
Abstract. KRAS proteins play an important role in regulating
cell functions. A series of studies has revealed that mutations
of KRAS are involved in gastric carcinogenesis. However,
mutation status of KRAS remains unclear in gastric cancer
from Chinese Mainland. It has been proved that KRAS
mutation associates with resistance to epidermal growth
factor receptor (EGFR) inhibitors. In this study, KRAS
mutations were detected in 52 gastric adenocarcinomas from
Northern China. High-resolution melting analysis (HRMA)
was used and positive samples were confirmed by direct
sequencing. Of the 52 cancers, KRAS mutations were found
in 5 (9.6%). All cancers with KRAS mutation were from
male patients. Frequencies of KRAS mutation were 14.3%
(3/21) and 6.5% (2/31) in differentiated and undifferentiated
cancers; 25% (1/4) and 8.3% (4/48) in early and advanced
wall penetration cancers; and were 13.3% (2/15) and 8.1%
(3/37) in without and with lymph node metastasis cancers,
respectively. There was no significant correlation between
KRAS mutation and clinicopathological features. There
were 3 mutation types in the 5 mutations, including 2 G12D,
1 G12V and 2 G13D mutations. All codon 12 mutations were
found in patients with lymph node metastasis and at
advanced stage, whereas all codon 13 mutations were found
in patients without lymph node metastasis and at early stage.
These results support KRAS mutation may only be involved
in carcinogenesis of partial gastric cancers and the different
mutation types of KRAS may take part in development of
gastric cancer at different stages. The resistance of partial
gastric cancer patients to EGFR inhibitors may be induced by
KRAS mutation.

Introduction

Gastric cancer is the fourth leading cancer in terms of
incidence and the second most common cause of cancer-
related death worldwide (1). Chemotherapy is still the main
therapeutic approach for gastric cancer patients being at
advanced stage in China. Incomplete knowledge on gastric
carcinogenesis has slowed down the development of chemical
drugs.

In gastric carcinogenesis, abnormal activation of EGFR-
RAS-RAF-MAP-kinase pathway has been noted (2). In this
pathway, activating mutations of EGFR gene can lead to
ligand-independent activation of the receptor, resulting in
overactivation of downstream effectors. Based on these
findings, EGFR inhibitors were developed and used for
treatment of some cancers especially non-small cell lung
cancer (NSCLC) (3). KRAS, a member of RAS family, plays
an important role as a ‘molecular switch’ in the EGFR-RAS-
RAF-MAP-kinase pathway. Mutations of KRAS can alter the
gene conformation and result in constitutive activation of
KRAS protein. Generally, KRAS mutations are mutually
exclusive to EGFR mutations. Therefore, KRAS mutations
can over-activate the EGFR-RAS-RAF-MAP-kinase
pathway independent of EGFR mutations. Accordingly,
tumors with KRAS mutation will appear resistant to EGFR
inhibitors. In clinical usage of EGFR inhibitors for NSCLC
patients, KRAS mutation has been confirmed as a negative
predictor. It is controversial whether EGFR inhibitors are
applicable for gastric cancer, in which the mutation status of
KRAS in gastric cancer is a determinant besides mutation
status of EGFR.

Since their discovery two decades ago, KRAS mutations
have been described in many types of human cancers with
significantly different mutation frequency, including
pancreas, colon, lung, breast and stomach cancer (4-6). High
KRAS mutation frequency was found in many cancers such
as pancreas, colon and lung cancer, whereas, gastric cancer
has relatively low KRAS mutation frequency. In gastric
cancer, the frequency of KRAS mutation varied with human
populations (7,8). Previous data of KRAS mutation
frequency in gastric cancer from China are few and contro-
versial. According to previous studies, KRAS mutations
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commonly arise at codon 12 and 13 of exon 2. The spectra
of KRAS mutation types of the mutation hotspots were not
the same in different kinds of tumors.

