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Abstract

Background: Mitogen-Activated Protein Kinase (MAPK) pathway and its downstream signaling pathways, play
an important role in intracellular signaling. Mutations in KRAS (activating mutation) and BRAF proto-oncogenes are
identified as key finding of colorectal cancer. The aim of this study was to examine mutation analysis of KRAS and
BRAF in Iranian Colorectal cancer patients. Methods: We used fifty archived formalin fixed paraffin-embedded (FFPE)
blocks of Iranian colorectal cancer patients. DNA was extracted from FFPE blocks for PCR assay. The quality of PCR
products was determined using horizontal electrophoresis. Then, sequencing and analysis of the sequencing results
were performed to investigate variation status in the sequences. Results: KRAS exons and BRAF genes exon 15 in 50
CRC patients were analyzed, among the 19 mutant KRAS samples, 18 (36%) patients had a single base substitution
(synonymous mutation) in exon 5, p. Argl61Arg (c.483G>A) and 1 (2%) patient in exon 2 (codon 12), p. Gly12Cys
(c.34G>T). Also, we observed two mutations p. Val600Glu (c.1799 T>A) and p. Ser616Thr (c.1846T>A) in exon 15
of BRAF gene. Conclusions: We found a novel variant in BRAF gene. The p. Ser616Thr (c.1846T>A) mutation was
not previously reported and we conclude that other new mutations can be identified in KRAS and BRAF which may

lead to colorectal cancer.
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Introduction

Colorectal cancer (CRC) is a heterogeneous
malignancy and serious health issue in both of men and
women. There will be an estimated approximately 1
million new CRC cases and 551,269 deaths, anniversary
(Siegel et al., 2017, Bray et al., 2018). CRC is the fourth
common cause of cancer mortality worldwide that almost
20% of them involved by metastases (Zhao et al., 2017).
However, in the past two decades due to broader screening
procedures and surgical therapy, incidence of CRC has
been reduced (El-Shami et al., 2015). Approximately in
the 70% of CRC cases cancer development initiated from
colon and in 30% rectum is the first part (Wolpin et al.,
2007). CRC is a multifactorial disease in which lifestyle,
diet habit, gender, alcohol consumption, smoking, low
physical activity, age, genetic and environmental factors
contribute to disease pathogenesis (Asghari-Jafarabadi
et al., 2009). Also, the diverse types of mutations
identified in CRC patients such as APC, KRAS, p53 genes
and Deleted in Colorectal Cancer (DCC) in 18q12.2,
microsatellite instability, germline mutation (mismatch

repair genes, MLH1- MSH2), hypermethylation (MLH1)
and chromosome instability (Jayasekara et al., 2017,
Clarke and Kopetz, 2015). Mitogen-Activated Protein
Kinase (MAPK) pathway and its downstream signaling
pathway such as RAS-RAF-MEK-ERK plays an important
role in intracellular signaling. MAPK pathway involved
in regulation of proliferation, mitosis and cell survival
which normally KRAS stimulate cell cycle progression
(Jayasekara et al., 2017, Larki et al., 2017, Dhomen and
Marais, 2007). KRAS and BRAF are risk gene of CRC
that approximately 36-40% of CRC patients harbor a
mutation in KRAS and 8-15% in BRAF (McCoy et al.,
1983, Schubbert et al., 2007). Although, KRAS has an
approximately 40% -45% mutations in codons 12 and 13
of exon 2, rare mutations at codons 61 and 146 detected
(Harada et al., 2007, Kranenburg, 2005, Fearon and
Vogelstein, 1990). Overall BRAF mutation is about 5%
to 10% of cases (Harada et al., 2007, Larki et al., 2017).
The majority of BRAF mutations (more than 90%) are in
the hotspot of exon 15 resulting in the V60OE substitution
(GTG to GAG) (Larki et al., 2017, Dhomen and Marais,
2007, Harada et al., 2007). KRAS mutation frequency is

!Department of Medical Genetics and Molecular Biology, School of Medicine, Iran University of Medical Sciences, Tehran, Iran.
’Gastrointestinal and Liver Diseases Research Center, Firoozgar Hospital, Iran University of Medical Sciences, Tehran, Iran.
SInstitute of Immunology and Infectious Diseases, Iran University of Medical Sciences, Tehran, Iran. *For Correspondence:
akouchekian.m@iums.ac.ir

