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Abstract

Background: ARAS and BRAF genes are the biomarkers in Colorectal Cancer (CRC)
which play prognostic and predictive roles in CRC treatment. Nowadays, the selection
of rapid and available methods for studying KRAS and BRAF mutations in anti-EGFR
therapy of patients suffering from CRC plays a significant role. In this study, the muta-
tions of these two oncogenes were evaluated by different methods.

Methods: This study was performed on 50 Formalin-Fixed Paraffin-Embedded (FFPE)
tissue blocks of patients diagnosed with colorectal cancer. After DNA extraction, KRAS
and BRAF gene mutations were evaluated using reverse dot blot, and results were
compared with PCR-RFLP and allele-specific PCR for KRAS and BRAF mutations, re-
spectively.

Results: ARAS gene mutations were detected in 42% of patients, of which 30% were in
codon 12 region, and 12% in codon 13. The most frequent mutations of KRAS were re-
lated to G12D and 10% of patients had BRAF mutated genes. The type of HRAS gene
mutations could be evaluated by reverse dot blot method. In general, the results of
PCR-RFLP and allele-specific PCR were similar to the findings by reverse dot blot
method.

Conclusion: These findings suggest that PCR-RFLP and allele-specific PCR methods
are suitable for screening the presence of the mutations in ARAS and BRAF onco-
genes. In fact, another method with more sensitivity is needed for a more accurate as-
sessment to determine the type of mutations. Due to higher speed of detection, re-
duced Turnaround Time (TAT), and possible role of some ARAS point mutations in
overall survival, reverse dot blot analysis seems to be an optimal method.
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Introduction

Colorectal Cancer (CRC) is the third most common
cancer in men, the second most common one in wom-
en, and the fourth most common one worldwide *. De-
spite advancements in the diagnosis and treatment of
CRC, approximately 35% of patients with CRC show
stage IV or metastasis of the disease, and about 20 to
50% of patients show stage Il and 111 of disease 2. The
development of colorectal cancer is a multi-stage pro-
cess that is associated with genetic changes . The
transformation of a normal colonic epithelial cell into a
cancer cell is characterized by the activation of onco-
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genes and the inactivation of tumor suppressor genes *.
Different molecular mechanisms are involved in the
biological course of colorectal cancer development. In
the genetic pathway, the conversion of normal cells to
the proliferative epithelial cells is associated to the mu-
tations in Adenomatous Polyposis Coli (APC) gene and
the conversion of proliferative epithelial cells to an
adenoma is also linked to changes in DNA methyla-
tion. At the adenoma stage, mutations in the BRAF and
KRAS genes occur. Finally, adenoma transformation
into carcinoma is associated with a mutation in the P53
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gene °. KRAS protein is a small GTPase which plays
an important role inthe transduction of intracellular
signals. This gene is a member of MAP kinase pathway
6, The mutation in KRAS is capable of reducing this
gene's protein activity and thus decreases GTPase ac-
tivity 7. The prognostic and predictive role of KRAS
was determined in literature by studying on this onco-
gene. It also encodes the cytoplasmic serine-threonine
kinase, BRAF gene, which immediately activates
MAPK signaling pathway downstream of KRAS. Ab-
normal activation of BRAF gene causes cell prolifera-
tion and survival which are important for tumorigene-
sis in many types of tumors & The role of KRAS and
BRAF mutations in survival of CRC patients and re-
sponse to standard chemotherapy are still controversial
issues. Therefore, the study of these mutations is of
great importance for patients with CRC. A study by
Garcia-Carbonero et al on 792 CRC patients identified
KRAS and BRAF genes as prognostic biomarkers as
well as biomarkers of standard first-line chemotherapy
response in metastatic colon cancer °. In CRC man-
agement, detecting the absence of KRAS, BRAF, NRAS,
and PIK3CA gene mutations with the choice of anti-
EGFR therapy is one of the most useful strategies °.
Due to the high importance and role of these two onco-
genes as CRC biomarkers and advancements in tech-
nology, different methods were developed to study and
evaluate KRAS and BRAF mutations. Next-generation
sequencing, real-time PCR, PCR-RFLP, allele-specific
PCR (ASPCR), pyrosequencing, reverse dot blot, se-
guenom genotyping assays, LNA-PCR sequencing,
HRM sequencing, multiplex mutation assay, and HRM-
SNaPshot are a short list of different techniques for
detecting KRAS and BRAF mutations. In 2016, Matsu-
naga et al compared the result of KRAS mutations by
direct sequencing, Scorpion-ARMS assays, pyrose-
quencing, and Luminex XMAP methods '. Nagakubo
et al compared different methods (Sanger sequencing,
PCR-reverse sequence-specific oligonucleotide probe,
and next-generation sequencing) to detect KRAS, BRAF,
and NRAS mutations 2.

