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Abstract
The aim of this study was to investigate the frequency and spectrum of KRAS mutations in men and women with colorectal 

cancer (CRC), and an impact of KRAS-mutation status on the clinical and morphological features of CRC. The study included 303 
patients (168/55.4% women and 135/44.6% men) with CRC T2-4N0-2M0-1. We defined 7 KRAS SNP-mutations (G12D, G12A, 
G12R, G12C, G12S, G12V and G13D) located within codons 12 and 13 using Bio-Rad real-time thermal cyclers CFX96 and 
Real-Time-PCR- KRAS-7M Kit. The frequency of KRAS mutations was 35.6% in the CRC patients with a predominant presence 
of G>A transitions. The KRAS codon 12 and 13 mutations are predictive of poor prognosis The KRAS-mutated CRC has clinical 
features in view of the gender differences. KRAS-mutation status is a promising predictive biomarker of personalized treatment.
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Introduction
Colorectal cancer (CRC) is one of the most common 

cancers worldwide [1]. This localization of a malignant 
tumor is a prime example of the successful application of 
the fundamental advances in clinical practice [2]. In the last 
decade, significant improvements have been made in response 
rates, progression-free survival, and overall survival [3-6]. 
These significant improvements are mainly a result of the 
development of new combinations of standard chemotherapy 
and also new therapeutic agents targeting molecular events 
involved in colorectal carcinogenesis. 

One of the most promising targets is the epidermal 
growth factor receptor (EGFR), which is activated in 
colorectal carcinogenesis by the binding of a ligand on the 
extracellular part of it [7]. With the emergence of two anti-
eEGFR-targeted antibodies, cetuximab and panitumumab, 
the treatment of metastatic colorectal cancer has entered into 
the era of personalized treatment. However, EGFR, the target 
of these drugs, which is over expressed in approximately 
80% of colorectal carcinomas, failed to predict a therapeutic 
response when used clinically [8,9]. Therefore, downstream 
signaling effectors were sought to help predict the efficacy of 

anti-EGFR treatment.
 KRAS is a small G protein that acts as a transducer in 

the EGFR pathway. KRAS is a membrane-anchored guanosine 
triphosphate/guanosine diphosphate (GTP/GDP)-binding 
protein and is widely expressed in most human cells. As a 
small GTPase (GTP cleaving enzyme), KRAS is involved in 
intracellular signal transduction and mainly responsible for 
EGFR-signaling activation [10]. The exchange of the active 
GTP-bound state and the inactive GDP-bound state is tightly 
controlled by GTPase-activating proteins (GAPs) and guanine 
nucleotide exchange factors [11]. Under normal physiological 
conditions, upstream signals activate wild-type KRAS by 
promoting the exchange of bound GDP for GTP. This process 
is transient because of GAP-mediated GTP hydrolysis. 
However, this process becomes altered when the KRAS gene 
is mutated. When there is a point mutation in codon 12 [12], 
the protein is locked in the active state and constitutively 
transmits to the nucleus mitogenic signals.

Mutant KRAS is found in about 35%-45% of CRCs [13-
15], and codon 12 and 13 are two hotspots, which account 
for about 95% of all mutation types, with approximately 80% 
occurring in codon 12 and 15% in codon 13. KRAS mutations 
are almost single nucleotide point mutations as reported, and 
the most common patterns are G12D, G12A, G12R, G12C, 
G12S, G12V and G13D. In the codon 12 mutation, p.G12D, 
pG12V is the most frequent, and in codon 13, the substitution 
of glycine for aspartate (p.G13D) is the most frequent [16]. 
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These mutations impair the intrinsic GTPase activity of 
KRAS and prevent GAPs from promoting GTP hydrolysis 
by KRAS, therefore causing KRAS proteins to accumulate in 
the GTP-bound, active form. In this manner, mutant KRAS 
results in a constitutively active GTP-bound state and the 
activation of downstream pro-proliferative signaling pathways 
[17, 18]. Therefore, KRAS mutations play a critical role in 
human tumorigenesis and are the most prevalent in colorectal 
cancer. Because KRAS is the most frequently mutated factor 
downstream of the EGFR signaling pathway, it was considered 
a candidate molecular biomarker for anti-EGFR therapy 
[19]. At the same time the associations between KRAS-
mutation status and the clinical, morphological, and biological 
characteristics of CRC, as well as gender differences, are 
unclear [20,21].

