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Abstract

Objective: Acute myeloid leukemia is caused by the clonal proliferation of undifferentiated myeloid hematopoietic
precursors. AML prognosis is highly involved in the treatment response and is determined by mutations in several genes
such as N-RAS. This study aims to identify the distribution of common N-RAS mutations (codons 12, 13, and 61) in
AML patients using the HRM method and confirm this method’s efficiency for mutation detection by comparing its
results with the sequencing data as the Gold standard method. Methods: Peripheral blood samples were taken from 50
newly diagnosed AML patients. Mononuclear cells were isolated from samples, and DNA was extracted. Then, mutation
detection was investigated using the HRM method. Efficacy of the HRM method in mutation detection was determined
in comparison with direct sequencing. Results: N-RAS mutations were detected in 7 of the 50 samples (14%). Most
of the mutations were found in codon 12 (57.14%), and 28.57% and 14.28% of mutations were in codons 61 and 13,
respectively. There was no statistically significant association between patients’ demographic data and HRM results.
Conclusion: According to mutation detection results and the HRM results confirmation with the sequencing method,
this method can be introduced as an efficient, low-cost, and fast method for detecting common mutations.

Keywords: HRM- AML- N-RAS

Asian Pac J Cancer Prev, 23 (1), 125-130

Introduction

Leukemia is a group of malignancies characterized by
excessive production of blood cells, which has multiple
subtypes based on the kind of affected blood stem cells
or its acute and chronic forms (Hao et al., 2019). The
National Cancer Institute (NCI) estimates that leukemia
will cause 3.2% of all new cancer cases in 2021 and 3.9%
of all cancer deaths in the United States(Siegel et al.,
2021). One of the most aggressive types of leukemia is
acute myeloid leukemia (AML), which accounts for 1.1%
of all leukemia cases and 1.9% of leukemia deaths(Miller
et al., 2021). Genetic factors such as somatic mutations
in blood progenitor cells are identified as risk factors for
AML (Schlenk et al., 2008). These mutations are divided
into two categories (Speck and Gilliland, 2002): mutations
occurred in tyrosine kinase receptors such as Ras family
genes and FLT3 gene, which enhance hematopoietic
progenitor cells’ growth, survival, and proliferation
(Pedersen-Bjergaard et al., 1988; Kitayama et al., 1996);

and transcription factors genes mutations that prevent cell
differentiation (Frohling et al., 2005).

The Ras gene family is involved in cell signaling
pathways such as regulating cell proliferation,
differentiation, apoptosis, etc. It is demonstrated that
mutations in these genes can transform them into active
oncogenes indicating their significant role in tumorigenesis
(Changetal., 2003; Zhang and Liu, 2002). Point mutations
in N-RAS, K-RAS, and H-RAS are identified in different
types of malignancies (Renneville et al., 2008; Kiyoi et al.,
1999). The Ras genes mutations are prominent in AML
that occur in 15-40% of patients. Among them, N-RAS
mutations are the most prevalent; however, the exact
impact of these mutations in various types of cancers is not
yet defined (Liu etal., 2019). N-RAS mutations frequently
occur in codons 12, 13, and 61. In AML, some studies
reported N-RAS mutations as a favorable prognostic
marker (Paquette et al., 1993), whereas others found its
association with either poor patient outcome (Bowen et al.,
2005) or no association with AML prognosis.Therefore,
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rapid detection of this gene mutations can have positive
effect on the prognosis and treatment of patients (Wang
etal., 2017).

