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Somatic EGFR Mutations in Lung Cancers from China

Identification of EGFR kinase domain mutations among lung cancer patients
in China: implication for targeted cancer therapy
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ABSTRACT
Lung cancer is one of the leading causes of death with one of the lowest survival rates. However, a subset of lung

cancer patients who are of Asian origin and carry somatic mutations in epidermal growth factor receptor or EGFR have
responded remarkable well to two tyrosine kinase inhibitors, gefitinib and erlotinib. While EGFR mutation profiles have
been reported from Japan, South Korea, and Taiwan, there is no such report from mainland of China where the largest
pool of patients reside. In this report, we identified ten somatic mutations from a total of 41 lung cancer patients in
China. Among them, seven mutations were found in 17 adenocarcinomas. In contrast to previous reports, eight of these
mutations are deletions in exon 19 and two of these deletions are homozygous. These results suggest that a large portion
of Chinese adenocarcinoma patients could benefit from gefitinib or erlotinib. This unique mutation profile provides a
rationale to develop the next generation of EGFR inhibitors more suitable for the Chinese population.
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INTRODUCTION
Among various cancers, lung cancer is the leading

cause of death for men and women both in China and
around the world. Non-Small Cell Lung Cancer (NSCLC)
accounts for about 85% of lung cancer and its advanced
form is refractory to most chemotherapies [1, 2].
Recently, two drugs, gefitinib (Iressa) and elrotilib
(tarceva), that target the EGFR tyrosine kinase (TK) ac-
tivity were approved by different countries to treat NSCLC
[3, 4]. Initially, the response rate to gefitinib was poor
(~10%) among patients in the United States, but with very
dramatic improvement in those who responded. However,
the response rates among Japanese patients were ap-
proaching 30%, suggesting a genetic basis for this
response. The molecular basis for this apparent gap be-
tween two patient groups was elucidated by the discov-
ery of somatic mutations in the EGFR kinase domain in
those patients who responded well to gefitinib [5, 6]. It
became apparent that those patients responded well har-
bored somatic mutations in the kinase domain of EGFR,

made from exons 18-21, and close to 30% of the Japanese
patients had mutations [5, 6]. Biochemically, mutated
EGFRs are more sensitive to gefitinib than to wild type
EGFR, which explains the improved response in those pa-
tients with EGFR mutations [5, 6]. Subsequent studies con-
firmed these findings and expanded the mutation profiles
to patients from Japan, South Korea, Taiwan and other
parts of the world [7-9]. These results suggest that the
largest patient group who may benefit from EGFR inhibi-
tors should be in Asia. However, the mutation profile among
lung cancer patients in mainland of China has not been
determined.

We searched for EGFR mutations in Chinese NSCLC
patients by sequencing exons 18-21 amplified from ge-
nomic DNA samples. We screened 41 cases of NSCLC
patients, ten samples of lung tissues of non cancerous pa-
tients and seven human cancer cell lines, including two
from lung cancer. Somatic mutations were found in lung
cancer tissues but not in normal lung tissues, nor in cancer
cell lines. Although the types of mutations are similar, the
overall mutation profile among Chinese lung cancer pa-
tients appears to be quite unique from published data, with
eight out of the ten mutations are deletions in exon 19, of
which six are heterozygous and two are homozygous
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mutations. These results, although relatively small in sample
size, represent the first such report from China where a
potentially large patient population resides.

MATERIALS AND METHODS
Patients and cell lines

Genomic DNA from 41 NSCLC and 10 non-cancerous lung tis-
sues were obtained from The State-key Laboratory for Oncogenes
and Related Genes, Shanghai Cancer Institute, Shanghai Jiaotong
University, Shanghai. There were 30 males and 11 females with an
age at diagnosis ranging from 43 to 77 (median 57) in male, from 31
to 64 (median 48) in female. Seventeen of these patients were
adenocarcinoma, 21 were squamous cell carcinoma and 3 were
adenosquamous cell carcinoma. There were 21 non-smokers and 20
smokers. We also investigated seven human cancer cell lines includ-
ing two lung cancer cell lines 95D, NCI-H460; two prostate cancer
cell lines PC-3, Du-145; and others including Hela, HT-1080 and
MCF-7.