The aim of this study was to investigate the frequency 
and spectrum of KRAS mutations in men and women with 
CRC, and an impact of KRAS-mutation status on the clinical 
and morphological features of CRC.

Material and Methods
The study included 303 patients (168/55.4% women 

and 135/44.6% men) with CRC T2-4N0-2M0-1 treated in the 
Rostov Cancer Research Institute between 2011and 2014. The 
age distribution was as follows: the age group under 45 years 
included 26(8.6%) patients, the 45-to-54 age group included 
54(17.8%) patients, the 55-to-64 age group 131(43.2%) 
patients, and age group over 65 years included 92(30.4%) 
patients. 

The tumor was located in the ampullar part and anal 
canal of the rectum in 127(41.9%) patients, in the rectosigmoid 
part of the rectum in 97(32.0%) patients, in the left side of 
the descending colon in 30(9.9%) patients, and in the right 
side of the descending colon in 49(16.2%) patients. In all 
patients, histologically, the tumor was characterized as an 
adenocarcinoma of varying degrees of differentiation (G2 
in 266/87.8% patients, G3 in 29/9.6% patients, and G1 in 
8/2.6% patients). We revealed the following T-stages of CRC: 
T4-stage in 158(52.1%) patients, T3-stage in 80(26.4%), T2-
stage in 63(20.8%), and T1-stage in 2(0.7%) patients. All the 
patients underwent the cytoreductive and radical surgery.

DNA was extracted from paraffin-embedded, formalin-
fixed tumor tissue using a QIAamp® DNA FFPE Tissue 
Kit (QIAGENE, Germany) according to the manufacturer’s 
protocol. The concentration of the extracted DNA was 
measured by a Qubit 2.0® Fluorometer using Quant-iT ™ 
dsDNA Kit. The concentration of DNA was normalized to a 
value of 1 ng/ml.

We defined 7 KRAS SNP-mutations (G12D, G12A, 
G12R, G12C, G12S, G12V and G13D) located within codons 
12 and 13 using Bio-Rad real-time thermal cyclers CFX96 and 
Real-Time-PCR- KRAS-7M Kit. 

Results were statistically processed using the software 
package Statistica 8.0 and the Excel package of Microsoft 
Excel 2010. We used the Chi-square test to compare observed 
data. A probability value of P<0.05 was considered statistically 
significant.

Results and Discussion
KRAS codon 12 and 13 mutations were detected in 

108(35.6%) patients, which is consistent with other studies 
[20]. KRAS-mutated CRC was identified in 65(60.2%) 
women and in 43(39.8%) men (Table 1). 

Among patients with KRAS-mutated CRC, the age 
distribution was as follows: the age group under 45 years 
included 11(10.2%) patients, the 45-to-54 age group included 
8(7.4%) patients, the 55-to-64 age group 48(44.4%) patients, 
and age group over 65 years included 41(38.0%) patients. The 
tumor was located in the ampullar part and anal canal of the 
rectum in 45(41.7%) patients, in the rectosigmoid part of the 
rectum in 32(29.6%) patients, in the left side of the descending 
colon in 14(13.0%) patients, and in the right side of the 
descending colon in 17(15.7%) patients. The postoperative 
histological study found that a moderately differentiated 
adenocarcinoma was predominant in patients (96/88.9%) with 
KRAS-mutated CRC. Poorly differentiated adenocarcinoma 
was found in 10(9.3%) patients and well differentiated 
adenocarcinoma only in 2(1.8%) patients. In patients with 
KRAS-mutated CRC, we revealed the following T-stages of 
CRC: T4-stage in 64(59.3%) patients, T3-stage in 30(27.8%), 
T2-stage in 13(12.0%), and T1-stage in 1(0.9%) patients.

