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Abstract – Objective: KRAS and mismatch repair genes are two important molecular markers
used in determining prognosis and probability of response to the targeted therapy in patients with
colorectal cancer. In this study, the expression status of mismatch repair genes was investigated along
with mutation in KRAS gene, and clinicopathologic features were also evaluated in these tumors.
Patients and Methods: Clinical and pathological data were collected from 153 known cases of
colorectal adenocarcinoma. Expression status of mismatch repair genes was assessed using immunohistochemistry (IHC) technique. Mutation in codons 12 and 13 of KRAS gene was evaluated using
pyrosequencing technique. Relationship between clinical and pathologic features of the patients
with status of MMR and KRAS markers was also investigated.
Results: A total of 16.3% of tumors lacked expression at least in one of MLH1, MSH2, MSH6, and
PMS2 proteins. KRAS was found to be mutated in 37.9% of the patients. Tumors were classified into four
categories: dMMR + wild type KRAS (12.4%), dMMR + mutated KRAS (3.9%), pMMR + wild type KRAS
(49.6%), and pMMR + mutated KRAS (33.9%). The dMMR tumors mostly had features, such as female
gender, proximal location, mucinous production, increased number of lymph nodes, Signet ring cell, and
vascular invasion. Compared to pMMR + wild type tumors, pMMR + mutated KRAS tumors were more
associated with female gender, proximal location, mucinous component, and lymph node metastasis.
Conclusions: Results of this study indicated a relationship between MMR status and presence
of mutated KRAS with clinicopathologic features of colorectal tumors. Knowledge about these
markers along with pathological features can help us to predict metastatic progression and prognosis of the disease.
KEYWORDS: Clinicopathologic, MMR, KRAS, CRC.

INTRODUCTION
Colorectal cancer (CRC) is the second most common cancer in men and women, and the second
cause of cancer-related deaths in the world. In
2018, 1.8 million people were affected by CRC