Isolation of genomic DNA fragments by PCR and iden-
tification of mutations by sequencing

For genome screening, four sets of primers corresponding to ex-
ons 18-21 were designed and synthesized; for screening cell lines,
primers for amplification of the tyrosine kinase domain on cDNA
were also designed and synthesized (Tab. 1). Total RNA was ex-
tracted from each cell line by Trizol Reagent from Invitrogen. After
genomic DNA digestion with TaKaRa’s DNase I (RNase-free), 5 ìg
total DNA-free RNA was reverse-transcripted by SuperScrip III
from Invitrogen. The RT product was diluted corresponding to 50 ng
total RNA per µl. 1 µl sample was used in the following 40 µl PCR
amplification of the tyrosine kinase domain. 94°C for 5 min for initial
denaturing, 33 cycles at 94°C for 30 sec, 62°C for 30 sec, and 72°C
for 30 sec for exons and 1 min for cDNAs, and final extension was 10
min at 72°C. The resulting DNA was purified and sequenced on an
ABI 377 (Foster city, CA). For genomic sequencing, exons 19-21
were amplified from genomic DNA samples individually. The DNA
fragments were purified by agarose gel and sequenced on an ABI 377

Primer
E18F1
E18R1
E19F1
E19R1
E20F1
E20R1
E21F1
E21R1
EGFRTKF1
EGFRTKR1

Exon
18
18
19
19
20
20
21
21
TK
TK

                       Sequence (5’-3’)
AATGAGCTGGCAAGTGCCGTGTCCTG
CCTCTCAATAACTTGGGAAAAACACTG
AGCCCCCAGCAATATCAGCCTTAGGTG
ATGGGAGAGGCCAGTGCTGTCTCTAAG
GCATTCATGCGTCTTCACCTGGAAGG
GCACACACATATCCCCATGGCAAACTC
CGCCAGCCATAAGTCCTCGACGTGGAG
TCTGGAGAGCATCCTCCCCTGCATGTG
GGAGAAGCTCCCAACCAAGCTCTCTTG
GCCCTGCTGTGGGATGAGGTACTC

Ta (ºC)
59.0

59.6

62.2

61.9

60.2

Product length (bp)
425

446

385

386

981

Tab. 1 Primers for amplification of EGFR tyrosine kinase domain exons from Chinese NSCLC tissues
and EGFR tyrosine kinase domain of cDNA from cancer cell lines

No.

8
10
13
20
24
35
44
57

41
34

Histology

Ad
Sq
Ad
Ad
Ad/Sq
Ad/Sq
Ad
Ad

Ad
Ad

Gender

F
M
M
M
M
M
F
F

M
F

Age

42
57
59
55
60
43
55
44

64
50

Smoking
  status
Never
Never
Ever
Ever
Ever
Ever
Never
Never

Ever

Exon

19
19
19
19
19
19
19
19

20
21

Alteration type

Heterozygous
Heterozygous
Heterozygous
Heterozygous
Homozygous
Heterozygous
Heterozygous
homozygous

Heterozygous
heterozygous

Sequence alteration

2235-2249deletion
2235-2249deletion
2235-2249deletion
2235-2249deletion
2240-2254deletion
2235-2249deletion
2240-2254deletion
2240-2254deletion
2309-2312deletion
& 7bp insertion
2573 substitution

Nucleotide

GGAATTAAGAGAAGC
GGAATTAAGAGAAGC
GGAATTAAGAGAAGC
GGAATTAAGAGAAGC
taagagaagcaacat
GGAATTAAGAGAAGC
taagagaagcaacat
taagagaagcaacat
acaa(del) &
ctggtgg(insertion)
T>G

Amino acid

Del-1
Del-1
Del-1
Del-1
Del-2
Del-1
Del-2
Del-2

Del-3/In
Substitution-1

The clinical information of 10 cases of patients with EGFR TK mutations were shown here. The shaded areas showed 3 cases with non-
adenocarcinoma.