Among these different methods, reverse dot blot,
PCR-RFLP, and allele-specific PCR were used to per-
form this experiment. First, reverse dot blot was per-
formed to detect KRAS and BRAF mutations and re-
sults were compared by PCR-RFLP and allele-specific
PCR for KRAS and BRAF mutations, respectively. The
mechanism of PCR-restriction fragment length poly-
morphism (PCR-RFLP) is based on discovering a spe-
cific recognition site in a target sequence 3. PCR-
RFLP is a method which uses restriction enzymes to
digest DNA, and the digested fragments will be loaded
on the gel. In this method, if there are genetic changes
or a mutation, it appears as a change in the size of one
or two fragments in the gel electrophoresis due to in-
sertion or deletion 4. Allele-specific PCR method has
been used to detect Single Nucleotide Polymorphisms
(SNPs) or bands of wild-type and mutant alleles, and

the PCR product will be loaded on the gel. Reverse
allele-specific oligonucleotide assay (Reverse dot blot)
is a method for the molecular characterization of disor-
ders with high mutation spectrum 5. In reverse dot blot
hybridization, after a multiplex PCR, PCR products are
hybridized to wild-type and mutant oligonucleotide
probes on a nitrocellulose membrane 4, and then the
positive and control bands will appear on a nitrocellu-
lose paper.

Materials and Methods

In this cross-sectional study, 50 FFPE tissue blocks
belonging to patients with colorectal cancer with a
mean age of 56.9 years (34 males and 16 females) were
randomly collected from cases who referred to Pay-
vand clinical laboratory from different parts of the
country. Each patient completed a questionnaire about
age, gender, city of residence, and treatment history,
and before extraction, the blocks were checked by each
patient's pathology report.

Genomic DNA extraction

To investigate the mutations of KRAS and BRAF
genes, genomic DNA was extracted from FFPE tissue
blocks using High Pure PCR Template Preparation Kit
(Roche Life Science, Germany). The purification of
desired DNA was calculated by determining the optical
absorption ratio of 260 OD/280 OD and its concentra-
tion using the formula, wg/mI=50xPx0OD260 (DNA
dilution grade=P), by Biophotometer; moreover, to
ensure the health of DNA, polymerase chain reaction
with a housekeeping gene such as B-globin was per-
formed. DNAs that did not pass the quality control
stage and did not have a light absorption ratio of 1.6 to
2 and also a minimum concentration of 50 ml/ug were
excluded from the evaluation.

Investigation of KRAS and BRAF gene mutations by re-
verse dot blot

To perform reverse dot blot (using RDB 2250 KRAS/
BRAF Kit, AID Autoimmun Diagnostika GmbH, Ger-
many), first, the multiplex polymerase chain reaction
was performed on genomic DNA. The reaction mixture
consisted of 15 pl PN-mix, 2.5 pl 10xPCR reaction
buffer, 1.5 pl MgCl,, one unit of the single polymerase
enzyme, and 5 pl DNA sample with a total volume of
25 pl.

The temperature program included an initial dena-
turation at 95°C for 5 min (One cycle). The polymerase
reaction in the first step was performed at 95°C for 20
s, 60°C for 20 s and for 10 cycles. In the second step, it
was performed at 95°C for 20 s, 55°C for 20 s, and
72°C for 20 s (26 cycles). Then, the final extension
reaction was performed at 72°C for 8 min (One cycle).