Asian Pacific Journal of Cancer Prevention, Vol 24 3665



Mansoureh Akouchekian et al

different in any stage of CRC. Its mutation rates in late
adenoma stage is more than the rest of other stages. The
chromosome 17p deletion in which p53 located there, is
more common than KRAS mutation in the carcinogenesis
(Fearon and Vogelstein, 1990). Detection of cancerous
cells mutations have significant impact on efficiency
of therapy. CRC complications involved by nearly 140
genes and the complexity of treatment increased by each
mutation (Maresso et al., 2015). For instance, one of
treatment strategies is based on implication of monoclonal
antibody (Cetuximab) that inhibit EGFR pathway. Via a
KRAS mutation, Cetuximab could not inhibit this signaling
pathway (Van Cutsem et al., 2011, Wolpin et al., 2007).
The aim of the present study was to evaluate the mutation
rate of KRAS and BRAF genes in CRC patients in order
to better defining the correlation of these mutations with
worsen complications and use these data for further
treatment strategies and epidemiological studies.

Materials and Methods

Patients and tissue samples

A total of fifty formalin fixed paraffin-embedded
(FFPE) blocks of CRC cases were obtained from pathology
repository of Firoozgar Hospital, Tehran, Iran that
affiliated to Iran University of Medical Sciences, Tehran,
Iran, from 2010 to 2015. The presence of malignant cancer
in the patients confirmed by the pathologist and their
characteristics are summarized in Table 1. Consent forms
were signed by the all patients. This research is reviewed
and approved by the constituted Ethics Committee of Iran
University of Medical Sciences (Tehran, Iran, IR.IUMS.
FMD.REC.1394.26544).

DNA extraction

Genomic DNA was extracted from fifty 10-um-thick
FFPE tissue sections using the DNA FFPE Tissue Kit
(NucleoSpin®Tissuekit, Germany) according to the
manufacturer’s protocol. The concentration and purity of
the extracted DNA were assessed using spectrophotometry
and DNA with an appropriate optical-density ratio was
used.

PCR amplification

Altogether, the sequences of exons 2, 3, 4, 5 and 6 of
KRAS gene and exon 15 of BRAF gene were analyzed
by polymerase chain reaction. The PCR reaction took
place in a volume of 25 pl, including 12.5 pl of Master
mix (Ampliqon, Denmark), 1 pl of each primer, 6-7 pl
of genomic DNA and 3.5-4.5 pl of distilled water. DNA
was amplified according to the following program: an
initial denaturation cycle of 95°C for 5 min; 40 cycles
of denaturation (95°C for 60 s), annealing (60 s at 57°C
for KRAS exon 2, 4, 6 or at 59°C for KRAS exon 5 or at
55°C for KRAS exon 3 or at 57°C for BRAF exon 15),
and elongation (72°C for 1 min); and a final extension
cycle at 72°C for 10 min, using thermal cycler machine
(Bio-Rad, USA). The accuracy of the target amplification
was analyzed by electrophoresis of PCR products on 1%
agarose gel. The genomic DNA was amplified using the
primers listed in Table 2.
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Direct Sequencing

The purified samples by High Pure PCR Product
Purification Kit (Roche Diagnostic GmbH, Mannheim,
Germany) together with 20 pl of related primers were used
for sequencing via ABI 3700 sequencer (PE Biosystems,
Foster City, CA, USA). Analyses of the DNA sequences
were performed by the Sequence Scanner Software and
Sequencer software version 5.

Alterations were determined by alignment of
sequencing results against a reference sequence database.
Codon number of the mutant gene and its changed
amino acid sequence was determined based on GenBank
entry NM_ 004985, NP _004976.2 for KRAS and
NM _001354609.1, NP _001341538.1 for BRAF as
references.

