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Abstract

Background and Objective: Breast cancer is the type of cancer that most affects women around the world. It accounts for around 30%
of all cancers.KRAS gene is mutually initiated in about 20% of every single vigorous cancer. However, the further development of clinically
successful KRAS coordinated malignancy treatments was usually unsuccessful and KRAS mutant malignancies are among the most
resistant drugs. KRAS gene variations usually occur in many adenocarcinomas such as; lung, pancreas, breast and colon. The role of
oncogene KRAS in later periods of neoplastic development that is taken after the onset is still poorly understood. The aim of this study
is to investigate mutation and mRNA expression level of KRAS in breast cancer patients by using DNA sequencing and semi-quantitative
reverse transcriptase techniques. Materials and Methods: The study included 44 paired normal and tumor samples from patients
grouped based on the types of breast cancer and the patients' clinical characteristics, including age and grade of tumors. Results: The
KRAS expression on the level mRNA was significantly increased (up-regulated) in tumor samples compared to the control samples.
However, a heterozygous mutation (G>A) (GGT/GAT) was identified in two patients in the KRAS gene. Conclusion: The up-regulated
expression of KRAS on the level mRNA can be a risk factor for breast cancer development and the changed KRAS expression level can
alter individual breast cancer sensitivity.

Key words: Breasts cancer, KRAS, semi-quantitative PCR, nucleotide sequencing

Citation: Rozhgar A. Khailany, Muhammad Safdar and Mehmet Ozaslan, 2019. Molecular investigation of KRAS gene in breast cancer patients. J. Biol. Sci.,
19:323-327.

Corresponding Author:  Mehmet Ozaslan, Department of Biology, Gaziantep University, Gaziantep, Turkey

Copyright: ©2019RozhgarA.Khailany et a/ Thisis an open access article distributed under the terms of the creative commons attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Competing Interest: The authors have declared that no competing interest exists.

Data Availability: All relevant data are within the paper and its supporting information files.


http://crossmark.crossref.org/dialog/?doi=10.3923/jbs.2019.323.327&domain=pdf&date_stamp=2019-09-21

J. Biol. 5ci,, 19 (5): 323-327, 2019

INTRODUCTION

Cancer is a complex of diseases that generates various
pathological and metabolic changesin cellular environments’.
It occurs through different signalling mechanisms, including
cell multiplication, angiogenesis and metastasis'?. It is the
type of cancer that most commonly affects women
worldwide?. It represents approximately 30% of all various
cancers?.

KRAS is initiated with mutation in about 20% of every
single vigorous cancer®, However, the further development of
malignant therapies coordinated by clinically successful KRAS
was usually ineffective and mutant neoplasms are among the
most resistant drugs*>. KRAS changes most often occur in
many adenocarcinomas such as; lung, pancreas, breast and
colon and mutational activation of KRAS in these tissues are
sufficient to initiate neoplasia in mices”’. The role of oncogene
KRAS in later periods of neoplastic development, taken after
the onset, is not yet well known. Oncogenic “reliance” is a
curiosity where tumors only require the supported expression
and association of a distorted initial gene, despite the
accumulation of numerous oncogenic lesions®. Clinically,
this can be seen in pancreatic carcinomas (70-90%), colon
(30-50%) and lung (20-30%)°'°. In breast cancer, however, the
importance of KRAS is relatively not intensively focused due
to the low frequency of mutation'®. Molecular techniques are
currently promising tools that can tackle critical problems with
early recognition of breast cancer. In general, molecular
markers are valuable for showing the risks and recognizing the
first periods of breast tumor'". Recently, the look for molecular
markers that can be used for the early detection of breast
cancer has become an essential object of clinical research,
especially since current methods are invasive and non-specific
and require additional procedures for the therapeutic
decision'.

The expression and description of genes are consistent
events in the progress of human cancer detection and the
evaluation of a potential tumor marker'?. These are frequent
events in the progress of human cancer determination and
quantification of a potential tumor''2, Profiling can also
change the predictions and treatment decisions in patients
of breast cancer'?. The RT-qPCR is a high-throughput
advancement that uses a delicate online fluorescence
reference system to estimate the expression state in disease
tests'2. RT-PCR also makes early diagnosis of cancer possible
when the tumor burden is small and the disease is likely more
treatable'?. The limited clinical research is accessible on gene
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expression and mutation screening in KRAS-based breast
cancer. The majority of the published work also relates to
expression or mutation studies on patient samples.