Multiple methods such as Allele Specific
Oligonucleotides, Single Strand Conformational
Polymorphism, DNA microarray technology, and
Nucleotide sequencing have been used to detect somatic
mutations, and several studies have been performed to
select the best method for improving mutation detection
with the highest sensitivity and specificity and the least
limitations. Recently, High resolution melting (HRM)
analysis has been widely used as an accurate, rapid and
efficient technique in molecular biology research and
clinical diagnosis to detect nucleic acid sequence variations
such as mutations and single nucleotide polymorphisms.
It is a post-PCR method based on PCR melting curve
analysis. During the PCR process, intercalating dyes emit
fluorescent light following the binding to double-stranded
DNA. Thereupon, in the HRM step, the PCR products
are gradually heated, and in the melting temperature, the
DNA samples are being denatured, causing fluorescence
fading. Finally, a melt curve is drawn according to the
fluorescence level as opposed to the temperature that even
a single base change will cause alterations in the resultant
melting curve (Moradabadi et al., 2017; Federici et al.,
2018; Er and Chang, 2012; Montgomery et al., 2010;
Norambuena et al., 2009; Hassani et al., 2017; Moonesi
etal., 2021).

Here, we aimed to detect N-RAS mutations that
occurred in codons 12, 13, and 61 in Iranian AML
patients by using the HRM method. We also evaluated the
efficiency of the HRM method to detect N-RAS mutations
in comparison with direct sequencing.

Materials and Methods

Patients and Samples

In this study, we obtained 50 whole blood samples
from newly diagnosed AML patients, and patients under
treatment and patients suffering from a concomitant
complication were excluded from this study. Five mL of
patients’ venous blood was collected in EDTA-containing
tubes from Imam Khomeini Hospital and Imam Reza
Hospital of Tehran, Iran, from 2018 to 2020. All patients
signed informed written consent forms. The study
protocol was approved by the Aja University of Medical
Sciences Research Ethics Committee (code: IR. AJAMUS.
REC.1398.084).

DNA Extraction

The QIAamp DNA Mini Kit (Qiagen, Hilden,
Germany) was used for DNA extraction according to the
manufacturer’s protocol. To evaluate DNA purification,
the ratio of absorbance values at 260 nm and 280 nm were
calculated by Nanodrop ND-1000 Spectrophotometer
(NanoDrop Technologies). Quality of DNA samples were
also estimated using agarose gel electrophoresis.

HRM Analysis of the Mutations
The nucleotide sequences of designed primers for
targeted codons (12, 13, and 61) in the N-RAS gene
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are shown in Table 1. The primers were designed using
AlleleID® version 6 software. Type-it HRM PCR Kit
(Qiagen, Hilden, Germany) was used for HRM analysis.
HRM reactions, which were carried out by Applied
Biosystems 7500 Fast (ABI) Real-Time PCR System,
contained 10 pl of Type-it master mix, 2 pl of DNA, 0.7
pl of each forward and reverse primers (10 pmol), and 6.6
pL of nuclease-free water in a final volume of 20ul. The
thermal cycling program included the following steps:
initial melting at 95°C for 5 minutes followed by 40 cycles
(94°C for 20 seconds), annealing (60°C for 30 seconds),
and extension (60°C for 30 seconds). Thereafter, PCR
products were melted by a gradual temperature increase
from 40°C to 95°C with a ramp rate of 0.02 °C/S. Finally,
HRM analysis of each sample and result screening was
performed by Applied Biosystems High-Resolution
Melting Software (HRM software).

Direct DNA Sequencing

With the aim to confirm the accuracy of the genotyping
results of the HRM method DNA sequencing analysis was
carried out using Bioneer Corporation (Daejeon, South
Korea). The BLAST GenBank database and Chromas
v.2.1 software (Conor McCarthy, Southport, Australia)
were used to compare results with reference sequences
and analyze them, respectively.

Statistical Analysis

Data analysis was performed by using SPSS Statistics
for Windows, Version 18.0. Mann-Whitney U was used for
descriptive data comparison and evaluating the association
between mutation prevalence and patients’ demographic
characteristics. A value of P<0.05 was considered
significant in statistical analyses.

