSCLCs (83%). Patients in our cohort thus
showed a higher frequency of EGFR protein overex- .
pression than those in a previous meta-analysis,*®
which may be because of differences in ethnicity.
Whereas we have previously reported that EGFR
overexpression is strongly correlated with TKD muta-
tions in adenocarcinomas,® no such correlation was
demonstrated in the present study for nonadenocar-
cinoma NSCLCs. This may be explained by differ-
ences in the histology of the tumors, although a
definitive conclusion cannot be reached because of
the small number of patients with TKD mutations in
the present study. One recent report suggests that
EGFR protein overexpression contributes more
strongly to TKI susceptibility than EGFR TKD muta-
tions.!! Although gefitinib has failed to show clinical



efficacy in nonadenocarcinoma NSCLC patients,®
other TKIs such as erlotinib or anti-EGFR antibody
drugs may prove beneficial for tumors with EGFR
overexpression.

In conclusion, we clarified that a subset of nona-

denocarcinoma NSCLCs contains EGFR mutations.

In

particular, EGFR TKD mutations are not rare

events in NSCLCs with an adenocarcinoma compo-
nent. These molecular abnormalities will not only
provide insights into the tumorigenesis and oncolo-
gic properties of these tumors, but will also render
them possible targets for molecular therapies.
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ORIGINAL ARTICLE

A Simple and Sensitive Method for Detecting Major
Mutations Within the Tyrosine Kinase Domain of the
Epidermal Growth Factor Receptor Gene in Non-small-cell
Lung Carcinoma

Hiroaki Ohnishi, MD, PhD,* Kouki Ohtsuka, MD,} Akiko Ooide* Satsuki Matsushima,*
Tomoyuki Goya, MD, PhD,t and Takashi Watanabe, MD, PhD*

Abstract: The detection of mutations in the epidermal growth
factor receptor (EGFR) gene impacts therapeutic decision-
making for non-small-cell lung carcinoma (NSCLC). Although
direct sequencing has been most frequently used to detect EGFR
mutations, this method displays several disadvantages. We set
up simple mutation-specific polymerase chain reaction (PCR)
for common delE746-A750 and L858R mutations of EGFR
using primers specific to these mutations. Both mutation-specific
PCR and direct sequencing methods were used to investigate 62
samples of NSCLC, and the results were compared. To evaluate
the sensitivity of mutation-specific PCR, DNA mixtures
containing various proportions of mutant alleles were analyzed.
Mutation-specific PCR revealed delE746-A750 in 8 samples and
L858R in 14 samples. All samples with either delE746-A750 or
L858R mutation revealed by direct sequencing also displayed
positive results for mutation-specific PCR. Conversely, muta-
tions in 3 samples revealed by L858R-specific PCR were barely
detectable by direct sequencing. In DNA mixture analysis, DNA
mixtures containing 2.5% of delE746-A750 allele or 0.25% of
L858R allele yielded positive results with mutation-specific
PCR. Our mutation-specific PCR showed satisfactory sensitivity
and reliability for detecting major EGFR mutations in clinical
NSCLC samples. Given the practical availability, this method
could be widely applicable to the treatment of lung cancers.

Key Words: EGFR, mutation, PCR, lung cancer, methodology
(Diagn Mol Pathol 2006;15:101-108)

ung cancer represents a major challenge for public
health all over the world, particularly in developed
countries,!’? where lung cancer is a primary cause of death
in the elderly. The establishment of effective therapeutic
modalities is thus required for the treatment of lung
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cancer. However, chemotherapy for lung cancer remains
relatively unsatisfactory, especially for non-small-cell
lung carcinoma (NSCLC).?

Recently, various mutations within the epidermal
growth factor receptor (EGFR) gene have been found in
NSCLC.*** These mutations tend to cluster in the tyrosine
kinase (TK) domain of the gene, and previous studies have
demonstrated that some mutations cause alterations in the
function of this gene.*>!® The potential impact of EGFR
mutations in NSCLC has attracted substantial attention
from researchers and clinicians, because the presence of
mutations may critically influence the effects of TK
inhibitor (TKI) drugs against lung cancer. Gefitinib and
erlotinib, as specific inhibitors of EGFR, are among the
drugs for which effects may be altered. Numerous studies
have suggested that gefitinib is more effective against
tumors harboring EGFR mutations than against tumors
without such mutations,*®!*!* and similar findings have
been reported for erlotinib,® although the hypothesis has
yet to be confirmed in randomized controlled studies.
EGFR mutations are widely recognized as occurring more
frequently in female patients, nonsmokers, patients with
tumors of adenocarcinomatous histology, and Asian
populations. Interestingly enough, patients with these
features are known to comprise a group susceptible to
gefitinib therapy.®'* Given these findings, testing for
EGFR mutations in lung cancer seems desirable.