and 880,000 people died from colorectal cancer
worldwide. In Iran, CRC is the second most common cancer and is the third cause of cancer-related deaths1. Like most other cancers, CRC is also
a heterogeneous disease, in which combination
of genetic, epigenetic, and environmental factors
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can lead to its development and progress. Molecular changes involved in tumor progression
cause genomic instability and thus accumulation
of somatic aberrations. Three main pathways
cause genome instability: microsatellite instability (MSI), chromosomal instability (CIN),
and CpG island methylator phenotype (CIMP)2.
While most cases of CRC arise through CIN,
about 15% of them select the MSI pathway3. MSI
is a marker of deficient DNA Mismatch Repair
system genes (dMMR). This system has two
sets of heterodimers such that, MLH1/PMS2
heterodimer identifies errors and MSH6/MSH2
heterodimer repairs these errors4. Deficiency in
MMR system occurs either through germline
mutations (Lynch syndrome [2-3% of all the
cases])5 or through hyper-methylation of MLH1
gene and consequently inactivation of this gene
in sporadic cases6.
As recommended in the latest revised version
Guideline of the National Comprehensive Cancer
Network (NCCN) in 2018, all the patients who
have recently been diagnosed with colorectal
cancer must be screened in terms of expression
status of MMR genes or through evaluating MSI
markers7. The dMMR colorectal tumors have distinctive clinical and pathological features including, arising in the proximal colon, poorly differentiation and lymphocytic infiltrate, and also they
have Signet ring or mucinous appearance. These
tumors have more favorable prognosis than proficient MMR tumors (pMMR)8.
Overexpression of Epidermal Growth Factor
Receptor (EGFR) in 60-80% of CRCs causes an
undesirable prognosis9. Targeting EGFR with
monoclonal antibodies (such as panitumumab
and cetuximab) in metastatic colorectal tumors
has progressively improved over past years. But
the patients with mutated KRAS do not benefit
from anti-EGFR therapy. Since mutation in this
gene causes continuous activation of RAS-RAFMEK-ERK signal pathway, it contributes to proliferation and metastasis10. About 40% of colorectal tumors have a somatic mutation in the KRAS
gene, of which 85% occurring at codons 12 and
13 of this gene11. Analysis of mutations in KRAS
gene is essential before anti-EGFR therapy. On
the other hand, mutation in this gene is associated
with manifestation of some clinical features in the
patients and pathological features in colorectal tumors and also KRAS status has prognostic value
in CRC12,13.
So far, many studies have been investigating
the relationship between mutated KRAS and
MMR status with clinicopathologic features separately. But only few studies have determined this
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relationship with both markers simultaneously.
In Iran, few studies have been performed in this
context; however, this issue requires further invetigations with more sample assessment. Thus, in
this study, at first, rate of mismatch repair defects
and KRAS mutation status were determined in
Qazvin city, Iran. Then the relationship between
these markers and clinicopathologic features of
the tumors was clarified and the way through
which mutation in KRAS and MMR genes can
influence prognosis in this population was also
investigated.
PATIENTS AND METHODS
Case Selection and Evaluation
of Clinicopathologic Features
The pathology of approximately 400 CRC tumors
resected in the Pathology Department of Velayat
Hospital, Qazvin University of Medical Sciences,
Qazvin Province, Iran between 2015 and 2018
was reviewed, and 153 samples were included in
the study considering exclusion criteria.
These criteria included: 1) patients having
age less than 20 and over than 95 years old. Most
patients were between 20 to 95 years old; however, a number of patients under 20 years and one
patient of 99 years were excluded from the study
due to scattering analysis results. 2) patients having synchronous CRCs, metachronous CRCs and
secondary tumors. Evidence has shown heterogeneity in the primary tumor of synchronous,
metachronous CRCs and also secondary tumors.
3) the lack of sufficient pathologic information in
the patients’ samples. After staining with H&E,
slides were reviewed by two experienced pathologists. All information including age, sex, tumor
location and size, number of lymph nodes, lymph
node metastasis, as well as pathological tumor
stage and TNM (tumor, nodes, and metastases)
stage was collected. The Union for International Cancer Control (UICC) system was used for
TNM staging14. Differentiation of tumors was
classified as well, moderate, poor, and mucinous.
Mucinous tumor refers to a tumor displaying
extracellular mucin in more than 50% of tumor
volume.
Ethics Approval
Ethics approval was obtained from the Ethics
Committee of Qazvin University of Medical Sciences (IR.Qums.REC.1396.389).
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Evaluation of MMR Proteins
A paraffin block from each tumor fixed with formalin was selected to evaluate MMR status in the
patients, and these blocks were assessed by immunohistochemical test for MLH1 (clone: B-12, code:
sc-271978, Santa Cruz Biotechnology Inc., Dallas,
TX, USA), PMS2 (clone: B-3, code: sc-25315, Santa
Cruz Biotechnology Inc., Dallas, TX, USA), MSH6
(clone: E-8, code: sc-137015, Santa Cruz Biotechnology Inc., Dallas, TX, USA), and MSH2 (clone:
D-6, code: sc-376384, Santa Cruz Biotechnology
Inc., Dallas, TX, USA) commercial antibodies.
Blocks were sectioned at 4 µm and sections were
mounted on poly-L-lysine slides. Antigen retrieval
was performed using Tris-EDTA buffer at a pH level
of 9 at 97°C for 20 min. After cooling, blocking of
endogenous peroxidases was performed using H2O2
0.3% solution. Blocking solution (POLHRP-006,
Zytomed Systems GmbH, Berlin, Germany) was
used to block non-specific sites and then they were
incubated for 1 h at room temperature using primary

antibody with 1:500 dilution. After washing in phosphate-buffered saline (PBS) 1X, samples were incubated using the ZytoChem plus HRP Polymer Kit
(POLHRP-006, Zytomed Systems GmbH, Berlin,
Germany) system according to the manufacturer’s
instructions followed by Dab staining. Then, slides
were counterstained using H&E. Immunohistochemistry (IHC) results were interpreted by the pathologist. Normal epithelial and stromal cells were
considered as positive internal control, and tonsillar
cells were considered as positive external control.
Only tumors with valid positive control were interpreted and samples whose their control became negative were repeated15.
Tumors were interpreted as negative in case of
the absence of nuclear staining in tumor cells with
positive nuclear staining in internal control cells.
When a tumor represented an intact immunohistochemical expression of all the four mismatch repair
proteins then, it served as pMMR and when, loss
of expression was detected in at least one MMR
protein, it was considered as dMMR (Figure 1)16.