Tab. 2 Somatic mutations in the Tyrosine kinase domain of EGFR in Chinese patients of Non-Small-Cell Lung Cancer
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Fig. 1 EGFR tyrosin kinase mutations found
in Chinese NSCLC patients. The three
classes of mutations are in-frame deletions
in exon 19 (Del-1 and Del-2 in A), in-frame
deletion and insertion in exon20 (Del-3/In
in B)  and substi tution in exon 21
(Substitution in C). The shaded areas rep-
resent the altered amino acid.

Fig. 2 Four types of EGFR TK mutations found in Chinese NSCLC patients. The matched non-cancerous lung tissues showed no
mutation in all the 10 cases. All the cases except No. 24 and 57 were heterozygous mutation. (A): del E746-A750 (No. 8, 10, 13, 20
& 35); (B): del L747-S752 in S (heterozygous No. 44); (C): DN (770-771) del & AGG in (No. 41); (D): L858R (No. 34); (E):
homozygous No.24 & 57.
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sequencer. One strand was sequenced first to identify the mutation
and then confirmed by sequencing the opposite strand.

RESULT AND DISCUSSION
Identification of EGFR mutations among lung cancer
patients in China

We identified a total of ten somatic mutations from 41
lung cancer patients (Tab. 2). We also sequenced the match-
ing normal genomic DNAs and found no mutations, thus
confirming that the mutations identified are of somatic
origin. No mutation was identified in seven cancer cell
lines and ten normal lung samples. Among the ten mutations,
eight cases were deletions in exon 19, one point-mutation
in exon 21 and one deletion/insertion in exon 20 (Fig. 1).
When compared to published data, three of these muta-
tions were identified previously [9], i.e. the in-frame dele-
tions of 746-750 or 747-751 amino acids in exon 19, the
substitution of L858R in exon 21 (Fig. 1 and 2)]. The
deletion/insertion in exon 20 appears to be novel at this
point Interestingly, although most (8 out of 10) of the
mutations were heterozygous, two (No. 24 and 57) were
homozygous (Fig. 2).

Unique mutation profile among Chinese NSCLC pa-
tients

The frequency of mutations reveal a difference between
Chinese patients in this study and patients reported recently.
There was an unusually high frequency for the deletions
in exon 19 (80% in China versus 46-47% in Japan, Korea

Tab. 3 Different frequencies of 3 classes of EGFR TK mutations
in NSCLC from this and other studies
Exon

19
20

21

Mutation

Deletion
Duplication
/Insertion
Substitution

Chinese
8 (80)
1 (10)

1 (10)

Japanese [9]
52 (47)

5 (5)

54 (49)

Muti-countries [10]
62 (46)
12 (9)

52 (39)

Mutation No. (%)

and other countries or regions), and mutations at L858R
was much less common in Chinese than in other people
(10% versus 39-49%) (Tab. 3). One obvious explanation
is that our sample size is small. However, one of the early
reports on EGFR mutations identified four deletions and
four point mutations at L858R [6], a ratio confirmed in a
sample size of 134 with 46% having deletions in exon 19
and 45% having point mutations at L858R[9]. Confirming
this pattern in a larger sample size may reflect the differ-
ences in EGFR mutations among Asians.

Clinical characteristic of EGFR TK mutations
The EGFR mutations in this study have no association

with age (Tab. 4). However, there is a clear segregation of
mutations with adenocarcinomas, 7/17 or 41.2%, vs 1/21
or 4.8% in squamous cell carcinoma, consistent with find-

Age group
31-40
41-50
51-60
61-70
71-80
 total

No. of patients
1

11
17
5
6

30

No. of male
0
5
16
3
6
10

No. of female
1
6
1
2
0

10

No. of Mutation
0
4
5
1
0

10

No. of Male Mutation
0
1
4
1
0
6

No. of Female Mutation
0
3
1
0
0
4

  *Average age: in male 57 (1714/30), in female 47.6 (476/10).