For hybridization, first 20 x/ of denaturation solu-
tion was mixed with 20 u/ of PCR mixture, followed
by incubation at room temperature for 5 min. The ni-
trocellulose strip was incubated in 1 ml of hybridiza-
tion solution for 30 min at 47°C. The hybridization
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buffer was completely removed from the strip and the
strip was washed twice with stringency wash solution,
each time for 1 min. The nitrocellulose strip was then
incubated in 1 ml of strignecy wash solution for 15 min
at 47°C. The strip was washed twice at room tempera-
ture for 1 min by adding 1 ml of diluted rinse solution.
Then, 1 ml of conjugate solution (Concentration of this
solution was diluted 1:100 by conjugate buffer) was
added to the strip, followed by incubation in a horizon-
tal shaker at room temperature for 30 min. After re-
moving the conjugate solution from the well, the strip
was washed three times with 1 ml of rinse solution for
1 min. Afterward, 1 ml of the substrate solution, which
reached room temperature, was added to the strip, fol-
lowed by incubation for 10 to 20 min. After this period,
the reaction was stopped by adding 1 ml of distilled
water. After drying the strip, the results were interpret-
ed using a nitrocellulose membrane scan.

Evaluation of KRAS gene mutations by PCR-RFLP method

Specific primers were designed and synthesized to
identify codons 12 and 13 of the KRAS proto-oncogene
using the NCBI bank and Blast software (RAS A: 5 -
ACTGAATATAAACTTGTGGTCCATGGAGCT-3,
RAS B: 5 -TTATCTGTATCAAAGAATGGTCCTGC
ACCA-3", and RAS C: 5-GGATGGTCCTCCACCA
GTAATATGGATATT A-3).

RAS A and RAS B primers were designed to syn-
thesize 166 bp fragments in the first PCR and also RAS
C primer along with RAS A primer was used to syn-
thesize the second PCR product.

The first and second reaction mixtures consisted of
12.5 pl of amplicon master mix, 1 ul of each RASA (15
pmol) and RASB (15 pmol) primer for the first reaction
mixture, 1 u/ of each RASA (15 pmol) and RASC (15
pmol) primer for a mixture of the second reaction, and
genomic DNA up to a concentration of 100 ng. The
final volume of 25 u/ was prepared.

The PCR reaction consisted of initial denaturation at
95°C for 4 min (One cycle), 30 cycles at 94°C for one
min, 50°C for 1 min, and 72°C for 2 min. The final
extension was performed in a cycle at 72°C for 5 min.
To detect mutations in codons 12 and 13, the first PCR
product was enzymatically digested with BSTX-I and
Xcml enzymes (New England Biolabs, USA) for 24 hr
according to the standard protocol. Also, to identify
mutations in codons 12 and 13 of the second PCR
product, enzymatic digestion was performed using
BSTX-1 and Xcml enzymes for 24 hr, respectively.
The results of enzymatic digestion were evaluated on
12% polyacrylamide gel and by silver nitrate staining.

Evaluation of BRAF gene mutations by allele-specific PCR

In this method, two series of primers were used to
detect the V600E mutation BRAF (F-wild type): 5°-
TAGGTGATTTTGGTCTAGCTACCGT- 3°, BRAF
(Reverse): 5°- GTAACTCAGCAGCATCTCAGGG-
3’, BRAF (F-mutant type): 5’- TAGGTGATTTTGGT
CTAGCTACCGA- 3°). Accordingly, two separate
mixtures were prepared for PCR.

The first and second reaction mixtures consisted of
12.5 pl of the master mix, one pl of each BRAF (F-
wild type, 15 pmol) and BRAF (Reverse, 15 pmol)
primer for the first reaction mixture and one pl of each
ready-to-use primer BRAF (F-mutant type, 15 pmol
and BRAF reverse, 15 pmol) for a mixture of the sec-
ond reaction. Furthermore, genomic DNA was pre-
pared up to a concentration of 100 ng and a final vol-
ume of 25 u/ was prepared.

The PCR reaction consisted of initial denaturation at
95°C for 5 min (One cycle), 38 cycles at 95°C for 40 s,
58°C for 1 min, and 72°C for 20 s. The final extension
was performed for one cycle at 72°C for 10 min. The
reaction product was examined on 12% polyacrylamide
gel and by silver nitrate staining.