G>A transitions (G12S, G12D, and G13D mutations) 
were detected in 67(62.0%) patients. This type of mutation 
was found in 40(59.7%) women and 27(40.3%) men. The 
age distribution was as follows: the age group under 45 years 
included 7(10.4%) patients, the 45-to-54 age group included 
6(8.9%) patients, the 55-to-64 age group 31(46.3%) patients, 

Table 1.
Clinical and morphological features of CRC in patients with KRAS 
codon 12 and 13 mutations

Features Women (n=65) Men (n=43)

Age distribution
under 45 years 
45-to-54 years
55-to-64 years
over 65 years

10 (15.3%)
5 (7.7%)

25 (38.5%)
25 (38.5%)

1 (2.3%)*
3 (7.0%)

23 (53.5%)*
16 (37.2%)

Localization of tumor
rectum
rectosigmoid area 
the left side of the DC 
the  right side of the DC

31 (47.7%)
18 (27.7%)
8 (12.3%)
8 (12.3%)

14 (32.6%)*
14 (32.6%)
6 (14.0%)
9 (20.8%)

Histology:
G1 adenocarcinoma 
G2 adenocarcinoma 
G3 adenocarcinoma

2 (3.0%)
56 (86.2%)
7 (10.8%)

-
40 (93.0%)
3 (7.0%)

T-stage
2 
3 
4 

11 (16.9%)
18 (27.7%)
36 (55.4%)

2 (4.7%)
12 (27.9%)
28 (65.1%)*

KRAS mutation
G>A transitions 
G>T transversions 
G>C transversions

40 (61.5%)
13 (20.0%)
12 (18.5%)

27 (62.8%)
8 (18.6%)
8 (18.6%)

Note:  DC- descending colon; * - P˂0.05 between groups. 
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and age group over 65 years included 23(34.4%) patients. The 
tumor was located in the ampullar part and anal canal of the 
rectum in 28(41.8%) patients, in the rectosigmoid part of the 
rectum in 15(22.4%) patients, in the left side of the descending 
colon in 9(13.4%) patients, and in the right side of the 
descending colon in 15(22.4%) patients. Histologically, G>A 
transitions were associated with a moderately differentiated 
adenocarcinoma in 56(83.6%) cases. Poorly differentiated 
adenocarcinoma was found in 9(13.4%) patients and well 
differentiated adenocarcinoma only in 2(3.0%) patients. In 
patients with G>A transitions, we revealed the following 
T-stages of CRC: T4-stage in 37(55.2%) patients, T3-stage in 
20(29.9%), and T2-stage in 10(14.9%).

G>T transversions (G12V and G12C mutations) were 
detected in 21(19.4%) patients. This type of mutation was 
found in 13(61.9%) women and 8(38.1%) men. The age 
distribution was as follows: the age group under 45 years 
included 2(9.5%) patients, the 45-to-54 age group included 
2(9.5%) patients, the 55-to-64 age group 8(38.1%) patients, 
and age group over 65 years included 9(42.9%) patients. 
The tumor was located in the ampullar part and anal canal 
of the rectum in 6(28.6%) patients, in the rectosigmoid part 
of the rectum in 10(47.6%) patients, in the left side of the 
descending colon in 4(19.0%) patients, and in the right side 
of the descending colon in 1(4.8%) patients. Histologically, 
G>T transversions were associated with a moderately 
differentiated adenocarcinoma in 20(95.2%) cases. Poorly 
differentiated adenocarcinoma was found in 1(4.8%) patients; 
well differentiated adenocarcinoma was not found. In patients 
with G>T transversions, we revealed the following T-stages of 
CRC: T4-stage in 16(76.2%) patients, T3-stage in 4(19.0%), 
and T2-stage in 1(4.8%).

G>C transversions (G12A and G12R mutation) were 
detected in 20(18.6%) patients.  This type of mutation was 
found in 12(60.0%) women and 8(40.0%) men. The age 
distribution was as follows: the age group under 45 years 
included 2(10.0%) patients, the 55-to-64 age group 9(45.5%) 
patients, and age group over 65 years included 9(45.5%) 
patients. The tumor was located in the ampullar part and anal 
canal of the rectum in 11(55.0%) patients, in the rectosigmoid 
part of the rectum in 7(35.0%) patients, in the left side of the 
descending colon in 1(5.0%) patients, and in the right side 
of the descending colon in 1(5.0%) patients. Histologically, 
G>C transversions were associated with a moderately 
differentiated adenocarcinoma in 19(95.0%) cases. Poorly 
differentiated adenocarcinoma was found in 1(5.0%) patients; 
well differentiated adenocarcinoma was not found. In patients 
with G>C transversions, we revealed the following T-stages of 
CRC: T4-stage in 12(60.0%) patients, T3-stage in 6(30.0%), 
T2-stage in 2(10.0%).