Many previous studies have utilized direct sequen-
cing to detect EGFR mutations, but this method has
several disadvantages with regard to clinical use. The
most notable of these is a low detection rate when clinical
samples are used, presumably because of the presence of
high rates of contaminating normal and fibrous tissues in
tumor samples. Contaminating wild-type DNA interferes
with accurate sequence analysis. In addition, sequence
analysis is usually both time consuming and relatively
expensive. An easy and reliable method for detecting
EGFR mutations has thus been awaited for clinical use.

Herein we report a simple and sensitive polymerase
chain reaction (PCR)-based method to detect the two
most common mutations of the EGFR TK domain, and
demonstrate the usefulness of this method for detecting
such mutations in clinical lung tumor samples.
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MATERIALS AND METHODS

Samples

Previous studies have shown that lung cancer cell
line NCI-H1650 carries a 15-bp deletion comprising
nucleotides 2481-2495 (delE746-A750), whereas NCI-
H1975 includes a T > G point mutation at nucleotide
2819 (L858R).15 Both cell lines were purchased
from American Type Culture Collection (Manassas,
VA) and used as positive controls for these mutations.
Negative controls comprised 50 peripheral blood samples
taken from healthy donors. Clinical samples comprised
62 tumor samples that had been resected from lung
cancer patients at the time of operation and immediately
frozen at —80C. Written informed consent for
DNA analysis was obtained before collecting samples
from each individual. Histopathologic diagnosis for

these tumors included adenocarcinoma (n = 54),
squamous cell carcinoma (n = 5), large-cell carcinoma
(n=2), and adenosquamous carcinoma m=1).

DNA was extracted from samples using a DNeasy
kit (Qiagen, Valencia, CA) according to the instructions
of the manufacturer. DNA quality was confirmed
by PCR of EGFR exon 19 using primers 1984 and
19AS4 (Table 1). Only those DNA products producing a
positive band were used for further analyses (data not
shown).

Direct Sequence Analysis

Mutations of EGFR in lung cancer cluster within
exons 18 to 21, and >90% of previously reported
mutations reside on exoms 19 and 21. We therefore
performed direct sequence analysis of EGFR exons 19 and
21 for all samples, including the 2 positive-control cell
lines. Sample DNA (100 ng) was amplified by PCR under
identical conditions to mutation-specific PCR (see below).
Amplified DNA was purified using a Qiaquick DNA
purification kit (QIAGEN), and then 10ng of PCR
products was applied for the sequencing reaction using a
BigDye Terminator Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA). The resulting product
was further purified using Centri-Sep spin columns
(Princeton Separations, Adelphia, NJ) to be ready for
analysis. Sequencing analysis was performed using an
ABI Prism 3100-Avant genetic analyzer (Applied Biosys-
tems) according to the protocols of the manufacturer.
Primers used for sequence analysis are summarized in
Table 1.

Mutation-specific PCR

Except for a few rare cases, mutations within exons
19 and 21 can be classified as either a deletion mutation of
9 to 24 bp involving nucleotides 2484-2495 within exon 19
or a T > G point mutation of nucleotide 2819 within exon
21. In the present study, specific PCR primers capable of
detecting these mutations were designed. For deletion in
exon 19, deletion-specific antisense primer 19ASD1 was
designed (Table 2, Fig. 1A). This primer was designed to
anneal only to the genome in the presence of a deletion of
nucleotides 2481-2495 causing delE746-A750, by con-
necting both ends outside of the deleted sequence. PCR
using this primer is referred to as “delE746-A750-specific
PCR”. For the T > G point mutation of nucleotide 2819
causing the L858R amino acid change, a mutation-
specific sense primer 21SM1 was designed (Table 2, Fig.
1B). PCR using this primer is referred to as “L858R-
specific PCR”. Other PCR primers used are also
described in Table 2.

Each 30-pL aliquot of PCR reaction mix contained
3pL of 10 PCR buffer (Applied Biosystems), 6 nmol each
of the 4 dNTPs, 50 nmol of Mg®", 40 pmol each of sense
and antisense primers, 1 U of Taq polymerase (Applied
Biosystems), and 100 ng of sample DNA. PCR conditions
were as follows: 95°C for 5 minutes, then 32 cycles of
95°C for 30 seconds, 56°C for 30 seconds and 72°C for 30
seconds; followed by a final 10 minutes at 72°C. PCR
products were electrophoresed in 2% agarose gel contain-
ing 1 pL of ethydium bromide, and visualized under UVv.
Each experiment was performed in triplicate.