Statistical analysis

The results were analyzed by SPSS software version
19 (IBM, USA). The chi-square test was applied to
investigate the relationship between mutations and
clinicopathological factors. The correlation test was
used to investigate the relationship between mutations
and factors with the normal distribution and p<0.05
was considered statistically significant.

Results

Results of reverse dot blot

In the assessment of KRAS and BRAF gene muta-
tions by reverse dot blot, each nitrocellulose strip had
internal PCR control and conjugated buffer control for
controlling hybridization; if there was no mutation in
both oncogenes, only the band control could appear. If
there was a mutation, the same area of the band could
be observed depending on the type of point mutation
(Figure 1). Due to transition and transgenic mutations,
the wild-type sequence of GGT in codon 12 was mu-
tated into ¢.35G> C (p.G12A), ¢.34G> C (p.G12R), c.
35G> A (p.G12D), ¢.34G> T (p.G12C), c. [34G> A;
35G> T] (p.G12l), c. [34G> C; 35G> T] (p.G12l),
€.34G> A (p.G12S), and ¢.35G> T (p.G12V).

| [ I
1 Konjugatkontrolle s - (=] - -
2 Spezifitatskontrolle
3 KRAS Codon12/13 Wildtyp == - - - -
4  KRAS Codon 61 Wildtyp == - - - -
5 BRAF Codon 600 Wildtyp < - - -
6 KRAS G12A
7 KRAS G12C
8 KRAS G12D -
9 KRAS G12R |
10 KRAS G128
1 KRAS G12v
12 KRAS G13C
13 KRAS G13D -
14 KRAS Q61H (CAT)
15 KRAS Q61H (CAC)
16 BRAF V600E -

Anlegelinie =)
1 2 0 4 b

Figure 1. Nitrocellulose strips from reverse dot blotting. Results from
right: G12D mutation, G13D mutation, V600E mutation, G12V mu-
tation, no mutation in both oncogenes.
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Table 1. Correlation of mutation status with clinical and histopathological features

= Pearson Chi-Square test
g - - "
ET g 5 g g 2 5 5
G g :; i’ ~ - % § % = g = g
s O o T -
GI12A 2% (1) 032 0.66 -
G12D 16% (8) 0.495 0176 0558 0.599 - -
G12C 2% (1) 068 -
G12S 4% (2)  0.458 0.431 -
Gl2v 6% (3)  0.305 - 0.736 0.37 - -
G13D 12% (6) 0.365 0487  0.674 - 0.487 - -
V600E 10% (5)  0.209 0.44 0.546 -
KRAS Codon 12 - - 05 0589 0507 0354 0574
KRAS Codon 13 - - - - 05 0545 0245 0415 0.627
BRAF Mutation - - 05 0243 0524 0229
The highest frequency of mutations was related to 1 234567891011121314
G12D (16%), and G121 and G12R mutations were not
found in the study population. The frequency of muta-
tions found in this study is shown in table 1.
Regarding mutations in codon 13 of the KRAS gene
(Wild type GGC sequence), mutations of ¢.38G> A
(p.G13D) and ¢.37G> T (p.G13C) were observed and 134 bp
G13C mutation was not found in this study; data shows 106 bp

the frequency of G13D mutation is equal to 12% (Ta-
ble 1).

Results of PCR-RFLP

PCR-RFLP results about KRAS gene revealed the
presence of mutations in the codons 12 and 13 of some
samples of the studied patients. None of the enzymes
could break the fragment if the fragment from the first
PCR had a mutation. Fragments of 28 bp and 138 bp
appeared by enzymatic digestion reaction in wild-type
sequence. Moreover, if the amplified fragment from
the second PCR had a mutation, three fragments of 134
bp, 106 bp, and 18 bp could be produced from the sec-
ond PCR in mutable sequences, while bp18, bpl06,
and 28 bp fragments could be produced as a result of
enzymatic digestion in normal type sequences (Figure
2). As shown in figures 2 and 3, 30% of samples
showed a mutation in codon 12, and 12% of them had a
mutation in codon 13 of KRAS oncogene.