High-resolution melting analysis (HRMA) is a recently
developed mutation detection technique based on polymerase
chain reaction (PCR). It can discriminate mutated from wild-
type samples according to the difference between them in the
melting curves. The melting curves were generated when
PCR amplicons bind with DNA intercalating dyes exposed to
increasing temperature. Compared with previous mutation
detection methods, HRMA can screen any type of base
variation within the whole amplified sequence without post-
PCR handling. Otherwise, HRMA has the advantages of
faster speed, less cost, higher sensitivity. HRMA has been
used for detecting somatic and germline mutations in several
genes e.g. in EGFR, BRAF and TP53 genes (9-11).

In this study, to clarify the role of KRAS mutation in
gastric carcinogenesis and to estimate the applicability of
EGFR inhibitors in gastric cancer patients, we detected the
mutation status of KRAS gene exon 2 in gastric cancer from
Northern China by HRMA.

Materials and methods

Patients and tissue specimens. A total of 52 fresh resected
gastric adenocarcinomas were collected from the hospitals in
Dalian region of Northern China. The patients consisted of
36 men and 16 women with a median age of 65 years. None
of the patients received radio- or chemotherapy before surgery.
Approval of The Ethics Committee of the Dalian Medical
University and informed consent of patients were obtained
during the procedures of collecting specimens. Two certified
pathologists reviewed available H&E-stained slides and
diagnosed histological type, differentiation grade of all
specimens independently. The status of gastric wall
penetration and lymph node metastasis were recorded
according to standard criteria and taken as basis for tumor
staging. Clinicopathological features of all patients are
summarized in Table I. These specimens were diagnosed as
well differentiated (n=3), moderate differentiated (n=18),
poorly differentiated (n=26) and signet-ring cell cancer
(n=5). Among all the 52 specimens, there were 4 with early
wall penetration and 48 with advanced wall penetration.
Lymph node metastasis was found in 37 gastric cancer
patients.

Genomic DNA extraction. Frozen-sections of 5 μm thickness
and stained with H&E were made to locate tumor-rich regions
by microscope. Tumor-rich regions were isolated for DNA
extraction. Genomic DNA was extracted by TIANamp
Genomic DNA kit (TIANGEN Biotech, Beijing, China) and
kept at 4˚C before use.

High-resolution melting analysis. A 167 bp amplicon was
produced by primers of KRAS exon 2. The sequences of the
primers were 5'-AGGCCTGCTGAAAATGACT-3' (forward)
and 5'-AATGGTCCTGCACCAGTAA-3' (reverse). PCR for
HRM analysis was performed on the Eppendorf Mastercycler
gradient (Eppendorf AG, Hamburg, Germany). A final
volume of 10 μl mixture contained: 10X PCR buffer (Takara,

Dalian), 1.5 mM MgCl2, 250 μM of dNTPs, 250 nM of each
primer, 0.25 U of Taq polymerase (Takara, Dalian), 1xLC
Green (Biochem, Salt Lake City, USA), 20 ng of genomic
DNA and PCR grade water. Cycling condition was as
follows: one cycle of 95˚C for 2 min; 45 cycles of 95˚C for
30 sec, 61˚C for 10 sec and 72˚C for 30 sec. Melting curves
from 72 to 95˚C were generated by LightScanner HRI 96
(Idaho Technology Inc, Salt Lake City, USA).

DNA sequencing. To confirm HRMA results, all identified
samples were sequenced (Takara, Dalian). Each sample was
amplified using the same primers and condition as described
in HRMA. Purified PCR products were sequenced using Big
Dye Terminator v3.1 cycle sequencing kit (Applied Bio-
systems) according to the manufacturer's protocol. The reverse
primer was used for cycle sequencing reactions. Sequencing
analysis was performed on ABI Prism 3730xl DNA Analyzer
(Applied Biosystems).

Statistical analysis. Association between KRAS mutation
and clinicopathological features of all cases were analyzed by
¯2 test. A p<0.05 was considered statistically significant.

Results

Examples of HRMA and sequencing. Examples of HRMA
of gastric cancer samples carrying KRAS mutation and
corresponding sequencing results were shown (Figs. 1-3).
The temperature shifted melting curve and fluorescence
difference curve were used to analyze the data. A sample,
clearly separating from the wild-type sample in melting
curves, was identified as a HRMA positive sample. All
potential mutations identified by HRMA were confirmed by
direct sequencing.

