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Abstract KRAS gene mutations have been identified as a
predictive molecular marker to predict the sensitivity of
tumors to anti-EGFR therapeutics. The variability of clin-
ical response to anti-EGFR agents has highlighted the need
to select the appropriate patients who can benefit from the
treatment. We examined the prevalence of KRAS muta-
tions in 1,323 colorectal cancer patients from different
regions of India and its correlation with geographic dis-
tribution and clinicopathological characteristics. DNA was
extracted from formalin-fixed, paraffin-embedded tissue
samples and was amplified by nested polymerase chain
reaction at KRAS exon 2 and subjected to nucleotide
sequencing using ABI 3100 Genetic Analyzer. The fre-
quency of KRAS mutations was found to be 20.5 % (271/
1,323). There was significant association (p < 0.05)
between KRAS mutations, age and the tumor differentia-
tion. Statistical analysis revealed significantly higher
prevalence of colorectal cancer with mutated KRAS gene
in northern regions of the country. No significant associa-
tion was observed between KRAS mutations and gender
(p > 0.05). Our study indicates that KRAS mutations in
Indian colorectal cancer patients occur at lower level
compared to that of Western population.

Keywords Colorectal cancer - KRAS - Mutations -
Indian patients

H. Patil - R. Korde - A. Kapat (I<)

Reliance Life Sciences Pvt. Ltd., Thane Belapur Road,
Rabale, Navi Mumbai 400701, India

e-mail: Arnab.Kapat@ril.com

Introduction

Colorectal cancer (CRC) is the third most common
malignancy in men and women with an incidence of
1,234,000 cases contributing 10 % of the total cancer
burden [1]. The incidence rates of colon cancer vary in
various geographic locations with highest rates estimated
in Australia/New Zealand and Western Europe. Incidence
rates are substantially higher in men (663,000 cases, 10 %
of the total) than in women (570,000 cases, 9.4 % of total).
India constitutes a low-risk region for colorectal cancer
with 36,000 cases reported annually [1]. The reasons for
lower incidence in India are unclear although it is likely to
be due in part to less exposure to harmful risk factors such
as red and processed meat and lower prevalence of obesity.
Population-based time trend studies show a rising trend in
incidence of CRC in India [2].

In CRC, the novel therapies that are currently used
target the epidermal growth factor (EGF) signaling path-
way. Cetuximab and panitumumab are epidermal growth
factor receptor (EGFR) inhibiting monoclonal antibodies
that have been shown helpful in the treatment of patients
with CRC. Although a significant proportion of CRC
patients have had good response rates and increased pro-
gression-free and overall survival, with the treatment,
many patients have had a complete absence of response to
the therapeutics [3].

v-ki-ras2 Kristen rat sarcoma viral oncogene homologue
(KRAS) gene mutations have been identified as a predictive
molecular marker to predict the sensitivity of tumors to anti-
EGFR therapeutics. The variability of clinical response to
anti-EGFR agents has highlighted the need to select the
appropriate patients who can benefit from the treatment.
Oncogenic mutations of KRAS are involved in 30-40 % of
colorectal cancers [4]. Patients with tumors harboring KRAS
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mutations show a lower response rate and decreased pro-
gression-free and overall survival, compared with those
patients with KRAS wild-type tumors [3].

Most of the studies that investigated the predictive value
of KRAS mutations were performed in Western countries.
Little is known about the frequency of this biomarker in
Indian population. The studies on KRAS mutations in India
have been reported on small sample sizes of 100 and 212
patients [5, 6]. The primary aim of our study was to
determine the frequency of KRAS mutations in a large
cohort, comprising 1323 patients from various regions of
India, and to statistically analyze the relationship between
KRAS mutations and clinicopathological characteristics.