Results of allele-specific PCR

To detect BRAF gene mutations, the presence of the
allele of normal type and mutant type was investigated.
Figure 4 shows an example of polyacrylamide gel ob-
tained from this study (Figure 4), in which the wild
type and mutant alleles had a band at 180 bp position,
and the interpretation of findings were done based on
the results obtained from both types of alleles. Examin-
ing the frequency of V600E mutation in the BRAF

Figure 2. Polyacrylamide gel. Codon 12 KRAS has two bands at the
134 bp and 106 bp sites, indicating a mutation. Bands at 106 bp had
no mutations in this codon: Lane 1: a 100 bp marker, Lane 3 and
Lane 5: no mutations, and other lanes: mutations.

gene revealed that out of 50 samples studied, 90% did
not have V600E mutation, and only 10% showed
V600E mutation.

Concordance of mutations analysis

The frequency of mutations found in codons 12 and
13 by the reverse dot blot method was consistent with
the PCR-RFLP results, and also the results of V600E
mutation in BRAF by the allele-specific PCR and re-
verse dot blot method were similar. A comparison of
results among different methods is described in table 2.
In this table, the differences between the methods in
the evaluation of mutations are indicated. In reverse
dot blot method, 10 point mutations in KRAS gene
were examined by a mutation in the BRAF gene, and in
addition to codons 12 and 13, codon 61 mutations in
the KRAS gene were also examined. However, in RFLP
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Figure 3. Polyacrylamide gel of the 13 oncogene KRAS codon. Dual-
band samples at bp134 and bp106 sites have mutations in this codon,
and bands at 106 bp site have no mutations in this codon: Lane 9: 20
bp marker, Lane 8 100 bp marker, Lanes 5, 6, and 7: no mutations
and Lanes 1, 3, and 4: mutations.

method, only mutations in codons 12 and 13 were
evaluated and mutation evaluation in BRAF gene was
confirmed by allele-specific method.

Results of statistical analysis

Out of 50 samples, five had metastatic liver tissue of
CRC origin, and other samples of cecum, colon, and
rectum tissues had CRC (Table 1); out of 50 samples,
29 (58%) tumors metastasized, and in 21 (48%) sam-
ples, metastasis did not occur.

The relationship between sex and each of the muta-
tions in KRAS and BRAF genes was determined using
the Pearson's chi square test. There was no significant
relationship between sex and type of mutations in these
two genes.

Regarding this analysis, no significant relationship
was found among the mutations in KRAS and BRAF

Figure 4. BRAF gene polyacrylamide gel. Lanel: 100 bp marker,
Lane 2 to Lane 6: mutant alleles, and Lane 7 to Lane 11: non-mutant
alleles. It is interpreted as meaning that the first sample has a muta-
tion and the other three samples do not have a mutation. Lane 6 and
11 are PCR (M.M) mixture contamination controls.

genes and metastasis at the time of diagnosis (p>0.05).
No significant relationship was found among the muta-
tions in codon 12 of KRAS gene with high and low
differentiation (p>0.05), and chi-square test showed no
significant relationship among the mutations in KRAS
12 gene with mucinous and non-mucinous tumors. The
results showed no significant relationship among the
mutations in 13 KRAS gene with mucinous and non-
mucinous tumors.

There was no significant association among the mu-
tations in BRAF gene with mucinous and non-
mucinous tumors.

Discussion

KRAS oncogene is an important member of EGFR
signaling cascade family, and KRAS activating muta-
tions are among the most common mutations in human
cancers ®. Due to the high prevalence of colorectal

