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Abstract
Objective: KRAS has an important function to control cell growth, cell division, cell maturation, and cell death (apoptosis). KRAS mutant
cases were reported in 30-40% of colorectal tumors. Status of KRAS mutation can be predictive of the response to drugs targeting the epidermal
growth factor receptor (EGFR) in metastatic colorectal cancer patients. Consequently, due to importance of KRAS mutation status analysis for
treatment of patients, a sensitive; economic and easily feasible method is required.
Methods: In this study specificity and sensitivity of three methods of direct sequencing, real-time PCR and reverse dot blot for analysis of
KRAS mutant status were compared together in 23 colorectal patients.
Results: The obtained results indicated that there were significant differences between accuracy of three selected methods. The percentage
error in two methods of Real-Time PCR and Reverse dot blot was 5% but in sequencing method was 34.79%.
Conclusion: So, Real-Time PCR and Reverse dot blot are suitable methods while sequencing method despite of its low cost and fast manner
is not reliable method.
Keywords: Colorectal cancer; KRAS gene; Sequencing method; Real-Time PCR; Reverse dot blot
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Introduction

Colorectal cancer (CRC) is one of the most prevalent cancers
among human population with high frequency of metastatic.
Development of metastatic disease was occurred at approximately
50% of colorectal cancer patients [1,2]. Genetic and epigenetic
variations are prevalent in CRC and can be considered as a main
factor of tumorgenesis [3,4]. Chromosomal instability includes
activation of proto-oncogenes such as KRAS and inactivation
of at least three tumor suppression genes [5-7], microsatellite
instability and CpG island methylator phenotype are three
responsible pathways for genetic instability in colorectal cancer
[4,5,8,9].

KRAS protein with participation of RAS-RAFMAPK pathway
have a critical play in control of proliferation cell division,
differentiation, apoptosis and survival of eukaryotic -cells.
Mutagenesis in RAS gene was reported in different types of
human cancer [10-12]. The frequency of KRAS mutation in NSCLC,
colorectal cancer and pancreatic carcinomas is 21-34%, 33% and
75-82.4% respectively [13-15]. KRAS is a powerful molecular
marker in cancer diagnostics. Mutagenesis in KRAS gene can be
divided in transversions and transitions. with exchangment of
the amino acid glycine to another amino acid in the protein. Both
mutation types were observed in colorectal cancer.
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Anti-EGFR monoclonal antibodies like Cetuximab and
Panitumumab are the major treatment for the patients with
metastatic colorectal cancer (mCRC) without KRAS mutation
[16,17]. Lack of response to these therapies was observed in
patients with RAS activating mutations while low levels of primary
resistance characterize in RAS wild type (WT) patients (only
about 15%) [18]. So, identification of RAS mutation status before
EGFR-targeted therapy is strongly recommended in therapy
guidelines. Different methods were applied for determination
of this mutation, but little comparative data is available for
parameters such as analytical performance, economic merits,
and workflow between these methods. therefore, introducing the
most appropriate and precise method is necessary.

In the present study, we focused on comparing three diagnostic
methods including Taq man Real Time PCR, PCR-RDB (Reverse
Dot Blot) assay and PCR sequencing. KRAS mutational analysis
was performed on codons 12 and 13 (exon 1) for 23 CRCs cases.

Material and Method
Sample selection

Genomic DNA was extracted from cancer tissue of 23 patients
with pathologically confirmed CRC.

PCR Amplification

PCR-direct sequencing technique was applied for
studying the KRAS-codon 12-13. The PCR amplification
was carried out on the KRAS gene exon 2. The primer
sequences  were  5-AAGGCCTGCTGAAAATGACTG-3"° and
5-CAAAGAATGGTCCTGCACCAG-3 (Kalikaki A, Koutsopoulos A,

Trypaki M, et al). Finally, NCBI-Blast and ENSMBLE database were
used to analyze the obtained results. Real- time PCR-Sequence-
Specific Primers (SSP-PCR) was used to determine DNA mutant
specific amplification from FFPE by Real Quality RI-KRAS MuST
kit (ABANALITICA). The length of PCR products for both control
and mutant gene were 150bp. For third method, Reverse Dot Blot,
KRAS and BRAF somatic mutant genes were detected by PCR and
hybridization reaction on DNA isolated from the tissue samples.

Two KRAS gene fragments of codon 12-13 and 61 (exon 1-2)
and one BRAF codon 600 (exon 15) were parallel amplified. The
Sequence-Specific-Oligonucleotide Probes (SSOPs) were used
next. The following mutations can be detected via this method:
KRAS G12A (GCT), G12C (TGT), G12D (GAT), G12R (CGT), G12S
(AGT), G12V (GTT), G13C (TGC), G13D (GAC), Q61H (CAT), Q61H
(CAC), BRAF V600E (GAA). It should be mentioned that the control
zones were considered in this technique.