Materials and methods
Patients

One thousand three hundred and twenty-three patient
samples with histologically confirmed colorectal adeno-
carcinoma (901 men and 422 women) from northern (339),
southern (430), eastern (109) and western (445) regions of
India were analyzed at Molecular Medicine laboratory,
Reliance Life Sciences Pvt. Ltd., Navi Mumbai. Formalin-
fixed, paraffin-embedded (FFPE) specimens collected
during the period October 2008 to November 2012 were
included in the study. The project was approved by Sci-
entific and Ethics committees of Reliance Life Sciences
Pvt. Ltd. The age of the patients ranged from 21 to 90 years

Table 1 Demographic and clinicopathological data of 1,323 colo-
rectal cancer patients

Characteristics Total
Gender No. (%)
Male 901 (68.1)
Female 422 (31.9)
Age (in years)

<50 520 (39.3)
>50 803 (60.7)
Geographical distribution

East 109 (8.3)
West 445 (33.6)
North 339 (25.6)
South 430 (32.5)
Tumor differentiation

GI1-WDA 147 (11.1)
G2-MDA 712 (53.8)
G3-PDA 464 (35.1)

WDA Well differentiated adenocarcinoma, MDA Moderately differen-
tiated adenocarcinomas, PDA Poorly differentiated adenocarcinomas
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with the mean age of 54 years. A summary of demographic
and clinicopathological data is listed in Table 1.

DNA isolation

Formalin-fixed, paraffin-embedded tissue blocks were cut at
4 um thickness and stained with hematoxylin and eosin
(HE) for histopathological examination. Subsequently for
DNA extraction, 10-pm section of tumor tissue was used.
DNA was extracted by using Purelink DNA extraction kit
(Life Technologies, Carlsbad, California, USA) according
to manufacturer’s protocol. Deparaffinization of section
was performed using xylene and ethanol. Tumor tissue was
dissolved in 200 pl digestion buffer and incubated with
proteinase K overnight at 50 °C. Subsequently, DNA was
extracted and DNA concentration was determined at
260 nm using the Nanodrop 26 ND-1000 spectrophotome-
ter (Nanodrop Technologies Inc. Wilmington, NC, USA).

KRAS mutation analysis

For mutation analysis, exon 1 (codons 12 and 13) of the
KRAS gene was amplified from isolated genomic DNA by
nested PCR using four sets of primers. Table 2 shows the
list of primers used in PCR amplification and sequencing.

In total, 25-50 ng of DNA was added to a volume of
2 mM deoxynucleotide triphosphates (Biochain), 10 pmol
of each primer, SU of DNA polymerase (Promega), 0.1 %
BSA, 6 % dimethylsulfoxide, 25 mM MgCl, and 5X
polymerase chain reaction (PCR) buffer (Promega). The
cycling condition was as follows: 95 °C for 30 s, 40 cycles
of 94 °C for 30 s, 52 °C for 30 s, 72 °C for 30 s and final
extension at 72 °C for 7 min. The PCR products were
electrophoresed on 2 % agarose gels, visualized in Gel-
Documentation system (Amersham Pharmacia Biotech,
Uppsala, Sweden) and recorded.

The PCR product spanning codons 12 and 13 obtained
after amplification was subjected to nucleotide sequencing.
The sequencing reactions used 5 pmol of forward and reverse
primers, 5 pl volume and Big Dye Terminator v.3.3 cycle
sequencing kit® and analyzed after sequencing using ABI
3100 Genetic Analyzer (Applied Biosystems, CA, USA).

Table 2 Primers used in PCR amplification and sequencing

Codon 12/13

1st round PCR
Sense primer 5'-TACTGGTGGAGTATTTGATAGTG-3'
Antisense primer 5'-TGTATCAAAGAATGGTCCTG-3’
Nested PCRs primers

5'-AAGGTGCACTGTAATAATCCA-3’

5'-CATGGCATTAGCAAAGACTC-3'

Sense primer
Antisense primer
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Statistical analysis

The chi-square test using GraphPad Software was per-
formed to examine statistical differences between mutation
distribution based on age, gender and tumor differentiation.
It was also used to compare the mutation frequency found
in other studies to that in our present study. p < 0.05 was
considered significant.

Results
KRAS amplification

KRAS was amplified using nested PCR and was detected in
the presence of 189-base pair specific fragment on agarose
gel electrophoresis in 1323 clinical samples. A represen-
tative gel image of amplified PCR product of KRAS is
shown in Fig. 1.

