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ABSTRACT

Background : NANOG is a transcription factor that is crucial for maintaining pluripotency in embryonic stem
cells. It is involved in self-renewal and differentiation processes. Beyond its role in embryonic development,
NANOG has been implicated in various cancers. The study aimed to detect the polymorphism rs9607340 in
the NANAO gene and the progression of the disease. Method: The study consists of two groups: fifty CML
patients (male 26, female 24) and fifty apparently healthy volunteers (male 25, female 25) from the National
Center of Hematology/ Mustansiriyah University. Result: The result suggests that the SNP rs4012939
heterozygous genotype TC shows significant differences, P< 0.05, it was 48% in chronic CML patients 60%
in controls (and OR = 2.8). The heterozygous CT genotype for rs4012937 showed a highly significant
difference with P <0.01 and OR=7.7.

Conclusion: Polymorphism in the Nanog gene is associated with progression of the disease.

Keywords: Chronic Myeloid Leukemia, polymorphism(rs4012939), NANOG gene.

Introduction with tumors and

Nanog transcription factors are essential for

immortality, persisting in
contributing to relapse and metastasis (4). Given that

sustaining the pluripotent state and promoting self-
renewal in embryonic stem (ES) cells (1). Nanog,
identified as regulator governing
pluripotency and developmental  processes,
represented the initial pluripotency gene wherein
variability and temporal
documented (2). The majority of human tumors
contain a subset of cancer cells known as cancer
stem cells (CSCs), exhibiting biological traits akin to
normal stem cells, including self-renewal and
differentiation (3). CSCs are believed to be endowed

a master

fluctuations  were

CSCs may potentially arise from oncogenic
reprogramming, the identification of molecules
associated with stem cell characteristics, such as
transcription factors, cell surface proteins, stemness
genes, and microRNAs, is a pivotal inquiry. This
exploration can lead to the recognition of novel
therapeutic targets for Accumulating
evidence suggests that NANOG is a pivotal factor
capable of imparting certain CSC properties to
cancer cells, including self-renewal, tumorigenicity,
metastasis, and drug resistance (5). Nanog is a good

cancer.
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prognostic and predictive factor in various human
cancers (6).

Material and Method

This study consists of two groups. The first group
includes 50 patients with chronic myeloid leukemia
CML (male 26, female 24), and the second group
includes 50 apparently healthy volunteers (male 25,
female 25). All samples were diagnosed in the
National Center of Hematology, Mustansiriyah
University.

Blood sample collection

Three mL of blood was obtained from each group for
complete blood count (CBC) and polymorphism
rs4012939.

Genomic DNA isolation

EasyPure® Genomic DNA Kit (TransGen, Biotech.
EE101-01) wused for Deoxyribonucleic acid
extraction.

Conventional PCR

PCR reactions were carried out in a final volume of
25 uL according to the manufacturer's instructions.
The protocol employs 2xEasyTag® PCR SuperMix.
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Agarose gel electrophoresis

Amplified PCR fragments were separated on an
agarose gel and then seen under UV light after
ethidium bromide staining, PCR product, and ladder,
as shown in Figure 1.

Statistical analysis

The result used haplotype combination between
patients and controls was compared using the chi-
square test, OR, and 95% ClI.

Result

DNA sequencing and genotyping

The amplified PCR fragments were subjected to
Sanger sequencing using an ABI13730XL automated
DNA sequencer (Macrogen Corporation, Korea).
One hundred blood samples were used to amplify the
targeted region of the Nanog gene of CML patients
and controls. The primer used for sequencing Nanog
rs 4012939 Sequence (5'—3' direction) forward-
TGGCCAGGAATAAAAGTTAGC Reverse -
GTGTCCAGACTGAAATTGAGT.

Figure (1): PCR product and ladder, ladder size 100-1500, voltage 90V, time 100 min, band size

388bp.
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| Homo sapiens Nanog homeobox pseudogene 1 (NANOGP 1) on chromosome 12
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Figure 2: Representative sequence alignment of Nanog gene amplification results with NCBI Blast. The arrow

is for mutant rs4012939 (T/G) from the CML sample.
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Figure (3): The genus sequence alignment findings for the Homo sapiens NANOG fragments confirmed the
compatibility of sample sequences with a reference sequence from the Gene Bank.