To further explore a more convenient application of
this technique, “dual-specific PCR” was attempted. This
process was intended to detect both delE746-A750 and
L858R in one reaction by mixing the 2 sets of primers
(20 pmol each) in a single PCR reaction mix.

DNA Mixture Analysis

DNA mixture analysis was performed to investigate
the limits of detection of mutation-specific PCR technique
using samples containing low levels of mutant DNA.
Because we have confirmed by sequence analysis that cell
lines H1650 and H1975 contain both mutant and wild-
type alleles (Fig. 2), these cell lines were assumed to
comprise 50% mutant alleles and 50% wild-type alleles.
Conversely, normal peripheral blood samples were
considered to have 100% wild-type alleles. Mixing equal
amounts of DNA from these cell lines and normal
samples would thus result in 25% mutant alleles and 75%

TABLE 1. Primers for Sequence Analysis

Exon 19 Exon 21

Primers for PCR

Sense 1954 5-TGCATCGCTGGTAACAT-3 2183 5-TGGTCAGCAGCGGGTTACATCTTC-¥

Antisense 19AS4 5-AGCTGCCAGACATGAGAA-Y 21AS3 5-CAATACAGCTAGTGGGAAGGCAGC-¥
Primers for sequence reaction

Sense 1985 5-ACCATCTCACAATTGCCAG-¥ 2154 5-CTTTGGATCAGTAGTC-¥

Antisense 19ASS 5-TGAGGTTCAGAGCCAT-¥ 21A84 5-CTGGCTGACCTAAAGC-¥
102 © 2006 Lippincott Williams & Wilkins
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TABLE 2. Primers for Mutation-specific PCR

Primer Sequence Expected Band Size (bp)

DelE746-A750-specific PCR :
Sense 1984

Antisense 19ASD1
L858R-specific PCR

Sense 218M1

Antisense 21AS84

5-TGCATCGCTGGTAACAT-3 133
5-CGGAGATGTTTTGATAGCG-¥

5'-ATGTCAAGATCACAGATTTTGGGCG-3' 104
5'-CTGGCTGACCTAAAGC-¥

wild-type DNA alleles. In a similar manner, DNA
samples obtained from mutant cell lines and normal
peripheral blood were mixed in various proportions to
form DNA mixtures containing 50%, 25%, 10%, 5%,
2.5%, 1%, 0.5%, 0.25%, and 0.1% mutant alleles.
Mutation-specific PCR was subsequently performed
using 100-ng samples of these DNA mixtures, to identify
the extent to which a low percentage of mutant alleles can
be detected using this method.

RESULTS

Mutations of EGFR in Lung Cancer Cell Lines

Sequence analysis confirmed that H1650 carries the
deletion of nucleotides 2481-2495 and H1975 carries the
T > G point mutation of nucleotide 2819, as expected
(Fig. 2). In addition, both cell lines were shown to include
wild-type sequences at the same time, indicating that these
mutations are heterozygous. '

Direct Sequence Analysis

Sequence analysis revealed deletions within exon 19
in 12 of the 62 NSCLC samples. The types of deletion
varied, but 8 of the 12 were of delE746-A750 type, which

was also common in previous studies (Table 3). DelE746-
A750 included 2 types of deletion: deletion from 2481G to
2495C (19del-typel) and deletion from 2482G to 2496A
(19del-type2). Sequence analysis of exon 21 showed that
11 of the 62 NSCLC samples contained the L858R
mutation, showing the T > G point mutation at nucleo-
tide 2819. '

All samples with sequence mutations in this study
also showed concurrent wild-type sequences. This was
attributed to heterozygous mutation, but this was difficult
to distinguish from homozygous mutation in the presence
of large numbers of contaminating normal cells. Most
samples with mutation displayed adenocarcinomatous
histology (21 of 23 mutant samples), but 2 non-
adenocarcinomatous NSCLCs showed mutation of either
exon 19 or exon 21.