Fig. 1. The immunohistochemical results for mismatch repair antibodies. A, Tonsil’s tissue staining with PMS2 antibody as
external control. B, D, F, H, positive immunoexpression for PMS2, MLH1, MSH6 and MSH2, respectively. C, E, G, I, Negative
expression for PMS2, MLH1, MSH6 and MSH2, respectively, that were indicative of dMMR status.
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KRAS Mutation Analysis

RESULTS

DNA extraction from FFPE samples was carried
out to investigate mutation in KRAS gene. For this
purpose, the area of pure tumor cells on slides was
dissected. Deparaffinization was performed using
two changes of xylene followed by washing process
with absolute alcohol to remove xylene. DNA extraction was performed using QIAamp DNA FFPE
Tissue Kit (Qiagen, Hilden, Germany)® according
to the manufacturer’s instructions. DNA concentration was measured by a Nano-drop machine.
KRAS mutation analysis was performed by
pyrosequencing and Q48 Autoprep® PyroMark
(Qiagen, Hilden, Germany). PCR was first performed using PyroMark PCR kit (Qiagen, Hilden,
Germany) and F: TGATAGTGTATTAACCTTATGTGTG and R: biotin-TGATTCTGAATTAGCTGTATCGT primers to investigate mutation
in codons 12 and 13 of exon 2 in KRAS gene.
PCR was performed through initial denaturation
at 95°C for 15 min, followed by 45 cycles at 95°C
for 30 s, 59°C for 60 s and 72°C for 30 s, and a final extension at 72°C for 10 min. PCR product was
studied on 1% agarose gel and 163 bp band was
observed. Ten µl of PCR product was used for sequencing using PyroMark® Q48 Autoprep by PyroMark Q48 Advanced Kit of Reagents (Qiagen,
Hilden, Germany) according to the manufacturer’s instructions. TGTGGTAGTTGGAGCT sequence primer was used to identify G12S, G12R,
G12C, G12D, G12A, and G13D variants and TGTGGTAGTTGGAGCTG primer was employed to
identify G12V variant. The WHO 1st International
Reference Panel for genomic KRAS codons 12
and 13 mutations (NIBSC code: 16/250) was used
to confirm accuracy and sensitivity of pyrosequencing. Dilutions of 5, 10, 25, and 50% of this
standard were prepared and sensitivity of pyrosequencing method was determined to be 5%.

Characteristics and Clinical Outcomes
of the Patients
Among 153 patients with colorectal adenocarcinoma, 62 patients were female and 91 of them
were male, with an age range of 23-91 years old
(a mean age of 59.6 years old). Size of tumors
ranged from 0.4 to 39 cm and mean size of them
was equal to 6.42 cm. Table 1 presents a summary of tumor classification in terms of tumor site,
differentiation, mucinous component, Signet ring
cell, tumor stage, lymph node metastasis, vascular invasion, and perineural invasion.
IHC testing was performed for all cases, according to which, totally, 25 patients (16.3%,
25/153) did not express at least one of mismatch
repair proteins. Among them, 12 (48%) patients
had shown no expression for PMS2 + MLH1; 5
(20%) patients for MSH6 + MSH2, 6 (24%) patients for PMS2, 1 (4%) patient for MSH6 alone,
and also 1 (4%) patient had loss of expression for
MSH2 + MSH6 + PMS2 proteins (Figure 2).
All the patients were evaluated for mutation in
KRAS gene using pyrosequencing method (Figure
3). Mutation was observed in codons 12 and 13 in 58
(37.9%) patients among them, 86.3% had mutation in
codon 12: G12R (1.7%), G12C (10%), G12D (37.9%),
G12A (3%), G12S (8.6%), and G12V (24.1%), and
13.7% had mutation in codon 13 (G13D).
The relationship between clinical and pathologic features of the patients with MMR genes҆ status
and mutation in KRAS gene was investigated separately, and the results are presented in Table 1.

Statistical Analysis
Pearson χ2 -test and Fishers҆ exact test were used
to investigate the relationship between clinicopathologic features and KRAS gene status as well
as expression status of mismatch repair proteins.
Mann-Whitney U test was used to compare mean
age, tumor size, and number of lymph nodes. Logistic regression analysis was also used for further classification and investigating the factors
that are significantly associated with status of molecular markers. A p-value of <0.05 was considered as statistically significant. Data analysis was
performed using SPSS software version 16 (SPSS
Inc., Chicago, IL, USA).
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Fig. 2. The distribution of the cases with deficient mismatch
repair genes and their togetherness.
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Fig. 3. Pyrosequencing
result of the most common mutation in KRAS
exon2.