Computational analysis

Pathological impact of found variants was predicted
by tools consisting of PolyPhen-2 (Adzhubei et al.,
2010), Sorting Intolerant from Tolerant (SIFT) (Kumar
et al., 2009), Project Hope (http://www.cmbi.ru.nl/hope/
method/) (Venselaar et al., 2010), CADD (Combined
Annotation Dependent Depletion) (Kircher et al., 2014),
provean (Choi and Chan, 2015), FATHMM (Shihab et
al., 2013) and mutation taster (Schwarz et al., 2014). The
FASTA sequence of BRAF (human) (Uniprot: P15056)
was used as the reference for generated 3D protein
structure models in SWISS-MODEL (Waterhouse et al.,
2018). The protein structure was energy minimized by
Swiss-Pdb viewer and then the validation of generated
protein structural model performed by Ramachandran
plot analysis, 100% of the residues in homology model
were observed in allowed and favored regions. In this
study, peptide designing, Molecular graphics and analyses
of BRAF (Ser616Thr) were performed with the UCSF
Chimera version 1.13.1.

3D structure of mutant ARSB protein (right) and the
wild type structure (left) in ribbon and surface presentation
made by Chimera software, with two altered amino acids
(Arg and Ala) which is indicated in cyan color and wild
type form of them (His and Pro).

Results

Amplification and direct sequencing of the exons 2, 3,
4, 5 and 6 of KRAS gene and exon 15 of BRAF gene in
fifty Iranian patients with CRC were successfully carried
out. For the KRAS exons 3, 4 and 6, obtained sequences
were compared to the reference sequences. Codon number
of the mutant gene and its changed amino acid sequence
was determined based on GenBank entry NM_004985,
NP 004976.2 for KRAS and NM _001354609.1,
NP 001341538.1 for BRAF as references. Totally,
of 50 samples, 19 patients (38%) were detected with
mutation in KRAS gene and two patients (4%) in exon
15 of BRAF gene. Moreover, 47.36% (9/19) and 52.63
% (10/19) KRAS mutations were in male and female
patient, respectively. While just only 15.78 % (3/19)
identified in patients under 50 years of age. Among
the 19 mutant KRAS samples, 18 (36%) patients had
a single base substitution (synonymous mutation) in
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Figure 1. A DNA Sequence Electropherogram of KRAS Gene Mutation (forward direction): A: ¢.34G>T(p. G120)

hetero of exon2. B: ¢.483G>A (p. R161R) homo of exon 5.

exon 5, p. Argl61Arg (c.483G>A) and 1 (2%) patient
in exon 2 (codon 12), p. Gly12Cys (c.34G>T). Also, we
observed two mutations p. Val600Glu (c.1799 T>A) and
p- Ser616Thr (c.1846T>A) in exon 15 of BRAF gene.
The frequency of KRAS and BRAF mutations according
to clinical and pathological features summarized in Table
3. Representative electropherograms of KRAS and BRAF

Table 1. Demographical and Pathological Characteristics
of 50 Iranian CRC Patients

Clinical and pathological characteristics

Total (n=50)

N (%)
Gender Male 28 (56)
Female 22 (44)
Age (y) <50 15 (30)
>50 35(70)
Location Colon 21 (42)
Rectum 12 (24)
Cecum 8 (16)
Ileum 2(4)
Sigmoid 7(14)
pT (Depth of NO 2(4)
invasion) p Tis 12)
pTl 3(6)
pT2 8 (16)
pT3 26 (52)
pT4 10 (20)
Tumor type Mucinous adenocarcinoma 15 (30)
Non-mucinous adenocarcinoma 29 (58)
Missed data 6(12)
Tumor Well 28 (56)
differentiation Moderate 15 (30)
Poor 1(2)
Un-differentiated 5(10)
Missed data 1(2)
Pathological Low 21 (42)
Grade High 22 (44)
Missed data 7(14)
Lymph nodes  Involved 12 (24)
involvement  ynvolved 38 (76)

mutations are shown in Figures 1 and 2, respectively.
Sequence analysis identified a novel heterozygous variant,
¢.1846T>A in BRAF that caused the amino acid substitution
of serine with threonine (S616T). Via bioinformatics data,
we found that p. Ser616Thr (c.1846T>A) mutation was
not previously reported. Frist of all, the missense mutation
effect was assessed using mutation taster (Schwarz et al.,
2014) (http://www.mutationtaster.org/) which predict that
this mutation (c.1846T>A) was disease-causing. So, we
ranked the variant by applying the Combined Annotation
Dependent Depletion (CADD) tool v1.3 (Rentzsch et
al., 2019) (http://cadd.gs.washington.edu/). The variant
(c.1846T>A) with the scaled PHRED CADD score
of >28 which is considered damaging. On the other hand,
novel variant were predicted damaging by sift (Kumar et
al., 2009) (http://sift.jcvi.org/), provean (Choi and Chan,
2015) (http://provean.jcvi.org/index.php) and FATHMM
(Shihab et al., 2013) (http:/fathmm.biocompute.org.uk/).
According to, American College of Medical Genetics and
Genomics (ACMG) guidelines the novel variant classified
as a likely pathogenic mutation (Richards et al., 2015).
When we searched for the effect of novel damaging variant
on protein stability by MUpro (http://mupro.proteomics.
ics.uci.edu/), we observed that this mutation decrease the
protein stability. As well as, through in silico analysis,