Fig. 1 Agarose gel electrophoresis of the KRAS products (189-bp
band). Lane 1 100-bp ladder, lane 2 positive control, lane 3 reaction
control, lanes 4, 5 samples

KRAS mutation frequency

KRAS mutational status was tested in 1,323 clinical sam-
ples, of which 271 (20.5 %) harbored at least one mutation
at codon 12 or 13. The spectrum of mutations is summa-
rized in Table 3. Mutations at codon 12 are more frequent
followed by codon 13. About 210 tissue samples had a
mutation at codon 12 (15.9 %) and 61 at codon 13 (4.6 %)
(Table 3). The incidence of KRAS mutations was almost
similar in men (20.3 %) and women (20.8 %) (Table 4).
The predominant mutations are G > A transitions and
G > T transversions. The most frequent mutation was
found to be G12D (36.2 %) of all mutations. Representa-
tive electropherograms of G12D, G12V, G12C, G12A and

Table 4 Characteristics of 1323 colorectal cancer patients evaluated
for KRAS

Characteristics Total KRAS KRAS p value
mutant (%) wild type

Gender

Male 901 183 (20.3) 718 0.826

Female 422 88 (20.8) 334

Age (in years)

<50 854 191(22.3) 663 0.02*

>50 469 80 (17.1) 389

Geographic distribution

East 109 17 (15.5) 92 0.215

West 445 78 (17.5) 367 0.06

North 339 86 (25.4) 253 0.01°%*

South 430 90 (20.9) 340 0.77

Tumor differentiation

G1-WDA 147 32 (21.7) 115 0.66

G2-MDA 712 167 (23.4) 545 0.004*

G3-PDA 464 72 (15.5) 392 0.001*

WDA Well differentiated adenocarcinoma, MDA Moderately differen-
tiated adenocarcinomas, PDA Poorly differentiated adenocarcinomas

* Statistically significant

Table 3 Spectrum of KRAS

. Codon
mutations

Type of point
mutation

No. of
patients (%)

Mutated codon
(amino acid)

Wild-type codon
(amino acid)

12 G>A

G>T

G>C
13 G>A
G>T
G>C
G>V

Gly glycine, asp aspartic acid,
ser serine, val valine, cys
cysteine, ala alanine, arg
arginine

99 (36.5) GGT (Gly)(G) GAT (Asp)(D)
7 (2.6) AGT (Ser)(S)
54 (20) GTT (Val)(V)
25 (9.2) TGT (Cys)(C)
25 (9.2) GCT (Ala)(A)
56 (20.7) GGC (Gly)(G) GAC (Asp)(D)
2(0.7) TGC (Cys)(C)
2(0.7) CGC (Arg)(R)
1(0.4) GTT (Val)(V)
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Fig. 2 Sequencing electropherogram of KRAS exon 2 showing G12D, G12V, G12C, G12A and G13D mutations

Fig. 3 Sequencing
electropherogram of KRAS
exon 2 showing G13V mutation

.]'l, /\ / H IIJ \H fll /
| \ \ VL

[

_'_'_'_,_,v_o-‘
s

y v 1

G13D are shown in Fig. 2. Also, one patient with colo-
rectal carcinoma harbored the rare amino acid substitution
G13V in KRAS codon 13 as shown in Fig. 3.

Statistical analysis of the various clinicopathological
variables revealed a significant association (p < 0.05)
between KRAS mutations, the age and the tumor differ-
entiation. No significant association was observed between
KRAS mutations and gender (p > 0.05) (Table 4).

Statistical analysis revealed significantly higher preva-
lence of colorectal cancer with mutated KRAS gene in
northern regions of the country.
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Discussion

The epidermal growth factor receptor (EGFR) plays a key
role in the development and progression of CRC. It triggers
a downstream signaling cascade such as RAS-RAF-MAPK
and PI3K-AKT pathway, which are involved in cell pro-
liferation differentiation, survival and invasion. Among the
activating mutations downstream of EGFR, the KRAS
gene mutations have been identified as the predictive bio-
marker for resistance to anti-EGFR antibody therapy and
occur early in progression from adenoma to carcinoma [7].
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Table 5 KRAS mutation frequencies in reported studies

