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Introduction

Colorectal cancer (CRC) is the fourth most common 
cancer in men and the third most common in women 
(Madani et al., 2015).With advances in the understanding 
of the biology and genetics of CRC , diagnostic biomarkers 
that may predict the existence or future presence of cancer 
or a hereditary condition, and prognostic and treatment 
biomarkers that may direct the approach to therapy 
have been developed (Carethers , 2015).  
 Cetuximab (Erbitux®) is a monoclonal antibody 
used widely in the targeted treatment of metastatic 
CRC(Vecchione et al ., 2011).KRAS is a proto-oncogene 
located on the short arm of chromosome 12, encodes 
the protein KRAS, a GTPase involved in cell division, 
differentiation and apoptosis(Dobre et al ., 2015).It has 
been frequently reported that patients having KRAS 
mutations show no significant response to moAb treatment 
(Bando et al ., 2011). 

KRAS mutations are found in approximately 35-
45% of CRCs (Van Cutsemet al., 2009) .The Ras/Raf/
MEK/ERK kinase cascade is involved in the control 
of cell proliferation, cellsurvival and invasion in CRC 
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cancer cells (Perkins et al., 2014).However, the clinical 
significance of KRAS mutation as a prognostic marker 
is controversial. Some studies reported no association 
with survival, whereas others suggested that patients 
withKRASmutated tumors have poorer outcome for any 
mutation subtype (Rosty et al., 2013; Yoon et al., 2014). 
The aim of this study was to evaluate the KRAS oncogene 
and relationship it with clinicopathologic features in 33 
Kurdish patients.

Materials and Methods

Patients and Methods
The study did on 33 KRAS gene of patients with 

metastatic CRC between 2012 and 2016 that they came 
to Imam Reza hospital, Kermanshah province, Iran.

Method for KRAS Mutation 
DNA extracted by FFPE Q1AGEN kit and KRAS 

analyzed using allele specific PCR primers and 
pyrosequencing. The results have been double checked 
by high resolution melting analysis. Detection limit 
of these assay are five copies of mutation in whole 
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genome. Mutation screened for: p.Gly12Asp (c.35G>A), 
p.Gly12Ala (c.35G>C), p.Gly12Val (c.35G>T), 
p.Gly12Ser (c.34G>A), p.Gly12Arg (c.34G>C), p. 
Gly12Cys (c.34G>T), p. Gly13Asp (c.38G>A).

Statistical Analysis
The correlation of between the variables was analyzed 

in PASW SPSS (version 19) with Chi-square test that 
p<0.05 was statistically significant. Curve of the OS 
was plotted by Kaplan-Meier plot in Graph Pad prism 5 
Software in 2-year period.

Results 

The mean age for them at diagnosis was 51.48±12.6 
years (range, 22-76 years) that 26 patients (79%) were 
male and 7 patients (21%) were female.Of 33 patients, 
21(64), 8(24), 2(6), 1(3) and 1(3) had metastasis to liver, 
lung, lung + liver, peritoneum and pelvis, respectively. 
In all of patients, kind of pathology in 32 patients (97%) 
was invasive adenocarcinoma and 1 patient (12.1%) was 
mucinous adenocarcinoma.Location of tumor in patients 
was: rectum (45%), rectosigmoid (33%), sigmoid (16%), 
descending colon (3%) and transverse colon (3%) (Table 
1).

Among the 33 patients that were sequenced, 22 

samples were normal and 12 samples in the KRAS 
gene had a nucleoside change.Of the 12 samples, 11 
nucleotide changes in codon 12 and 1 change in codon 
13 of the gene were observed.There was no significant 
relationship between the KRAS mutationswith age, sex, 
tumor location, site of metastasis, king of pathology, 
grade, vital statues and lymph node, margin, vascular 
involvement (Table 2). 

The 2-year overall survival (OS) for patients with 
KRAS wild-type vs. KRAS mutations has been shown 
in (Figure 1). The OS rate of the patients with KRAS 
wild-type was 73% and for KRAS mutations was 63%. 
There was no significant correlation between the two 
groups (P>0.05).

Table 1. Study Characteristics by KRAS-Mutation Status (n=33)

KRAS wild-type (N= 22) 
(%)

KRAS-mutated 
(N= 11) (%) P-Value*

Age 0.66
   <50 10(45) 6(55)
   50-59 6(27) 1(9)
   60-69 5(23) 3(27)
   70-79 1(5) 1(9)
Sex
   Male 18(82) 8(73) 0.66
   Female 4(18) 3(27)
Tumor Location 0.31
   Rectum 11(50) 4(36)
   Rectoigmoid 7(32) 4(36)
   Sigmoid 4(18) 1(9)
   Transverse 0(0) 1(9)
   Aescending 0(0) 1(9)
Site of Metastasis 0.11
   Liver 16(76) 5(42)
   Lung 3(14) 5(42)
   Liver + Lung 1(5) 1(8)
   Peritoneum 1(5) 0(0)
   Pelvis 0(0) 1(8)
Kind of Pathology 1
   Invasive Adenocarcinoma 21(95) 11(100)
   Mucinous Adenocarcinoma 1(5) 0(0)
   Grade
   Well 13(59) 9(82) 0.39
   Mod 6(27) 1(9)
   Poor 2(14) 1(9)