Mutation-specific PCR

DelE746-A750-specific PCR

To detect deletions in cell line H1650, delE746-
A750-specific PCR was performed using primers 19ASD1
and 19S4. H1650 includes a deletion from 2481G to
2495C (19del-typel), generating a sequence exactly

A Dt 2495---------s-rewreeeee 2481
Wild type 5 TTGGCTTTCGGAGATGTTGCTTCTCTTAATTCCTTGATAGCGACGGGA -3

19del-typel
Primer 19ASD1

19del-type2
B

Wild Type
L858R

Primer 21SM1

5- TTGGCTTTCGGAGATGTTTTGATAGCGACGGGA -3’
5'- CGGAGATGTTTTGATAGCG -3
5- TTGGCTTTCGGAGATGTCTTGATAGCGACGGGA -3

nt 2819

5 CAGCATGTCAAGATCACAGATTTTGGGCIGGCCAAACTG -3
5- CAGCATGTCAAGATCACAGATTTTGGGCG GGCCAAACTG -3
5'- ATGTCAAGATCACAGATTTTGGGCG -3

FIGURE 1. Scheme of mutation-specific primers. A, Primer 19ASD1 for delE746-A750-specific PCR, comprising nucleotides
homologous to 2472-2480 and 2496-2505 (2481-2495 is deleted). Sequences for 19del-typel and 19del-type2 are also shown.
Note that the 19del-type2 sequence differs from the 19ASD sequence by 1bp (underlined). All sequences are described in the
reverse direction. B, Primer 215SM1 for L858R-specific PCR, comprising nucleotides homologous to nucleotides 2796-2819 of the

mutant allele.

© 2006 Lippincott Williams & Wilkins
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A Gec TTTCC—E IGATGTTTTCATAGCGECGGE 2ATTTIA B :ccCiGC2GTTTGGC (.CECCCARA2TCTETEATCTTG?
49 52 55 58 61 64 &7 70 73 76 79 82 49 35 61 67 73 79

Wild type GCTTCTCCTAATTCCTTGATA Wild type GGCCAGCCC
Deleted mutant TTGATAGCGACGGGAATTTTA Mutant GGCCCGCCC
C TCEGRGITGTTGC TTCTCTTAATTCCTTGATLGC G DiCCCAGCEGTTTGGC CCGC CCFARATCTGTGATCTT
55 58 61 64 67 70 73 76 79 82 8 & 16 51 56 61 66 7 76 €

Wild type GCTTCTCTTAATTCCTTGATAGCG Wild type GGCCAGCCC

Deleted mutant TTGATAGCGAAGGGAATTTTAACT Mutant GGCCLGCCC

FIGURE 2. Results of sequence analysis. A, Sequence for exon 19 of the H1650 cell line in the reverse direction, with deletion of
15 bp (nucleotides 2481-2495). Note that the deleted allele is dominant, and reading of the sequence (top of the figure) is mostly
mutant. Wild-type and mutant sequences are described at the bottom. The 15-bp deletion is indicated by underlining in the wild-
type sequence. B, Sequence for exon 21 of the H1975 cell line in the reverse direction, with nucleotide 2819 changed from A to
C. Note that the mutant allele is dominant, and reading of the sequence (top of figure) is the mutant version. Wild-type and
mutant sequences are described at the bottom. Mutated base is indicated by underlining. C, Sequence of a sample with delE746-
A750. D, Sequence of a sample with L858R mutation. In both these cases, the mutated signal is lower than the wild-type.

matching that of primer 19ASD1. A single 133-bp band  Although 5 of these 8 samples displayed the expected
was detected by delE746-A750-specific PCR, as expected. 19del-typel sequence, the remaining 3 samples exhibited
In contrast, delE746-A750-specific PCR for 50 normal  the 19del-type2 sequence (Fig. 1). Although the 19ASD1
samples yielded no positive bands. primer (CGGAGATGTTTTGATAGCG) and the actual

Mutation-specific PCR was then performed for 19del-type2 sequence (CGGAGATGTCTIGATAGCG)
tumor samples. DelE746-A750-specific PCR revealed  differ by 1 bp, PCR presumably generated a positive band
positive bands for 8 of the 62 NSCLC samples (Fig. 3).  with the same size as that for 19del-typel because of the

TABLE 3. Summary of Previously Reported Mutations in EGFR TK Domain

Exon 19 Exon 21

Exon 18 delE746-A750 Others Exon 20 L858R Others Authors

1 1 3 0 2 1 Lynch et al*

2 10 5 0 3 0 Paez et al’

0 7 2 1 13 0 Pao et al

4 25 27 1 46 3 Kosaka et al’

0 9 4 3 20 2 Huang et al'!

1 11 8 0 18 0 Tokumo et al’

4 2 4 0 6 1 Han et ai*?

3 12 5 0 12 1 Mitsudomi et a1**

3 12 6 0 18 1 Marchetti et al®

6 42 20 12 52 8 Shigematsu et al'?

24 131 34 17 190 17 Total (463)

(5.2%) (28.3%) (18%) (3.7%) (41%) (3.7%) (Percentage of total)
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