Tab. 4 Age distribution of patients with EGFR TK mutations

Variables
A. in NSCLCs
Gender
   Male
   Female
Smoking history
   Never Smoker
   Ever Smoker
Histology
   Adenocarcinoma
   Squamous cell carcinoma
   Adenosquamous cell carcinoma
B. in adenocarcinoma
Gender
   Male
   Female
Smoking history
   Never Smoker
   Ever Smoker

Number
41

30
11

21
20

17
21
3

17

9
8

10
7

EGFR mutation (%)
10 (24.4)

6 (20)
4 (36.4)

6 (28.6)
4 (20)

7 (41.2)
1 (4.8)

2
7 (41.2)

3 (33.3)
4 (50)

4 (40)
3 (42.9)

Tab. 5 Patient charateristics and EGFR mutation
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ings reported so far (Tab. 5) [7-9]. Moreover, among the
adenocarcinoma patients (17 cases), the greater portion
of the mutations were found in females (4 in 8 or 50%,
Tab. 5), again consistent with published results [7-9]. In
Tab. 6, we compared our results with those published data.
It is unlikely that EGFR mutations occurred more frequently
in non-smokers of NSCLCs in China. However, since all
the female patients in this study were non-smokers and
the total number was small, the relationship between smok-
ing status and EGFR mutation needs further investigation.

Implication for drug development
Given the heightened interest in developing EGFR in-

hibitors for targeted therapy against lung cancer [1, 4,
11], the mutation profile we identified in lung cancer pa-
tients from China should be significant. With a population
of 1.3 billion, China has the largest pool of lung cancer
patients in the world, thus, representing a formidable chal-
lenge as well as an opportunity for the development of
targeted therapy against EGFR. Since these patients were
never exposed to EGFR inhibitors, these mutations are
naturally occurring, perhaps, accumulating during early
stages of carcinogenesis. Thus, a sensitive screening test
for EGFR mutations should help identify patients who would
respond favorably to EGFR inhibitors. It is also possible
that EGFR inhibitors could be developed as a
chemopreventative agent for lung cancer, especially among
the Chinese population. Therapeutically, Chinese patients
carrying the mutations we identified should respond well
to gefitinib or erlotinib. Given the high frequency of exon

Country or
ethnicity (No.)

Mainland of
China (41)

Taiwan
(93)

Japan
(263)

East Asian
(361)

Unite States
(80)

Australia
(83)

Other
ethnicities (158)
  *Adeno: Adenocarcinoma; Other: non-adenocarcinoma lung cancer.

No. mutation
 (%)

010 (24.4)

032 (34)

071 (27)

107 (30)

011 (14)

006 (7)

013 (8)

      Sex
     (No.)
Male (30)
Female (11)
Male (64)
Female (29)
Male (183)
Female (80)
Male (251)
Female (110)
Male (43)
Female (37)
Male (58)
Female (25)
Male (97)
Female (61)

No. mutation
(%)

06 (20)
04 (36.4)
14 (22)
18 (62)
30 (16)
41 (51)
47 (19)
60 (55)
03 (7)
08 (22)
01 (2)
05 (20)
01 (1)
12 (20)

  Smoking
status (No.)
Never (21)
Ever (20)
Never (55)
Ever (38)
Never (78)
Ever (185)
Never (135)
Ever (226)
Never (26)
Ever (54)
Never (7)
Ever (76)
Never (31)
Ever (127)

No. mutation
(%)

06 (28.6)
04 (20)
27 (49)
05 (13)
57 (60)
24 (13)
76 (56)
31 (14)
07 (27)
04 (7)
04 (57)
02 (3)
08 (29)
04 (3)

Histology
(No.)

Adeno (17)
Other (24)
Adeno (55)
Other (38)
Adeno (154)
Other (109)
Adeno (214)
Other (147)
Adeno (44)
Other (36)
Adeno (36)
Other (47)
Adeno (75)
Other (83)

No. mutation
(%)

007 (41.2)
003 (12.5)
031 (56)
001 (3)
067 (44)
004 (4)
102 (48)
005 (3)
011 (25)
000 (0)
005 (14)
001 (2)
012 (16)
001 (1)

Tab. 6 EGFR TK mutations in different countries and regions [10]

19 deletion, one may argue that a drug could be designed
specifically for the EGFR mutant carrying the exon 19
deletion. One may speculate that such a drug could be
more efficacious and have a better response rate among
Chinese lung cancer patients.
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