Allele frequency and genotype distribution of the
NANOG gene rs4012939 T>G

Distribution of genotypes and allele frequency of the
single-nucleotide polymorphism rs4012939 of the
NANOG Gene in Iraqgi patients with CML compared
to the control group. This SNP was located in intron
3 on chromosome 12.

According to genotype frequencies Homozygous
wild TT genotype was Ref, and the highest
percentage was in apparently healthy controls 30%
and 0% in CML patients. The frequency of the
heterozygous TC genotype was 84% in CML
patients and 60% in apparently healthy controls,
showing significant differences with P < 0.05.
Homozygous mutant CC genotype frequency was
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16% in CML patients and 10% in controls, and
showed no significant differences. The frequency of
the T allele was lower in CML patients compared to
apparently healthy controls, whereas the frequency
of the C  allele was higher in CML patients
compared to apparently healthy controls.

Another SNP was found in the fourth exon
rs4012937. According to genotype frequencies
Homozygous wild TT genotype was Ref and the
highest percentage was in apparently healthy control
50% and 20% in CML patent, the frequency of the
heterozygous CT genotype was 50% in CML patent
and 16% in apparently healthy control shows high
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significant differences with P < 0.01 and OR= 7.7
Homozygous mutant TT genotype frequency was
30% in CML patients and 34% in Control and shows
no significant differences. The frequency of the C
allele was lower in CML patients compared to
apparently healthy controls, whereas the frequency
of the T allele was higher in CML patients compared
to apparently healthy controls. The result suggests
that the presence of the T allele is associated with
decreased risk of the disease, and the C allele could
have a susceptibility association with increased risk
of having the disease.

Table (1): Genotype and allele frequency among patient groups compared with the healthy group of

NANOG gene rs4012939 T>C.

rs40 Frequencies (%)

1293

9 Patients Control
(n=50) (n=50)

TT 0 (0%) 15 (30%)

TC 42 (84%) 30 (60%)

CcC 8 (16%) 5(10%)

T 40 (40) 42 (42)

C 60 (60) 58 (58)

P QOdd ratio
value (95% CI)

1.00 (Reference)
0.01* 2.8 (2.736 to 23.06)
0.1 1.2 (0.9025 to 5.0659)
1.00 (Reference)

0.06 1.4 (0.973 to 2.852)

Table (2): Genotype and allele frequency among patient groups compared with the healthy group of

NANOG gene rs4012937 C> T.

rs4012937 Frequencies (%) Pvalue  Odd ratio
Patients Control (95% CI)
(n=50) (n=50)
CcC 10 (20%) 25 (50%) - --- 1.00
(Reference)
CT 25 (50%) 8 (16%) 0.002* 77 (265 to
23.06)
TT 15 (30%) 17(34%) 0.1 2.2 (0.8015 to
4.0548)
C 40 (40%) 42 (42%) - - 1.00
(Reference)
T 60 (60%) 58 (58%) 0.06 14 (0973 to

2.852)
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Discussion

Polymorphisms in the NANOG gene rs4012939
were evaluated for susceptibility in Chronic Myeloid
Leukemia. The NANOG gene, which encodes a
homeobox transcription factor, plays an important
role in the maintenance of pluripotency of ESC (7).
SNP rs4012939 was located in intron 3; the
heterozygous TC genotype was
increased in CML patients compared to healthy
controls, so the C allele could have a susceptibility

significantly

association with an increased risk of having the
disease. The heterozygous CT genotype showed a
highly significant difference in CML patients with P
< 0.01 and OR= 7.7.
NANOG gene affect breast cancer risk (8).
Polymorphisms in the NANOG gene can lead to

Polymorphisms in the

variations in gene expression and function. These
genetic variations may influence susceptibility to
CML and the disease's clinical outcomes (9,10).

In the context of chronic myeloid leukemia (CML)
and other m,10alignancies, research has suggested
that specific polymorphisms in the NANOG gene,
including rs4012939, could be associated with
differences in disease risk, progression. However,
findings can be mixed, and further studies are
needed to clarify the exact role of this SNP in CML
and its potential as a biomarker for prognosis or
therapeutic response.
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