There was no significant relationship between mean
age and dMMR (p = 0.96). There was no significant difference in mean tumor size between dMMR
(7.84 cm) and pMMR cases (6.15 cm) (p = 0.057).
Among 25 patients with MMR deficiency, 15 (60%)
patients were female and 10 (40%) of them were
male (p = 0.03). The dMMR tumors were mostly
located in proximal colon (16-64%), while only 4 tumors (16%) were in distal colon and 5 tumors (20%)
were in rectum (p = 0.001). Also, these tumors were
more poorly differentiated and all mucinous adenocarcinomas had deficiency in expression of at least
one of MMR proteins (p = 0.0001). Also, among 25
dMMR tumors, 17 tumors (68%) contained mucinous component and only 8 tumors (32%) lacked it
(p ≤ 0.0001). There was no significant relationship
between dMMR with pT, pN, and TNM stages (p
= 0.41, p = 0.29 and p = 0.75, respectively). All the
tumors containing Signet ring cell had deficiency in MMR (p ≤ 0.0001). Mean number of lymph
nodes was significantly higher in dMMR tumors
than pMMR tumors (p = 0.002). While, there was
a significant relationship between dMMR status in
tumors and lymphovascular and angiovascular invasion (p = 0.022 and p = 0.001, respectively), but there
was no relationship between dMMR and perineural
invasion.
In terms of KRAS status, there was also no
relationship between mean age of the patients and
tumor size with mutated KRAS (p = 0.75 and p =
0.7, respectively). Mutated KRAS was observed
more in females than males (51.7% vs. 48.3%, p
= 0.027). Compared to wild-type KRAS, mutated
KRAS was significantly associated with mucinous adenocarcinoma (p = 0.04), proximal loca-

tion (p = 0.0001), and lymph node metastasis (p =
0.003). In addition, mucinous component was observed more frequently in the mutated KRAS (p
= 0.02). No significant relationship was observed
between other pathological features, such as the
presence of Signet ring cell, pT stage, number of
lymph node, vascular and perineural invasion (p
= 0.81, p = 0.157, p = 0.744, p = 0.2, p = 0.55, respectively) and mutation in KRAS. However, tumors with mutated KRAS were more frequent in
stage III-IV (p < 0.0001).
Clinical and pathologic characteristics of
the patients and their tumors were assessed by
considering status of both markers. Accordingly, patients were classified into four categories: pMMR + mutant KRAS, dMMR + mutant
KRAS, pMMR + wild type KRAS and dMMR
+ wild type KRAS. Among patients with the
mutated KRAS, 52 patients (33.9% of all the patients) had pMMR tumors and 6 patients (3.9%)
had dMMR tumors. Also, 76 (49.6%) patients
with wild-type KRAS had pMMR tumors and
19 (12.4%) patients had dMMR tumors. Comparison of all the four groups simultaneously
showed a significant relationship between sex
(mutated KRAS + dMMR tumors mostly occurred in females, p = 0.01), tumor location
(dMMR tumors in both mutant and wild-type
KRAS modes were found more in proximal colon, p ≤ 0.0001), mucinous component (dMMR
tumors in both mutant and wild KRAS modes
mostly contained mucinous component, p ≤
0.0001), lymph node metastasis (dMMR + mutant KRAS tumors were at higher N stage p =
0.008), TNM stage (mutant KRAS + dMMR/
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TABLE 1. Relationship between clinicopathological features of tumors with mismatch repair genes and KRAS status.
Clinicopathologic
Feature

All
pMMR
dMMR
p-value
Mutant
Wild
p-value
(%)
(%)
(%)
(pMMR vs. KRAS (%) KRAS (%) (KRAS
(n=153)
(n=128)
(n=25)
dMMR)
(n=58)
(n=95)
mut vs.
							