Table 2. Primers Used for FLG mutation Analysis

Gene Primer pairs 5'— 3' Size
(Exon

region)

Kras  F:5GTGTGACATGTTCTAATATAGTCA3  213bp
(exon2) R SGAATGGTCCTGCACCAGTAA3'

Kras  F:STCAAGTCCTTTGCCCATTTT3' 374bp
(exon3)  R. STGCATGGCATTAGCAAAGACS'

Kras  F:5TTGTGGACAGGTTTTGAAAGA3' 379bp
(exon4)  R: S'IAGAAGCAATGCCCTCTCAAGS'

Kras  F:5CTCAAGCTCATAATCTCAAACTTCT3'  305bp
(exon3) - R: SGTAGTTCTAAAGTGGTTGCCACCS'

Kras  F:5GACAAAACACCTATGCGGATGA3'  429bp
(exon6)  R. S GCTAACAGTCTGCATGGAGCA3'

BRAF  F:STCATAATGCTTGCTCTGATAGGA3'  223bp

(exonl5)  p. SGGCCAAAAATTTAATCAGTGGA3'
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Table 3. Frequency of the Observed Mutations in KRAS
and BRAF Genes in Iranian CRC Patients

All mutations

KRAS BRAF
Clinical and Pathological feature 19 (38%) 2 (4%)
p. RI61R p. V60OE p. S616T
p. G12C (c.1799 T>A)
(c.483G>A) (c.1846T>A)
(c.34G>T)
Gender
Male 8 (16%) 1 (2%)
Female 10 (20%) 1(2%)
Age (y)
<50 3 (6%) 1(2%)
>50 15(30%) 1(2%)
Location
Colon 6 (12%) colon
Rectum 6 (12%) colon
Cecum 4 (8%)
Ileum -
Sigmoid 2 (4%) Sigmoid
pT (Depth of invasion)
p Tis -
pT1 1 (2%)
pT2 3 (6%)
pT3 8 (16%) pT3 pT3
p T4 6
Tumor type Mucinous adenocarcinoma
Nonmucinous adenocarcinoma 8 (16%) Mucinous Non-
mucinous
Single ring cell adenocarcinoma 8 (16%) Nonmucinous
Miss 2 (2%)
Tumor differentiation
Well Differentiated 11 (22%) Well
Moderate Differentiated 5(10%) Moderate
Poor differentiated 1(2%)
Undifferentiated 1 (2%) Undifferentiated
Pathological Grade
Low grade 7 (14%)
High grade 10 (20%)
Lymph nodes involvement
Involved 3 (6%) Involved
Uninvolved 15 (30%) Uninvolved
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it revealed that substitution of Serine with Threonine at
the position of 616(c.1846T>A) changed the amino acid
interactions. This replacement lost previous interaction
with Asparagine 580 (Figure 3). According to HOPE
reports this variant introduced an amino acid with different
properties, which can disturb this domain and abolish its
function. The family member (patient’s daughter) analysis
demonstrated the novel variant has not been transmitted
to his daughter (Figure 4). Interestingly, mutations in
KRAS and BRAF were not observed in the same cases.
We also analyzed Clinical and pathological characteristics
on patient’s sex and age, tumor type, location, depth of
invasion pathological grade, tumor differentiation and
lymph nodes involvement (Table 3).