Mutation frequency of KRAS. In a total of 52 gastric adeno-
carcinomas, 5 (9.6%) adenocarcinomas with KRAS mutation
were found. All 5 mutated specimens were from male patients,
but the association between KRAS mutation and patient sex
was not significant (P=0.290). Frequencies of KRAS mutation
were 14.3% (3/21) and 6.5% (2/31) in differentiated (well and
moderate) and undifferentiated (poor and signet-ring cell)
cancers (P=0.645); 25% (1/4) and 8.3% (4/48) in early and
advanced wall penetration cancers (P=0.839); and were
13.3% (2/15) and 8.1% (3/37) in without and with lymph
node metastasis cancers (P=0.952). The correlation between
KRAS mutation and clinicopathological features is summarized
in Table I.

Mutation type of KRAS. All detected KRAS mutations
occurred at codon 12 and 13 of exon 2. Three of 5 mutations
occurred at codon 12, including 2 G-to-A transversion
mutations in the second base (replacing glycine by aspartic
acid) and 1 G-to-T transversion mutations in the second base
(replacing glycine by valine). Two mutations occurring at
codon 13 were G-to-A transversion mutations in the second
base (replacing glycine by aspartic acid). Clinico-
pathological features of the 5 cases with KRAS mutation are
listed in Table II. All 3 codon 12 mutations were found in
patients with lymph node metastasis and at advanced stage
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(tumor stage III and IV), whereas all 2 codon 13 mutations
were found in patients without lymph node metastasis and at
early stage (tumor stage I and II).

Discussion

KRAS proteins regulate cell functions including survival,
proliferation, differentiation and angiogenesis through
complex signaling pathways (12). Activating mutations of
KRAS can lead to excessively activated signaling pathways.

The mutually exclusive relationship between KRAS
mutations and EGFR mutations determines the resistance of
cancer with KRAS mutations to EGFR inhibitors. Therefore,
KRAS mutation detection is important for discriminating
patients that are resistant to EGFR inhibitors.

KRAS mutations have been extensively studied in various
tumors. Dramatically different mutation frequencies were
detected in pancreatic cancer (69-90%), colorectal cancer
(32-53%), lung cancer (15-50%) and gallbladder cancer (10-
38%) (13-19). In gastric cancer, the frequency of KRAS
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Table I. Patient characteristics and KRAS mutation frequency.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Clinicopathological No. KRAS status
features Mutation (n=5) p-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gender 0.290

Male 36 5
Female 16 0

Age 0.928
≤65 27 2
>65 25 3

Differentiation grade 0.645
Well 3 1 Well and moderate vs. poor 
Moderate 18 2 and signet-ring cell cancer
Poor 26 2
Signet-ring cell cancer 5 0

Wall penetration depth 0.839
Early (T1) 4 1
Advanced (T2-T4) 48 4

Lymph node metastasis 0.952
Absent 15 2
Present 37 3

Tumor stage 1.000
I 4 1 Stage I and II 
II 20 1 vs. III and IV
III 22 2
IV 6 1

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table II. KRAS mutation type and patient characteristics.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

KRAS mutation
––––––––––––––––––––––––––––––

Case Codon Nucleotide Amino acid Gender Age Differentiation Wall Lymph node Tumor
no. change change grade penetration metastasis stage

depth
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1 13 GGC_GAC G_D M 61 Well Advanced – II
10 12 GGT_GAT G_D M 72 Moderate Advanced + IV
29 12 GGT_GTT G_V M 64 Poor Advanced + III
31 12 GGT_GAT G_D M 70 Poor Advanced + III
52 13 GGC_GAC G_D M 73 Moderate Early – I
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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mutation being 0-21% (7,20) was relatively low, and this
suggested lower expression level of KRAS gene in gastric
tissue and less important role of KRAS mutation in gastric
carcinogenesis. In this study, we found frequency of KRAS
mutation was 9.6%, which supported the evidence of low
KRAS mutation frequency in gastric cancer.