KRAS wt)
Age (range)

59.69*(23-91) 59.66 (23-91) 59.80 (31-79)

0.96

59.24 (23-91) 59.96 (26-88)

0.75

Size (cm)

6.42* (0.4-39) 6.15 (0.4-39)

0.057

6.59 (0.4-15)

6.33 (2-39)

0.7
0.027

7.84 (2-15)

Sex
   Female
   Male

62 (40.5)
91 (59.5)

47 (36.7)
81 (63.3)

15 (60)
0.03
10 (40)		

30 (51.7)
28 (48.3)

32 (33.7)
63 (66.3)

Tumor site
   Proximal colon
   Distal colon
   Rectum

54 (35.3)
77 (50.3)
22 (14.4)

38 (29.7)
73 (57)
17 (13.3)

16 (64)
0.001
4 (16)		
5 (20)		

31 (53.4)
18 (31)
9 (15.5)

23 (24.2) <0.0001
59 (62.1)			
13 (13.7)

Signet ring cell
  >50%
   <50%
   Absent

0
6 (3.9)
147 (96.1)

0
0
128 (100)

0
<0.0001
6 (24)		
19 (76)		

0
2 (3.4)
56 (96.6)

0
4 (4.2)
91 (95.8)

Mucinous component
   Absent
   Present

120 (78.4)
33 (21.6)

112 (87.5)
16 (12.5)

8 (32)
<0.0001
17 (68)		

40 (69)
18 (31)

pT stage
   PT1-2
   PT3-4

27 (17.6)
126 (82.4)

24 (18.8)
104 (81.2)

3 (12)
0.41
22 (88)		

7 (12.1)
51 (87.9)

20 (21.1)
75 (78.9)

0.157

pN stage
   PN0
   PN1-2

111 (72.5)
42 (27.5)

95 (74.2)
33 (25.8)

16 (64)
0.29
9 (36)		

34 (58.6)
24 (41.4)

77 (81.1)
18 (18.9)

0.003

TNM stage
   I-II
   III-IV

96 (62.7)
57 (37.3)

81 (63.3)
47 (36.7)

15 (60)
0.46
10 (40)		

26 (44.8)
32 (55.2)

70 (73.7)
25 (26.3)

<0.0001

5.91 (0-32)

5.54 (0-26)

0.744

Number of lymph node

9.52 (0-25)

0.002

0.81

80 (84.2)
0.02
15 (15.8)		

5.68* (0-32)

4.93 (0-32)

Differentiation
   Well
   Moderate
   Poor
   Mucinous

90 (58.8)
53 (34.6)
5 (3.3)
5 (3.3)

79 (61.7)
48 (37.5)
1 (0.8)
0

11 (44)
<0.0001
5 (20)		
4 (16)		
5 (20)		

28 (48.3)
25 (43.1)
1 (1.7)
4 (6.9)

62 (65.3)
28 (29.5)
4 (4.2)
1 (1.1)

0.04

Lymphovascular invasion
   Absent
   Present

124 (81)
29 (19)

108 (84.4)
20 (15.6)

16 (64)
0.022
9 (36)		

50 (86.2)
8 (13.8)

74 (77.9)
21 (22.1)

0.2

Perineural invasion
   Absent
   Present

125 (81.7)
28 (18.3)

107 (83.6)
21 (16.4)

18 (72)
0.17
7 (28)		

46 (79.3)
12 (20.7)

79 (83.2)
16 (16.8)

0.55

Angiovascular invasion
   Absent
   Present

122 (79.7)
31 (20.3)

109 (85.2)
19 (14.8)

13 (52)
0.001
12 (48)		

45 (77.6)
13 (22.4)

77 (81.1)
18 (18.9)

0.6

*mean.

pMMR tumors were at a higher stage p = 0.01),
and differentiation (most of mucinous adenocarcinomas were dMMR + mutants KRAS, p ≤
0.0001). Angiovascular and lymphovascular invasion were also observed in dMMR+ wild type
KRAS tumors ( p = 0.002 and p = 0.08, respectively). Comparison of other clinicopathologic
features in these four groups showed no significant relationship. Figure 4 shows distribution of
clinicopathologic characteristics with respect
to MMR status and KRAS mutation status.
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Table 2 presents the results obtained from
comparison of clinicopathologic features using
logistic regression analysis in the pMMR + mutated KRAS group compared to pMMR + wild type
KRAS group. Results of this analysis showed
that pMMR + mutated KRAS tumors were found
more in females (p = 0.02), at proximal colon (p <
0.0001), and had mucinous component (p = 0.005),
metastasis of lymph node (p = 0.006), higher histologic grade, and TNM stage (p = 0.043 and p =
0.002, respectively).
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Fig. 4. Clinical and pathological features of tumors according to MMR status and KRAS mutation status.
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TABLE 2. Univariate logistic regression model relationship between KRAS mutation status and MMR status.
Clinicopathologic
Feature