Results

N-RAS Mutations Prevalence in AML Samples

The N-RAS mutations were identified in 14% (7 out
of 50) of AML patients. The prevalence of the mutations
found in codons12, 13, and 61 were as follows: 4 patients
(57.14%) with mutation in codon 12 (¢.35G > A (p.G12D)
(Figure 1, Figure 2), 2 patients (28.57%) with codon 61
mutation (c.183A > C (p.Q61H) (Figure 3, Figure 4) and
1 patient (14.28%) with mutation in codon 13 (c.38G>A
(p-G12D) (Figure 1, Figure 2)

Codons 12 and 13 mutations led to a reduction of
melting temperature in comparison with the wild type
sequence (Figure 1, Figure 2). In contrast, a higher melting
temperature was observed for the sequence harboring the
mutation in codon 61 than the wild type one (Figure 3,
Figure 4). Comparing the sensitivity and the specificity
of the HRM method and direct sequencing is illustrated
in Table2.

Correlation of N-RAS Mutations Prevalence with
Demographic Characteristics

The average age of patients carrying mutations was 54
years (min: 33 and max: 61). Although the frequency of
N-RAS mutations was higher in men (57%) than in women
(43%), Chi-square (y?) test showed no association between
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Table 1. Primers Used for Mutation Detection

Gene name Primer sequences Primer length Product length

N-RAS (codons F: CAGGTTCTTGCTGGTGTGAA 20 144

12,13) R: CACTGGGCCTCACCTCTATG 20

N-RAS (codon 61) F:ACAGAAAACAAGTGGTTATAGATGGTG 27 111

R: CTTCGCCTGTCCTCATGTATTGG 23
Table 2. Sensitivity and Specificity of HRM Method Compared with Direct Sequencing
Mutant Wild type

Method Gene NO. Tests Positive NO. Tests Negative Total Sensitivity ~ Specificity

Sequencing N-RAS 7 7 43 43 50 100% 100%

HRM N-RAS 7 7 43 43 50 100% 100%
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Var 3 peak: 81.3°C /

45 Patients: Wild type
4 Patients: c.35G>A
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Figure 1. Difference Plot Melting Curve of Codons 12 and 13 of NRAS Gene. Variantl: Wild type, Variant2: ¢.35G>A,
Variant3: ¢.38G>A.45 patients are wild type and 5 patients are mutant.

Table 3. Demographic Information

patients’ gender and mutation prevalence. Table 3 shows
the patients demographic and laboratory information in
detail.

AML is defined as a heterogeneous blood malignancy
with multiple genetic mutations. One common group of
mutations in AML is the N-RAS gene mutations. The
N-RAS gene has a proto-oncogenic role in different
types of cancer (Fernandez-Medarde and Santos, 2011).
Mutations in codons 12, 13, and 61 of this gene are
frequent in AML patients; however, the precise effect of
these mutations in AML pathogenesis and prognosis are
still inconclusive (Chang et al., 2003; Zhang and Liu,
2002). In the present study, we detected the prevalence of
the hot-spot mutations in the N-RAS gene using the HRM
method. HRM is both a sensitive and specific method
for scanning genetic variants. In addition to ease and

Variable Value
Age (years) (mean + SD) 42.8 £22.9 . .
Sex (Male/Female) 1.3 Discussion
Male (No of patients) 28
Female (No of patients) 22
BM Blasts (%) (mean + SD) 67 £20
25%-50% (No of patients) 7
51%-75% (No of patients) 16
76%-100% (No of patients) 27
WBCs (x10%/pul) (mean + SD) 31.44+40.2
Hb (g/dl) (mean + SD) 13.2+4.2
PLT (x10%/pl) (mean + SD) 65+22
FAB Classification (None M3/ M3) 1.6
M3 10
None M3 40

cost-effectiveness, this method is capable of detecting both
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Figure 2. Normalized Fluorescence Melting Curve of Codons 12 and 13 of NRAS. Variantl: Wild type, Variant2:
¢.35G>A, Variant3: ¢.38G>A. 45 patients are wild type and 5 patients are mutant

homozygote and heterozygote types of mutations, unlike
some other PCR-based methods (Moradabadi et al., 2017;
Federici et al., 2018; Er and Chang, 2012; Montgomery
et al., 2010; Norambuena et al., 2009).