*P-value for X2

Figure 1. Two Year Overall Survival
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Discussion

Mutation in KRAS gene is one of the most common 
oncogenic changes in various types of human cancer 
(Ansari et al., 2007).Emergence of KRAS mutated status 
is an alarming situation for CRC patients being treated 
with anti-EGFRs. Presence of KRAS mutations in a tumor 
treated with monoclonal antibodies is a sign of becoming 
refractory to treatments (Sameen et al ., 2016). A study 
recorded 12/26 (53.8%) deaths, 3/7 (57.1%) of patients 
with mutations and 9/19 (52.6%) of patients with wild type 
(Dobre et al., 2015).Mutation in codons 12, 13 KRAS is 
common in CRC. This produces an active KRAS protein 
resulting in the activation of the MAPK (mitogen activated 
protein kinase) cascade independently of EGFR activation 
(Naghibalhossaini et al., 2011) .

The median OS for patients with KRAS mutation at 
codon 12 was 27.3 months (Chang et al., 2014).Roughly, 
90% of the activating mutations that are influential solitary 
amino acid replacement in the GTPase pocket and guide a 
block of the activity of KRAS-p21 protein, are recognized 
in codons 12 (GGT) and 13 (GGC) (Faghani et al., 2012) 
that mutations in codon 12 accounted for 79.3% of the 
mutations, the rest of them being in codon 13(Dobre et 
al., 2015). In codon 12, the most regularly found kinds 
of mutations are Gly to Asp(Dobre et al., 2013;Faghani 

et al., 2012;Geramizadeh , 2015)in concordance with 
evidence from Chinese and Caucasian mCRC patients (Li 
et al ., 2010;Mao et al., 2012)and Gly to Val transitions 
(Faghani et al., 2012)and in two studies from south of 
Iran [Dobre et al., 2012]and other study [Geramizadeh , 
2015] was Gly to Cys.In our study 10/33(30%) deaths, 
6/22(27%) of cases with mutations and 4/11(37%) of 
patients with wild type. 18 monthswas mean OS for 90 
percent (codon 12) of patients with KRAS mutation.
Most of the mutations were assigned to Gly12Asp and 
Gly12Val, respectively.A number of studies conducted 
in Caucasian and Asian CRC populations found no 
association between the prevalence of KRAS mutations 
and various clinicopathological parameters, including 
the gender and age of patients as well as tumor location, 
histological type and differentiation (Nakanishi et al., 
2013; Zlobec et al., 2010; Chaiyapan et al., 2013) also we 
did not any logical relationship between KRAS mutations 
with age, sex, tumor location, site of metastasis, king of 
pathology, grade, vital statues and lymph node, margin, 
vascular involvement.

Our study was relatively similar to other studies. 
KRAS statues can help to treat patients more efficientlyand 
increase the survival of patients withmetastatic CRC. 
Moreover,more Kurdish people due to economic problems 
are not able to do this valuable genetic test. In final, we 

Table 2. Nucleotide Changes in Codon 12 or 13 KRAS Gene

Number Age Sex Site of Primary Codon 12 Amenoacid Codon 13 Amenoacid
Exchange Exchange

1 22 Male Rectum GGT g GTT GLYg VAL
2 34 Male Rectosigmoid GGT g GAT GLY g ASP
3 35 Female Rectum
4 37 Male Rectosigmoid
5 37 Male Rectosigmoid GGT g GTT GLY g VAL
6 38 Male Rectosigmoid GGT g AGT GLY g SER
7 38 Male Rectosigmoid
8 40 Male Rectum GGT g GAT GLY g ASP
9 43 Male Rectum
10 45 Male Sigmoid
11 45 Female Sigmoid GGT g UGC GLY g CYS
12 45 Male Rectosigmoid
13 45 Male Rectosigmoid
14 47 Female Rectum
15 49 Male Sigmoid
16 49 Male Rectosigmoid
17 51 Male Rectosigmoid
18 52 Male Rectum
19 57 Male Rectum
20 57 Female Rectum
21 58 Male Rectum GGT g GTT GLY g VAL
22 59 Male Rectosigmoid
23 59 Male Rectum
24 60 Male Sigmoid
25 62 Female Rectum GGC g GAC GLY g ASP
26 62 Male Rectum
27 64 Male Rectum
28 64 Male Rectum
29 65 Male Transverse GGT g GAT GLY g ASP
30 65 Female Ascending GGT g GAT GLY g ASP
31 68 Female Rectum
32 71 Male Rectosigmoid GGT g GAT GLY g ASP
33 76 Male Sigmoid
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need the more careful research of KRAS oncogene at the 
molecular level in the young population.
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