Discussion

Recently, colorectal cancer increased dramatically
worldwide which account for 17% of all new cancer
cases and as well as 17% of all cancer deaths (Siegel et
al., 2017). CRC is one of the most crucial public health
problems in Iranian population, because of considerable
increasing incidence of CRC over the past years
(Asghari-Jafarabadi et al., 2009). Various individual and
environmental factors are involved in the development
of CRC. Of individual factors, genetically differences in
order to ethnical and mutational status in different genes
such as KRAS and BRAF are more common in the CRC
development (Nistal et al., 2015). In the present study, we
conducted genetic alterations assessment in KRAS and
BRAF genes in CRC patients. CRC is a complex disease
that has two main contributors to the pathogenesis of this
disease. Additionally, specific genetic alterations are cause
approximately 10% of all colon cancers (Armaghany et al.,
2012). Our study results showed there were 38% KRAS
and 4% BRAF mutants. It shows the higher mutational
risk of Iranian CRC population. In molecular targeted
therapies determination of the tumorous cells status is
a key step. For example, in CRC, patients with KRAS
mutations have been found to be resistant to treatment
with anti-EGFR antibodies. Our study failed to assess
the chemotropic drugs that used, but twenty-one (42%)
isolates were identified as mutant. Furthermore, of 19
KRAS mutant, 18 mutants were detected in exon 5 and

2R 0 wd 826 ag -
Goto st [ mmli
k5

AR A

e L
i

Figure 2. A DNA Sequence Electropherogram of BRAF Gene Mutation (forward direction): A: p. S616T (c.1846T>A)

hetero of exonl5. B: p. V60OE (c.1799 T>A) of exon 15
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Figure 3. 3D Structure of Mutant BRAF Protein (right) and the wild type structure (left) in ribbon and surface
presentation made by Chimera software, with an altered amino acids (Thr) which is indicated in green color and wild

type form of them (Ser).
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Figure 4. DNA Sequence Electropherogram of BRAF Gene

only one mutant (c.34G>T, p. G12C) observed in exon
2 (codon 12). According to the study conducted in Iran
which found KRAS mutation rate in CRC is 33.6 that was
similar to our findings (Koochak et al., 2016). On the other
hand, the KRAS mutation rate in the European countries,
Japan and China, the Middle East has been reported to be
36, 38, 24 percent, respectively (Koochak et al., 2016).
The BRAF mutation rate is less than 10% in which 80%
of them occurred in exon 15 (De Roock et al., 2009). As
well, two mutations in exon 15 of BRAF were observed
in men older than 50 that including one novel variant
(p. Ser616Thr (c.1846T>A). This novel variant was not
observed in that patient’s daughter. The normal allele or
the novel variant probably has occurred somatically that
daughter. This data could be showed the Iranian CRC
patients genetic diversity from other nations and or to be
the probable cause of increasing number of CRC cases in
Iran. The most mutations in codon 12 for KRAS oncogene,
are Gly to Asp, Gly to Val and Gly to Cys (Dobre et al.,
2015, Faghani et al., 2012, Li et al., 2010). In our study,
missense mutation ¢.34G>T, which causes the Gly to be
replaced with Cys was found. While in codon 13 we did
not find any genetic changes. In addition, we detected
synonymous mutation ¢.34G>T (p. G12C) in 18 CRC
patients which the frequency of KRAS mutations in CRC
i8 36 —40% (Amado et al., 2008). According to catalogue
of somatic mutations in cancer (cosmic) (https://cancer.
sanger.ac.uk/cosmic ), frequency of G12C mutation
among KRAS-mutated CRC is 7.9%. The most common
mutation (p. V600E) for BRAF was observed only one

case which the frequency of BRAF mutations in CRC is
47 —96% (Rizzo et al., 2010). The coexistence of KRAS
and BRAF mutations was not found in our patient. On the
basis of our result and previous study, there is a statistically
meaningful association between KRAS mutations and male
gender, the higher age of patients (more than 50 years),
and tumor size of p73, tumor type of adenocarcinoma
mucinous, and lymph nodes un-involvement (Walshe et
al., 2017, Yang et al., 2017). The main limitations of our
study were incomplete analysis of identified novel variant
due to the expired patient. The patient that carry the novel
variant had no siblings. We found that p. Ser616Thr
(c.1846T>A) mutation was not previously reported. As
well as other new variants, can be identified in KRAS
and BRAF which lead to colorectal cancer. We conclude
that other new mutations can be identified in the genes
responsible to colorectal cancer such as KRAS and BRAF
which may lead to this cancer.
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