The prevalence of N-RAS hot-spot mutations was 14%
in adult AML patients in our study. Previous studies with
different detection methods reported various findings in
N-RAS mutations prevalence. Mortazavi et al., (2007)

showed that 20% of their patients had N-RAS mutations
by using the RFLP-PCR method without direct sequencing
confirmation. Pyrosequencing was another method which
was used by Jeong et al., (2013). In that study, N-RAS
mutations incidence was 7.2% in AML patients confirmed
by direct sequencing. In two separate studies in Chinese
populations, Yang et al., (2013) and Zhou et al., (2017)
reported the incidence of N-RAS mutations as 9.7% and

Var 1peak: 82.0°C
Var 2 peak: 82.8°C

Difference

Difference Plot

48 Patients: Wildtype
2 Patients: c.183A>C

76 77 8 79 80 81

Temperature (°C)

Legend
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Figure 3. Difference Plot Melting Curve of Codon 61 of NRAS. Variantl: wild type, variant2: c.183A>C. 48 patients

are wild type and 2 patients are mutant
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Figure 4. Normalized Fluorescence Melting Curve of Codon 61 of NRAS. Variantl: wild type, variant2: c.183A>C.

patients are wild type and 2 patients are mutant

8% using the HRM method, respectively. The difference
in the studied populations and the use of different methods
might have contributed to varying results in determining
the prevalence of N-RAS mutations in our study compared
to others.

In accordance with aforementioned studies (Mortazavi
et al., 2007; Jeong et al., 2013; Yang et al., 2013;
Noroozi-Aghideh and Kheirandish, 2019), mutation at
codon 12 was the most common mutation that occurred
in N-RAS gene in study. Recently in a study by Wang et
al., next-generation sequencing was carried out for newly
diagnosed AML patients to identify patients with N-RAS
mutations (Wang et al., 2020). They discovered 13% of
AML patients had N-RAS mutations, and the highest
prevalence was in codon 12 mutations (57.9%). Formerly,
Karmer et al., (2009) suggested HRM as an adequate
pre-screening method to detect common K-RAS mutations
in either non-small cell lung cancer or colorectal cancer
for diagnostic targets and personalized therapy plans.

The HRM results in our study were confirmed totally
by direct sequencing which may reassure us about this
method accuracy. Direct sequencing is the gold standard
method for the mutation detection. However, HRM
is Faster and more accessible than direct sequencing.
In another study, Heideman et al., (2009) reported the
sensitivity of the HRM method to be up to 5% for detecting
mutated DNA in the whole genome extracted from bone
marrow cells. Moreover, the HRM method can detect
mutations in samples with low mutated cells and illustrate
them with a different graph from either wild type or 100%
mutant samples (Moradabadi et al., 2019). In other words,
the fewer mutant cells the sample has, the more the melt
curve resembles wild-type samples. Standard samples are

highly recommended for AML patients’ monitoring in
mutation detection tests by the HRM method (Didehdar
et al., 2016). Standard is a 100% mutant sample which
other samples’ graphs are compared with to evaluate
the percentage of mutated cells in each sample. Using
the HRM method for minimal residual disease (MRD)
scanning in adult AML patients with N-RAS mutations can
be useful and debatable, so the conduction of upcoming
studies for MRD scanning with larger sample sizes and
considering standard sample is suggested.

In conclusion, our findings suggest the possibility of
adapting the HRM method as a pre-scanning tool before
direct sequencing for diagnosis, follow-up, and treatment
response approaches in AML patients. It may significantly
accelerate the diagnosis procedure and reduce diagnostic
test costs as well.
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