Result

The results are summarized in Tables 1 & 2. As presented in
Table 1 between the three used methods, there is a conflict in 13
cases. The results of Real- time PCR and reverse dot blot were
same and acceptable in comparison with the sequencing results
that were not reliable. no mutation in codon 12 and 13 of KRAS
gene was detected by sequencing in 7 cases while the mutation
was identified in the cases by the other two methods. Moreover, in
two other cases the peak of mutation was in sequencing graph was
very weak, hardly to be detect; however, the two other techniques
show this mutation clearly. In one case, the identified mutation
in sequencing method was different from the other two methods
[19-22] (Figure 1).

Table 1: Investigation of KRAS gene mutations Status in CRC patients with three methods of Real Time PCR, reverse dot blot and sequencing.

Identified Mutation
Number of patient Sequencing method Real Time PCR Reverse dot blot
1-029 G12D G12V G12v
2-009 G12v G12vV G12v
3-031 G12D G12D G12D
4-052 NORMAL G12D G12D, G13D
5-066 G13D G13D, G12S G13D, G12S
6-068 G12D G12D, G13D G12D, G13D
7-072 G12D G12D G12D
8-075 NORMAL G12D, G12S G12D, G12S
9-090 NORMAL G12D G12D
10-094 G13D G13D, G13C G13D
11-095 G12D G12D G12D
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12-105 Not determined Q61H Q61H
13-109 NORMAL NORMAL NORMAL
14-118 G12D G12D G12D
15-121 G12D0 G12D G12D
16-123 G12D G12D G12D
17-127 NORMAL G12V G12v
18-142 G12D G12D G12D
19-143 NORMAL G13D G13D
20-254 G13D G13D G13D
21-127 G12D G12D G12D
22-128 G12D G12D G12D
23-520 NORMAL G12vV G12v

*:Very weak peak that is hard to detect
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Figure 1: Obtained results from the patient No 127 A) Sequencing method shows no mutation in KRAS gene B) Reverse dot blot shows
G12Vmutation in KRAS gene C) Real time PCR shows G12V mutation in KRAS gene.

DNA Sequencing for Analysis of KRAS Mutations in Patients with Colorectal Cancer. Canc Therapy & Oncol Int J. 2021; 20(2): 556031.
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Table 2: Comparison of three studied methods according to their accuracy and error percentage.

Number of detected mutation
PCR-Sequencing method Real -Time PCR method Reverse Dot Blot method
Number:23 15 22 22
Percentage (100%) 65.21 95.65 95.65
Error percentage (100%) 34.79 4.35 4.35

Discussion

CRC, one of the most common cancers in the word. Sporadic
cases and genetic involvement were observed in 75% and 25%
of patients respectively [23]. Therefore, the more effective and
selective CRC therapy needs the evaluation of mutant KRAS status
and finally all these aims require suitable diagnostic method [24-
26]. The aim of this study was to compare the three mentioned
methods (Real-Time PCR, Reverse dot blot and DNA sequencing)
and introduce the most effective ones. A real-time polymerase
chain reaction (Real-Time PCR) or quantitative polymerase chain
reaction (qPCR), can be consider as a diagnostic test for infectious
diseases, cancer and genetic abnormalities. This method is most
specific, sensitive and reproducible [27-30].

Reverse dot-blot techniques reveal the most common and
uncommon specific mutation. It is a non-radioactive technique
with immobilize allele-specific oligonucleotide probes [31,32].
DNA sequencing is another diagnostic technique to determine
DNA-nucleotide order precisely. It has wide applications range
from forensic, medicine to agriculture. However, absence of
complete coverage in this technique can case incorrect results.
The other limit of DNA sequencing is its applications to test only
for inversions or unbalanced translocations [33,34]. The obtained
results revealed that DNA sequencing is not a reliable method to
determine mutagenesis. In other words, if it is used alone, the
irreparable damage can be resulted. Tumors with low content of
KRAS mutated cells, not detectable by this method. Reverse dot-
blot and Real-Time PCR have low error percentage in comparison
with this method.

Despite of mutant KRAS in seven cases, the sequencing method
failed to detect this mutation; furthermore, in two other cases it
was hard to detect this mutation. In conclusion, regards to these
mentioned issues the error percentage of the two other method
was 5% and mutagenesis stages were detected correctly in all
cases. Our result is in comparison with another study. By Jancik
et al showed that direct sequencing failed to detect KRAS mutant
in 21 patients [35]. Also, in Zinsky et al study sensitivity of direct
sequencing and SnaPshot techniques was compared. The failure
was reported more than 5 cases (11.1%) in DNA sequencing
[36]. There is a detail discussion about determining the type of
mutagenesis that was different among used techniques. It should
be mentioned that incorrect probe connection may be the possible
reason of this difference. Therefore, it is recommended to use two
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methods for mutation sensitive detection and consequently select
the most effective therapy.

Conclusion

The performance of three methods of Real-Time PCR, DNA
sequencing and Reverse dot-blot to detect of mutations in the
KRAS gene was compared using DNA extracted from blood of 22
patients. The percentage error in direct sequencing method was
about 35% whereas in two other methods were 5%. In conclusion,
however sequencing method is a simple and rapid technique, it is
not considered as a reliable method used alone for detection of
somatic mutations especially in cancers [35,36].
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