KRAS codon 12 and 13 mutations were not detected 
in 195(64.4%) patient. KRAS-wild-type CRC was found in 
103(52.8%) women and 92(47.2%) men. In patients with 
KRAS-wild-type CRC, the age distribution was as follows: 
the age group under 45 years included 15(7.7%) patients, 
the 45-to-54 age group included 46(23.6%) patients, the 55-
to-64 age group 83(42.6%) patients, and age group over 65 
years included 51(26.1%) patients. The tumor was located in 

the ampullar part and anal canal of the rectum in 82(42.1%) 
patients, in the rectosigmoid part of the rectum in 65(33.3%) 
patients, in the left side of the descending colon in 16(8.2%) 
patients, and in the right side of the descending colon in 
32(16.4%) patients. Histologically, KRAS-wild-type CRC was 
associated with a moderately differentiated adenocarcinoma 
in 170(87.2%) cases. Poorly differentiated adenocarcinoma 
was found in 19(9.7%) patients, well differentiated 
adenocarcinoma in 6(3.1%) patients. In patients with KRAS-
wild-type CRC, we revealed the following T-stages of CRC: 
T4-stage in 99(50.8%) patients, T3-stage in 45(23.1%), T2-
stage in 50(25.7%), and T1-stage in 1(0.4%).

Results of the analysis of clinical and morphological 
features of CRC based on gender differences are shown in 
Tables 2 and 3. 

Among the 168 women with CRC, KRAS codon 12 
and 13 mutations were detected in 65(38.7%) patients. Most 
women with KRAS-mutated CRC were over 55 years of age. 
Among the KRAS codon 12 and 13 mutations in the CRC 
women, G>A transitions were predominated (40/61.5% 
of patients). G>T and G>C transversions were detected in 
13(20.0%) and 12(18.5%) women, respectively. Among the 
168 CRC women, the KRAS-wild-type CRCs were observed 
in 103(61.3%) patients.

Among the 135 men with CRC, KRAS codon 12 and 
13 mutations were detected in 43(31.9%) patients. Most men 
with KRAS-mutated CRC were over 55 years of age. Among 
the KRAS codon 12 and 13 mutations in the CRC men, 
G>A transitions were predominated (27/62.8% of patients). 
G>T and G>C transversions were detected in 8(18.6%) and 
8(18.6%) men, respectively. Among the 168 CRC women, the 
KRAS-wild-type CRCs were observed in 92(68.1%) patients.

Table 2.
Clinical and morphological features of CRC in women with KRAS 
codon 12 and 13 mutations

Features
G>A 

transitions 
(n=40)

G>T 
transversions
(n=13)

G>C 
transversions 

(n=12)

Age distribution
under 45 years 
45-to-54 years
55-to-64 years
over 65 years

6 (15.0%) 
3 (7.5%) 

15 (37.5%)
16 (40.0%)

2 (15.4%)
2 (15.4%)
5 (38.5%)
4 (30.7%)

2 (6.6%)
-

5 (41.7%)
5 (41.7%)

Localization of tumor
rectum
rectosigmoid area 
the left side of the DC 
the  right side of the DC

19 (47.5%
7 (17.5%)
6 (15.0%)
8 (20.0%)

5 (38.5%)
6 (46.1%)
2 (15.4%)

-

6 (50.0%)
6 (50.0%)

-
-

Histology:
G1 adenocarcinoma 
G2 adenocarcinoma 
G3 adenocarcinoma

2 (5.0%)
31(77.5%)
7 (17.5%)

-
13 (100%)

-

-
12 (100%) 

-

T-stage
2 
3 
4 

9 (22.5%)
12 (30.0%)
19 (47.5%)

-
3 (23.1%)
10 (76.9%)