Study Sample Method KRAS codon Population KRAS mutation p value
size targeted distribution frequency
Rosty et al. [22] 777 HRM and Sanger sequencing Codon 12 and codon  Australian 2177777 (28 %) 0.0001%*
13
Bagadi et al. [5] 100 Fragment analysis and Codon 12, 13 and Indian 23/100 (23 %) 0.627
sequencing codon 61
Zhu et al. [21] 557 PCR amplification and DNA Codon 12 and codon  Chinese 225/557 (40.4 %) 0.0001*
sequencing 13
Gao et al. [20] 273 Sanger sequencing Codon 12 and codon Chinese 105/273 (38.5 %) 0.0001*
13
Farina Sarasquesta et al. 292 PCR and sequencing Codon 12 and codon  Boston USA 100/292(34.2 %) 0.0001%*
[19] 13
Sameer et al. [18] 53 SSCP and direct sequencing Codon 12 and codon  Indian- 12/53(22.6 %) 0.82
13 Kashmiri
Velho et al. [17] 103 Sequencing Codon 12 and codon  Portuguese 31/103 (30.1 %) 0.28
13
Fransen et al. [13] 130 SSCP and direct sequencing Codon 12, 13 and Sweden 52/130 (40 %) 0.0001*
codon 61
Servomma et al. [7] 118 SSCP and direct sequencing Codon 12, 13 and Finnish 16/118 (14 %) 0.09
codon 61 Women
Present study 1323 PCR amplification and DNA Codon 12 and codon  Indian 271/1,323 (20.5 %)
sequencing 13

* Statistically significant

In this study, we examined the incidence of KRAS
mutation in 1323 Indian CRC patients and also tried to cor-
relate the mutations with some clinical and pathological
features. Previous studies have estimated the KRAS gene
mutation frequency in CRC and have investigated the rela-
tionship between the mutations and various clinicopatho-
logical characteristics. To our knowledge, the present report
is the first to provide data on frequency and type of KRAS
mutations and the geographical distribution of colorectal
cancer from a large Indian population of 1323 CRC patients.

In studies from Western population, the occurrence of
KRAS mutations accounts for approximately 30-40 % of
nonresponsive patients [8—11]. In this study, KRAS muta-
tions were identified in 20.5 % of all CRCs, which is sig-
nificantly lower than the usually detected frequencies in
Western population.

Nearly 97 % of all KRAS mutations are localized to
codon 12 or 13. Point mutations in codon 12 are most
common KRAS mutations in CRC [7, 12-14]. In this study
also KRAS codon 12 mutation was most frequent (15.8 %)
followed by KRAS codon 13 (4.5 %).

The most frequent change is the transition of GGT to
GAT in codon 12. The presence of a glycine residue in
codon 12 appears to be critical for normal function of ras
proteins [8]. Thus, single-base substitutions that result in
the replacement of the glycine amino acid in this location
result in formation of GTPase that are locked in the acti-
vating position.

In the previous studies from Western population, G12D
transition is most frequently found in KRAS codon 12
followed by G12V, G12C, G12S and G12A [15, 16]. In this
study we found G12D as the most frequent, which is in
concordance with the earlier studies, followed by GI2V,
G12C, G12A and G12S. Similarly, in case of KRAS codon
13 mutations in Western population, G13D is the most
frequent followed by G13C and G13R, which was the same
as observed in our study where G13D is followed by G13R
and G13C. We also observed a rare mutation G13V in
codon 13 of KRAS.

We also investigated the clinicopathological character-
istics of CRC patients with respect to KRAS mutations. We
found significant association (p < 0.05) between KRAS
mutations, the age and the tumor differentiation. KRAS
mutation rate was significantly higher in poorly and mod-
erately differentiated adenocarcinomas (p < 0.05). Also,
the mutation rate in patients with age >50 years was higher
than in patients with <50 years (p < 0.05) (Table 4).
However, we did not find any statistically significant
associations between gender and KRAS mutations. We
also found statistically significant association (p < 0.05)
between the frequency of KRAS mutations and the prev-
alence of colorectal cancer in northern parts of India
compared with other regions of the country. In other
reported studies using direct sequencing as the methodol-
ogy and from different population background, the KRAS
mutation frequency varied from 14 to 40.4 %. In our study,
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KRAS mutations were observed in 20.5 % of all CRCs,
which is similar to the frequency reported in few studies [5,
7, 17, 18]. However, in some reports [13, 19-22] the KRAS
mutation frequency was significantly different from the
present study (Table 5). These variations in patterns of
KRAS mutations may be due to the racial differences and
etiological factors.

In summary, our study adds to the evidence that KRAS
mutations in Indian CRC patients occur at lower level
compared to that of Western population. However, further
studies are necessary to examine the molecular background
of CRC.
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