OR (95%)

p-value

Female (vs. male)

2.4 (1.14 to 5.03)

0.02

Proximal (vs. distal)

6 (2.55 to 14.08)

<0.0001

Proximal (vs. rectum)

2.85 (0.88 to 9.23)

0.079

Mucinous component (vs. non-mucinous)

5.61 (1.69 to 18.57)

0.005

Lymphovascular invasion (vs. no invasion)

0.6 (0.21 to 1.68)

0.33

Angiovascular invasion (vs. no invasion)

1.43 (0.53 to 3.82)

0.46

pN 1-2 (vs. pN 0)

3.17 (1.4 to 7.2)

0.006

pT 3-4 (vs. pT 1-2)

0.56 (0.21 to 1.47)

0.24

TNM III-IV (vs. TNM I-II)

3.2 (1.5 to 6.78)

0.002

Low grade (vs. moderate to high grade)

0.47 (0.22 to 0.97)

0.043

DISCUSSION
Investigating the status of molecular markers in
CRC, such as mismatch repair genes and KRAS,
plays a key role in determining disease prognosis
and risk stratification of the patients17-19. Also, determining the status of these genes is a key step
in predicting the likelihood of responding to some
targeted therapy drugs, such as cetuximab (in
wild-type KRAS tumors) and pembrolizumab (in
dMMR tumors)20,21. Recent studies have shown
that dMMR tumors have unique clinicopathologic features compared to pMMR tumors. Most of
them contain mucinous component, signet ring
cell, lymph node metastasis, and are mostly in
proximal colon, and they can be found more in females than males22-24. Although, these tumors are
poorly differentiated, they have better prognosis
than pMMR tumors25.
In this study, rate of deficient MMR tumors
was 16.3%, which was consistent with other previous reports22,26,27. Also, rate of dMMR tumors
has been reported as 1428, 10.529, and 10.8%30, respectively, in other previous studies on the Iranian
patients with CRC. MMR status was determined
using IHC technique. Studies have shown that
the results of PCR-based MSI testing are highly
consistent with those of IHC testing from MMR
proteins, and it is a cost-effective, fast, and highly
sensitive method31.
72% of MMR deficiency was related to PMS2
and MLH1 genes and 24% of it was related to
MSH6 and MSH2 genes, and also in one case,
no expression was found in the three proteins
of PMS2, MSH6, and MSH2. There was no significant difference between mean age of the patients with dMMR and also mean tumor size of
the patients with pMMR. In this study, dMMR
tumors were detected more in women than men
8