In the current project, which studies the possible role of
the KRAS gene in breast cancer, we proposed to investigate
probable mutation and gene expression at the level of mRNA
of KRAS gene in patients of breast cancer by following DNA
sequencing and reverse transcriptase polymerase chain
reaction (RT-PCR)) analysis. We investigated the role of
KRAS in 44 breast tumors and 44 breast tumor-free and
differentiated the results of samples in the province of Erbil in
Iraq.

MATERIALS AND METHODS

Experimental site: This study was carried out at Zheen
International Hospital, Erbil, Irag, between September, 2017
and April, 2018.

Patients: The samples were collected from the Rizgary
Hospital in Erbil, Irag. A total of 88 samples were analyzed. The
study included 44 paired normal and tumour samples of
patients that were grouped according to the types of breast
cancer and the clinical characteristics of the patients, including
age and grade of tumours. The tissue samples of the breast
were stored at -80°C until nucleic acid extraction. Informed
consent was taken from all participants and the study
approved by the local ethics committee and was conducted
under the guidelines of the declaration of Helsinki.

DNA and RNA extraction: DNA and RNA samples from breast
biopsied tissues were extracted usinga commercial extraction
kit according to the manufacturer's protocols; DNA obtained
by AccuPrep Genomic DNA Extraction Kit (Bioneer, Korea) and
RNA obtained by ExiPrepTM Tissue total RNA kit (Bioneer,
Korea). Quantification and qualification of DNA and total RNA
concentration was performed utilizing NanoDrop (ND-1000,
USA).

Complementary DNA synthesis: Complementary DNA (cDNA)
synthesized by protoScript First Strand cDNA Synthesis Kit
(BioLabs, England) according to the manufacturer's direction.
The work area was cleaned by 70% (v/v) ethanol and filter tips
were used in all steps. Thaw system components and put on
ice. A variable amount of total RNA was utilized for each
sample since the quality and quantity of total RNA are not
equal.
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Table 1: Sequence, PCR product size and annealing temperature of utilized

primers
PCR Annealing
product temperature
Primers Sequence (bp) (°Q)
KRAS gene
Exon 2
Forward 5'-AGGCCTGCTGAAAATGACTGAA-3' 168 55.0
Reverse 5'-AAAGAATGGTCCTGCACCAG-3'
KRAS gene
Exp.
Forward 5'-GCCTGCTGAAAATGACTGAAT-3' 116 55.5
Reverse 5'-TTGTGGACGAATATGATCCAACA-3'
GAPDH gene
Forward 5'-GGTCCACCACCCTGTTGCTGT-3' 456 59.4

Semi-quantitative RT-PCRanalysis: The cDNA was amplified
by semi-quantitative RT-PCR and employed the expression
primers (Table 1). GAPDH gene was employed as a
housekeeping gene for the normalization of KRAS gene
expression data'. Reaction and condition of PCR were
performed using Eppendorf MasterCycler Pro PCR System
(Eppendorf, German). A 50 pL reaction mixture was
prepared in PCR tubes containing 3 pL cDNA template, 25 pL
ready master mix (Amplicon lll, Danemark), 1 pL forward
primer, 1 pL reverse primer and 20 pL ddH,0. The cycling
conditions comprised of initial denaturation at 94°C for
10 min, 35 cycles of denaturation at 94°C for 30 sec,
annealing temperatures in Table 1 for 30 sec and extension
at 72°C for 30 sec and final extension at 72°C for 5 min.
Quantity of mRNA expression were discriminated employing
agarose gel electrophoresis (2%) in the presence of SYBR
green as a safe station. Agarose gel image was captured
and quantitated expression of mRNA level by image)
software program (version 1.46r)3.

DNA sequencing: Mutation analysis of exon 2 in the KRAS
gene was performed using genetic analyzer. Primers were
obtained by Serban et a/', primer details indicated in
Table 1. PCR amplification was conducted using a gradient
thermal cycler device (Eppendorf, Germany), 50 uL reaction
mixture was prepared in PCR tubes containing 2 uL DNA
template, 25 pL ready master mix (Amplicon Ill, Danemark),
1 uL forward primer, 1 uL reverse primer and 21 yL ddH,0.
The cycling profile consists of an initial denaturation step of
10 min at 95°C, followed by 35 cycles of 30 sec. At 95°C,
45 sec. At 67°C, 30 sec. At 72°C and final extension 5 min
at 72°C. The PCR products were run in 2% agarose gel
electrophoresis. Bands stained with SYBR green was
visualized on a UV transilluminator using 100 bp ladder
(Genedirex, Korea), expected size of the PCR amplicon was
168 bp.
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DNA sequencing, using both forward and reverse primers,
was performed separately by Applied Biosystem 3130X
genetic analyzer (Singapore). The PCR fragments of the KRAS
gene was excised from the agarose gel and used as a source
of DNA template for sequence-specific PCR amplification.