2 (16.7%)
3 (25.0%)
7 (58.3%)
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Our study showed no difference in the frequency of 
the KRAS codon 12 and 13 mutations in men (43/31.9%) 
and women (65/38.7%) with CRC. KRAS gene mutations 
were more common when a tumor was located in the rectum 
(P˂0.05). KRAS-mutated CRC was presented as a moderately 
differentiated adenocarcinoma in 96/88.9% of patients 
(P˂0.05) and characterized by a high degree of tumor spread. 
After surgery, T3-4 states were significantly predominant 
in the KRAS-mutated CRC than the KRAS-wild-type CRC 
(87.1% vs. 73.9%, P˂0.05). These data indicate a worsening 
prognosis in the CRC patients with KRAS codon 12 and 13 
mutations. In our study, among the KRAS codon 12 and 13 
mutations, G> A transitions were predominant (66.2%). We 
revealed some patterns of clinical manifestations depending 
on the mutation type. G>A transitions compared to other 
mutations were associated with tumor localization in the 
right side of the descending colon in a larger number of cases 
(P˂0.05). G>T transversions, compared to other mutations, 
were associated with tumor localization in the ampullar part 
in a larger number of cases and in the anal canal of rectum 
in fewer cases (P˂0.05). In contrast, G>C transversions were 
associated with a tumor localization in the rectum in 90% 
of cases (P˂0.05).  G>T transversions compared to other 
mutations were associated with T4-stage of CRC with the 
highest frequency (76.2%, P˂0.05).

Women with KRAS-mutated CRC compared to men 
were more often in the age group under 45 years (15.3 and 
2.3%, respectively) and less in the 55- to- 64 year age group 
(38.5 and 53.5%, respectively, P˂0.05). In women in the 
age group over 65 years compared to men, G>A transitions 
were more common (40% and 25.9%, respectively); on the 
contrary, G>T transversions were more rare (30.7 and 62.5%, 
respectively, P˂0.05). In women with KRAS-mutated CRC 

compared to men, tumor was often localized in the ampullar 
part and the anal canal of the rectum (47.7% and 32.6%, 
respectively, P˂0.05) that was associated with an increase 
in the number of G>A transitions and G>T transversions. In 
women with G>C transversions compared to men, tumor was 
detected only in the rectum (100% vs 75% patients, P˂0.05). 
G>T and G>C transversions in men compared to women 
were more often associated with the localization of tumor 
in the descending colon (37.5 and 25.0% vs. 15.4% and 0%, 
respectively, P˂0.05). In men with KRAS-mutated CRC, T4-
stage of CRC was diagnosed significantly more often in the 
background of the high frequency of G>A transitions.

Thus, the KRAS codon 12 and 13 mutations are more 
common in tumors with the rectum localization and T3-4 
stages of the disease. These mutations are predictive of poor 
prognosis. Identified patterns of CRC clinical manifestations 
according to gender and type of mutations allow to determine 
the potential biological behavior of CRC based on the 
assessment of the KRAS-mutation status and create the 
possibility for personalized approach to therapy and optimize 
an individual monitoring of patient condition.

Conclusions
 - The frequency of KRAS mutations was 35.6% in the CRC 
patients with a predominant presence of G>A transitions 
(62%). The KRAS codon 12 and 13 mutations were associated 
with the tumor localization in the rectum (71.3%) and a 
moderately differentiated adenocarcinoma (88.9%, P˂0.05). 
 - The KRAS codon 12 and 13 mutations are predictive of 
poor prognosis. The presence of these mutations compared to 
KRAS-wild-type CRC was significantly more associated with 
T3-4 stages of CRC. 
 - The KRAS-mutated CRC has clinical features in view of 
the gender differences. Women with KRAS-mutated CRC 
compared to men were more often in the age group under 45 
years (15.3 vs. 2.3%, P<0.05) and less in the 55-to-64 year 
age group (38.5 vs. 53.5%, P<0.05). In women with G>C 
transversions compared to men, tumor was detected only in 
the rectum (100% vs 75% patients, P˂0.05). G>T and G>C 
transversions in men compared to women were more often 
associated with the localization of tumor in the descending 
colon (37.5 and 25.0% vs. 15.4% and 0%, respectively, 
P˂0.05). In men with KRAS-mutated CRC, T4-stage of CRC 
was diagnosed significantly more often in the background of 
the high frequency of G>A transitions. 
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