pMMR +Mutant KRAS

and were much more frequent in proximal colon
than distal colon and rectum. All the mucinous
adenocarcinomas were of dMMR type and also
dMMR tumors had poor differentiation. In contrast to some other studies, no relationship was
found between pT and pN stages with dMMR 26,32;
nonetheless, mean number of lymph nodes present in tumor was notably higher in dMMR tumors than pMMR tumors. Lymphovascular and
angiovascular invasion were observed more frequently in dMMR tumors.
Since both mutation statuses in KRAS gene
and expression status of mismatch repair genes
have important role in prognosis and survival of
the disease, and determining status of these markers is imperative in all the patients with CRC, and
as mutation in these genes occurs in early stages
of the tumor33,34, both factors were evaluated simultaneously in all the colorectal adenocarcinoma tumors at each TNM stage. Evaluating KRAS
gene mutation was performed by pyrosequencing
method.
In this study, 47% of tumors were found to
harbor mutation in KRAS gene, and the most
mutation was detected in G12D and G12V codons (62%) and mutation rate in G13D codon was
13.7%. But it was higher than other Iranian populations investigated in other studies35-37. Given
slightly higher mutation rate of KRAS gene in
this population, this issue requires further investigations in a larger population.
In this study, tumors containing mutation in
KRAS gene were found predominantly in women
and at proximal colon, contained mucinous component and were at PN0 stage. The relationship
between mutation in KRAS gene and clinicopathologic features is controversial because in some
studies, a significant relationship has been stated
between sex, age, tumor location, mucinous pro-
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duction, and stage with mutation in KRAS, but in
some studies, no association has been identified in
this regard37-40.
When both KRAS and MMR molecular markers were evaluated simultaneously, the four categories of wild-type KRAS + pMMR, mutated
KRAS + pMMR, wild-type KRAS + dMMR,
and mutated KRAS + dMMR were created with
a frequency of 49.6, 33.9, 12.4, and 3.9%, respectively. Among dMMR tumors, 76% were associated with wild type KRAS and only 24% of them
represented a mutation in one of codons of KRAS
gene suggesting that the presence of KRAS mutation is inversely correlated with prevalence of
dMMR status. According to the previous studies, most dMMR tumors tend to have mutation in
BRAF gene 41 and also mutation in KRAS and
BRAF genes is mutually exclusive42. Therefore,
mutation in KRAS gene is more likely to happen
in pMMR tumors than dMMR tumors. Many
studies have also demonstrated that tumors with
wild type KRAS and MSI status have the most favorable prognosis and those with mutated KRAS
and MSS phenotype have poorer survival after
diagnosis32,35.
In some studies, no clear relationship has been
reported between clinicopathologic features and
mutated KRAS in dMMR tumors26, whereas in
this study, there was a strong association between
some of these features with mutated KRAS with
respect to status of MMR genes.
Most of the tumors with mutated KRAS were
found in females and status of MMR genes had no
effect on this issue. In other studies, with Iranian
patients, no association has been found between
KRAS and sex 43,44. Therefore, this issue needs to
be further investigated.
As expected, regardless of mutation status in
KRAS gene, dMMR tumors were more frequent in
proximal colon (64%), pMMR tumors were mostly
in distal colon (57%); nevertheless pMMR + mutated KRAS tumors (51.2%) were mostly present
in proximal colon compared to pMMR + wild type
KRAS tumors (14.5%). Recent studies have suggested that mutation in KRAS gene can occur in
CIMP tumors45 and also, we know that CIMP tumors are found in proximal colon, thus the presence
of tumors with mutated KRAS in proximal colon
is justifiable, which is consistent with our finding.
Our results showed that regardless of KRAS
status, dMMR tumors are consistently associated
with mucinous histology. On the other hand, Signet ring cells were found only in dMMR tumors,
and when status of KRAS gene was evaluated in
these tumors, no association was found between
Signet ring cell and mutation in KRAS gene, and
these observations were completely consistent

with the previous studies showing that dMMR
tumors are strongly related to mucinous differentiation and Signet ring cells12,46.
In accordance with other published data,
dMMR tumors were not associated with lymph
node metastasis. But lymph node metastasis and
pTNM III-IV stage were significantly related to
mutated KRAS tumors with pMMR status, which
was consistent with the previous studies indicating that mutation in KRAS gene causes tumor cell
to progress and invade in pMMR tumors, as a result of which, more lymph node metastasis will
occur in this category of tumors47.
In summary, our results revealed that MMR
status stratified by KRAS mutation in the patients
with CRC demonstrates distinctive features. Along
with the findings of other studies, our data suggested that, metastatic progression in CRC tumors
can be estimated based on molecular profile of the
tumor. The dMMR tumors rarely progress to stages III and IV, whereas more than 50% of pMMR
tumors with mutated KRAS progress to metastasis. Despite poor differentiation of dMMR tumors,
they have favorable prognosis. Accordingly, MMR
and KRAS markers could be considered as a basis
for prognostic scoring system based on molecular
profile of the patients with CRC in the future.
CONCLUSIONS
Findings of the present study revealed an association between clinicopathologic features of colorectal adenocarcinoma tumors and status of important
molecular markers namely mismatch repair genes
and KRAS gene. Knowing about mutation status
of markers, such as KRAS and MMR genes helps
us to predict metastatic progression and prognosis
of the disease. Since this study was a retrospective
study, there was not sufficient information about the
patient’s treatment process. Therefore, it is recommended to conduct further studies on more patients
considering their treatment and survival rate to confirm the results of this study definitely. Also, it is
suggested to simultaneously evaluate other markers,
such as BRAF, NRAS, and other intervening genes
in colorectal cancer that are also involved in disease
prognosis and response to the targeted therapy.
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