Table 2. Comparison of results among different methods

Methods

Mutations Reverse dotblot ~ PCR-RFLP  Allele specific PCR

(n/%) (n/%) (n/%)
G12A 1/2% - -
G12D 8/16% - -
G12C 1/2% - -
G12R - - -
G12s 2/4% = =
Gl2v 3/6% - -
G13C = = =
G13D 6/12% - -
KRAS Q61H (CAT) = = =
KRAS Q61H (CAC) - - -
Point mutation in codon 12 KRAS 15/30% 15/30% -
Point Mutation in codon 13 KRAS 6/12% 6/12% -
BRAF V600E 5/10% = 5/10%
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cancer in the world and the role of KRAS codons 12
and 13 in malignancy and tumor progression, timely
screening is essential to identify patients at the early
stages. Determining the type of mutation using non-
invasive and rapid methods is also of considerable im-
portance for targeted therapies appropriate to the type
of mutation . The mutations in the codons 12 and 13
lead to changes in RAS protein which is resistant to
GTPase activity; also, they result in long-term persis-
tence of active form bound to GTP, thus leading to
intensified cell growth and proliferation. BRAF and
KRAS mutations both occur at the early stages of colo-
rectal cancer but are rarely seen together 8. In a study
by Velho et al in Portugal, Li et al in China, and Brink
et al on Dutch patients, 35.3%, 37%, and 33.3% of
patients had mutations in the KRAS oncogene, respec-
tively 121, The most common mutations in KRAS gene
are in codon 12 and include the amino acid substitu-
tions, G13D, G12S, and G12D, of which G12D muta-
tions are the most common 22, These results are con-
sistent with results of our study because the highest
frequency of amino acid substitution was found to be
related to G12D (16%). In a study by Garcia-Car-
bonero et al on KRAS and BRAF mutations as predic-
tors and predictive biomarkers in metastatic colon can-
cers, COX regression analysis showed that KRAS and
BRAF in metastatic tumors are important agents for
survival. Garcia-Carbonero et al stated that patients
with KRAS mutations had a poorer response to chemo-
therapy 2.

In thyroid cancer, BRAF mutations were found to
upregulate microenvironment genes, potentially incre-
asing tumor invasion. The frequency of BRAF muta-
tions is high in melanoma (44%) and lower in thyroid,
colorectal, and ovarian cancers (8, 6, 5%, respectively)
24 In our study, the frequency of KRAS and BRAF on-
cogenes mutations in a population of CRC patients
with a mean age of 56.96 was found to be 42% (30% in
codon 12 and 12% in codon 13) and 10%, respectively.
The highest number of samples with FFPE blocks be-
longed to male patients (68%, with a mean age of 56
years), while the lowest number of samples belonged
to female patients (34%, with a mean age of 54.8
years) which is consistent to the study of Li et al.
Among these patients, 15 had mutations in codon 12 of
KRAS gene (30%), while 6 patients had mutations in
codon 13 (12%).

Due to the results of this research and other studies,
the highest frequency of mutations is related to codons
12 and then 13, although several studies indicated the
role of codons 61 and 146 and their mutations such as
codons 12 and 13; however, the frequency of mutations
in codon 61 and 146 is lower than codons 12 and 13.
Therefore, codons 61 and 146 also have a prognostic
role in the treatment of patients with CRC, but the fre-
quency of these mutations is very low compared to
codons 12 and 13 which is consistent with our study
findings showing the high frequency of mutations in

codon 12 and also the low frequency of mutations in
codon 61 %. The frequency of KRAS gene mutations in
CRC patients is approximately 30 to 46% based on
previous articles.

This wide range of frequencies reported from KRAS
mutations is possible due to various factors, including
the sensitivity and specificity of mutation detection
methods, the small number of patients, or the variabil-
ity in the region in which the gene was selected, name-
ly codons 12, 13 and/or 61 regions 2.

Regarding the role of these two genes in improving
CRC patients' outcomes, extensive studies have been
performed to quickly and accurately evaluate these two
genes in recent decades.

Techniques used for the mutant screening such as
temperature gradient gel electrophoresis or SSCP and
methods for mutant detection such as PCR-RFLP or
allele-specific PCR amplification (MASA) may show
differences in the sensitivity and/or mutation detection
characteristics of the KRAS gene ?7. Though the muta-
tions were studied in a small population of patients, the
selection of these patients was random and results were
investigated by comparing three methods of reverse dot
blot, PCR-RFLP, and allele-specific PCR.

The hybridization method was used to detect the
mutations of codons 12, 13, 61 in the KRAS oncogene
and also V600E mutation in the BRAF oncogene. Spe-
cific primers and probes were designed for each point
mutation to detect them. Moreover, each nitrocellulose
strip had internal controls for PCR accuracy and hy-
bridization steps. However, all samples were re-ana-
lyzed by RFLP for the KRAS gene and allele-specific
PCR for the BRAF gene. The results of these two
methods confirmed each other, and the samples with
mutations in each method were well distinguishable
from the samples without mutations.