Statistical analysis: The statistical analysis of gene expression
was carried out using Wilcoxon signed rank test, significance
was assumed at value of p<0.05. The statistical tests were
made by employing SPSS software (V.16).

RESULTS

KRAS mutation result: The DNA sequence of the KRAS gene
was obtained from the NCBI website, to compare theresulting
DNA sequence of the patient and normal samples (Query
Sequence) with the reference sequence (Subject Sequence).
Only two patients were detected in the study with a single
nucleotide substitution mutation (G>A) (GGT/GAT) in the
KRAS genein a sample of breast cancer. Figure 1 indicates and
reveals the mutated sequence.

KRAS expression result: The mRNA expression level of KRAS
was measured by semi-quantitative RT-PCR and separated by
2% agarose gel electrophoresis. The expression level of KRAS
gene was obtained from 44 pairs; tumor and normal samples.
Various expression level of each patient was observed, the
comparison between normal controlsand tumorsis indicated
inFig.2. The mRNA expression level of 41 tumors according to
normal controls was increased (Up-regulated). Quantity of
mRNA expression of KRAS tumor samples were increased
according to expression level of normal control samples,
p = 0.000 and statistically it is significant counted on (t-test,
p<0.05) (Fig. 3).

DISCUSSION

Most previously published researches on simultaneous
KRAS mutations focused on colorectal cancer®. Some studies
recommended that KRAS and PIK3CA mutations existed side
by side within the same tumor'. The PIK3CA mutations
coincided with the RAS mutations in colorectal cancers",
while the previous study showed that mutation activation of
the PI3K pathway was mutually particular with the RAS
pathway in breast cancer.

In this study, we found KRAS mutations (G>A) (GGT/GAT)
in two patients with breast cancer. Although a higher
frequency of KRAS mutation is primarily found in colon,
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(a)

(b)

Fig. 1(a-b): DNA sequencing results is showing a single mutation in a breast cancer patient as a result of (G<A) in exon 2 of the
KRAS gene, (a) Patient 1 sequence result and (b) Patient 2 sequence result
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Fig. 2: The mRNA expression level of each normal control and tumor according to KRAS/GAPDH

The mRNA expression level of 41 breast cancer was up-regulated
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Fig. 3: Statistical results of the mRNA expression level of
KRAS/GAPDH gene in both normal and breast cancer

samples
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pancreatic and lung cancers, recent associations among
KRAS hyperactivity and human breast cancer have been
investigated. Mutations were found in 12.5% of cases',
but only 5% of cases were registered in the COSMIC
database of Sanger version 28 (http://www.sanger.ac.uk)/
genetics/CGP/cosmic/)'®. The lower frequency of KRAS
mutations in breast cancer cell lines proposed that genetic
variation is less significant in carcinogenesis of breast cancer
than in other types of cancer, although at a "hotspot" in the
KRAS gene mutations were found in a small subgroup of
breast cancer).

An important goal in today's research is the invention of
new molecular biomarkers that can identify breast tumors
in initial stages'. Recently, molecular genetic analysis has
extended the possibility of testing new potential biomarkers
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because only afew markers can be recommended for practical
use in the clinic'. Studies on gene expression analysis have
been published in several new perspectives in cancer and the
investigation of mMRNA expression becomes a useful agent
for cancer detection, classification and prediction of the
disease™. In our study based on RT-gPCR, the KRAS gene was
significantly up-regulated in patients with breast cancer. This
study was similar to another observation that revealed an
increase in the expression level of KRAS mRNA™. KRAS
expression is regulated by the binding of proteins to its
promoter during the initiation of transcription and as the
transcriptional elongation by microRNAs that affect the
stability of KRAS mRNA. Recently, it has been observed that
several microRNAs (miRNAs) are involved in the KRAS
signalling pathway and carcinogenesis of the breast. The
specific miRNAs indirectly affected KRAS signalling by
regulating the genes associated with KRAS™,

CONCLUSION

A statistically significant association was established
between the increase in KRAS expression level and the
pathogenesis of breast cancer compared to normal breast
tissue samples. To date, regulation of KRAS expression,
downstream events of KRAS signalling and all genes that
respond to KRAS remain mostly unclear. Future studies
investigating the regulation of KRAS improve our
understanding of the biologicalimportance of KRAS in healthy
tissues and breast cancer.
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