Data of KRAS mutation in gastric cancer are contro-
versial in high-frequency regions worldwide. KRAS mutation
frequency of 8-21% was revealed in Italy (7,21). Mutation
frequencies were similar in Japan and Korea, which were
0-13% (22-24) and 2.8-9% respectively (2,25). No more
than 4% mutation frequency was observed in USA, Holland
and Israel (26-28). No mutation was found in specimens
from South Africa (20). In China, some study groups including
one from Taiwan did not find KRAS mutation in gastric

cancer specimens (29,30), whereas 8.5% of KRAS mutation
frequency was revealed by a study group from Hong Kong
region (31). We found 9.6% of KRAS mutation frequency in
gastric cancers from Chinese Mainland. The result presented
KRAS mutation frequency of gastric cancer in China was
similar with that in other East Asian countries such as Japan
and Korea. So the role of KRAS mutation in gastric carcino-
genesis may be affected by geographic and racial factors.
The relatively low frequency of KRAS mutation indicated
KRAS mutation may only be involved in carcinogenesis of
partial gastric cancer patients.

We found all 5 specimens with KRAS mutation were
from male patients, suggesting KRAS mutation may play a
special role in development and progression of gastric cancer
in men. KRAS mutation frequency was higher in well
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Figure 3. High-resolution melting curves and sequence traces for KRAS gene exon 2. (A) Temperature shifted melting curves of a sample with G13D
mutation and a wild-type sample. (B) Fluorescence difference curves of the same samples depicted in A. (C) Sequencing analysis of the mutated sample
depicted in A.

Figure 2. High-resolution melting curves and sequence traces for KRAS gene exon 2. (A) Temperature shifted melting curves of a sample with G12V
mutation and a wild-type sample. (B) Fluorescence difference curves of the same samples depicted in A. (C) Sequencing analysis of the mutated sample
depicted in A.

Figure 1. High-resolution melting curves and sequence traces for KRAS gene exon 2. (A) Temperature shifted melting curves of a sample with G12D
mutation and a wild-type sample. (B) Fluorescence difference curves of the same samples depicted in A. (C) Sequencing analysis of the mutated sample
depicted in A.
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differentiated than poorly differentiated samples, higher with
early wall penetration than that with advanced wall
penetration, higher without lymph node metastasis than with
lymph node metastasis. Significant correlation between
KRAS mutation and these clinicopathological features was
not found, and this was consistent with previous studies
(21,32).

KRAS mutation usually arises at codon 12 and 13. The
spectrum of KRAS mutation types in tumors was broad.
Pancreatic and colorectal cancers carried various mutation
types, including G12D, G12V, G12A, G12C, G12S, G12R,
G13D, G13A (13,33). However, the mutation types were
relatively few in stomach, lung and gallbladder cancers,
mainly G12D, G12V, G12A and G13D (31,34,35). In this
study, we found 3 mutation types in 5 mutations, including 2
G12D mutations, 1 G12V mutation and 2 G13D mutations.
The mutation types were in accordance with those found in
gastric cancers from other countries. Interestingly, all codon
12 mutations were found in patients with lymph node
metastasis and at advanced stage, whereas all codon 13
mutations were found in patients without lymph node
metastasis and at early stage. These findings suggested codon
12 mutations of KRAS may play a role in progression of
gastric cancer and codon 13 mutations may be involved in
the early stage of gastric carcinogenesis. However, it is
controversial on the clinicopathological features of samples
with KRAS codon 12 or 13 mutation (8,25). Unifying
diagnosis criteria and increasing sample size may help further
elucidate the role of mutations of KRAS gene codon 12 and 13
in gastric carcinogenesis.

In summary, low KRAS mutation frequency suggests
KRAS mutation may only be involved in carcinogenesis of
partial gastric cancer and may induce partial gastric cancer
patients resistant to EGFR inhibitors. Large sample studies
should be done to elucidate the KRAS mutation roles in
gastric carcinogenesis and the usage of EGFR inhibitors.
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