In this study, the mutations including G12A, G12R,
G12D, G12C, G12S, and G12V in codon 12 and
G13D, G13C in codon 13, Q61H in codon 61 of KRAS
proto-oncogene, and V600E mutation in BRAF proto-
oncogene were analyzed by reverse dot blot method.
The mutations such as ¢.183A> C (p.Q61H), c.183A>
T (p.Q61H), ¢.37G> T (p.G13C), and ¢.34G> C (p.
G12R) were not found, and the highest frequency was
related to G12D mutation (16%) of codon 12, which
was studied and evaluated by Ince et al in 2005 %,
Cabart et al in 2016 %, and Ergun et al in 2019 %, In
the reverse dot blot method, point mutations in KRAS
oncogene and also V600E mutation in BRAF oncogene
were evaluated, and in the PCR-RFLP method, only
the presence of mutations in codons 12 and 13 of
KRAS was examined. The allele-specific PCR method
was used to detect BRAF mutation in CRC. Hatzaki et
al in 2001 presented a modified mutagenic PCR-RFLP
method for the KRAS codon exon 1 mutations in tu-
mor samples from NSCLC patients 3L,

Some studies have reported the importance of de-
tecting KRAS point mutations in CRC patients. De
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Roock et al and Tejpar et al reported that some specific
mutations in KRAS can affect patients’ outcomes and
patients with a mutation in codon 13 (G13D) have a
survival benefit 323, Studies of Al-Mulla et al, Guerre-
ro et al, and Smith et al on KRAS codon 12 mutations
shows that patients with mutations in codon 12 com-
pared to codon 13 may demonstrate carcinogenic po-
tential as a result of apoptosis inhibition, loss of contact
inhibition, and also increased contact-independent
growth 3436,

KRAS mutations have a prognostic role in CRC pa-
tients; in general, an association between KRAS codon
12 mutation (Specific G12V, G12C mutations) and
overall survival was illustrated in patients with recur-
rent and metastatic colorectal cancer and wild type
KRAS shows an increased overall survival %.

KRAS G12D mutation shows a poorer prognostic
effect on patients compared to the other mutations %,
and KRAS G12V shows a biological behavior in CRC
patients *°.

Kaelin reported the synthetic lethality of KRAS, in
which the mutations in two or more genes cause cell
death “° which is considered an advantage that leads to
increased cytotoxicity against cancer cells without the
toxicity associated with current chemotherapy “.

Although the frequency of KRAS mutations in the
hybridization report did not differ from PCR-RFLP
results, point mutations in each codon were excluded in
this study. Detecting point mutations is important in
overall survival of patients. Besides, another method is
required to examine BRAF mutation as the process of
mutation analysis in KRAS and BRAF is very time-
consuming.

As a result, the reverse dot blot method is a more
sensitive and specific method to evaluate mutations in
these oncogenes and PCR-RFLP and allele-specific
PCR methods seem to be suitable for screening the
existence of mutation in KRAS and BRAF oncogenes.

Allele-specific PCR is an optimal method to evalu-
ate V600E mutation in other cancers in which BRAF
alone is a biomarker for detecting melanoma, thyroid,
and ovarian cancer. In the studies of Osumi et al #? and
Chen et al %3, the effect of mutation type on anti-EGFR
therapies was investigated; therefore, point mutation
analysis plays an essential role in treating patients with
CRC.

Conclusion

Due to high frequency of mutations, the young age
at diagnosis, and the oncogenes’ roles in disease man-
agement, it is recommended to study the mutations of
KRAS and BRAF oncogenes in patients with colorectal
cancer. The results of PCR-RFLP and allele-specific
PCR were similar to reverse dot blot, although PCR-
RFLP and allele-specific PCR are time-consuming
methods. These findings suggest that PCR-RFLP and
allele-specific PCR as confirmatory methods are suit-
able for screening the existence and presence of the

mutation in KRAS and BRAF oncogenes. Furthermore,
for a more accurate assessment and also discovering
the possible role of the type of mutations, another
method with more sensitivity is needed. In general, the
reverse dot blot method was faster and more sensitive
to detect KRAS and BRAF mutations; moreover, type
of KRAS mutations could be assessed which saves re-
sponse time, reduces additional costs, and provides
higher quality services. Therefore, in the current study,
the superiority of the reverse method over the RFLP
method was proved.
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