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ABSTRACT

Background: Acute myeloid leukemia (AML) is a genetically heterogeneous leukemia characterized by abnormal myeloid blast
accumulation, disrupting normal hematopoiesis and leading to rapid progression. Objective: To investigate SNPs within the 3’UTR of
the CCAAT/enhancer-binding protein alpha (CEBPA) gene and its association with AML in Iragi patients. Methods: The study was
carried out on 120 AML patients classified into newly diagnosed, induction chemotherapy, and consolidation chemotherapy stages (40
each), and 40 individuals as a control group. Genomic DNA was extracted from AML patients and controls, followed by PCR
amplification and Sanger sequencing of the 3’UTR region of the CEBPA gene. The AML patients were characterized by age, sex,
FMS-like tyrosine kinase 3 internal tandem duplication (FLT3-1TD), Nucleophosminl (NPM1) mutations, the French-American-British
classification (FAB), and the World Health Organization (WHO). Results: The results revealed significant age differences among AML
subgroups and notable hematological abnormalities, including reduced hemoglobin and platelet levels. According to the WHO
classification, PML-RARA emerged as the most frequent fusion transcript. Based on FAB classification, M3 was the most common,
followed by M4 and MO. The NPM1 mutations were more common than FLT3-ITD. The sequencing of the CEBPA 3'UTR region
identified 83 variants, including 46 novels, 14 new forms of known SNPs, and 23 registered SNPs, reflecting substantial regulatory
heterogeneity in this non-coding region. Conclusions: The CEBPA 3'UTR mutations reveal considerable genetic diversity among Iraqi
AML patients, suggesting a potential regulatory role.
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INTRODUCTION molecular  pathogenesis involves mutations in

transcription factors, tumor suppressor genes, and
Acute myeloid leukemia (AML) is a genetically diverse signaling pathways regulating differentiation and
hematologic malignancy marked by clonal proliferation proliferation [2,3]. AML represents ~80% of adult acute
of myeloid precursors in the bone marrow, leading to leukemia cases, and its prognosis depends largely on
impaired hematopoiesis and bone marrow failure [1]. Its underlying cytogenetic and molecular features [4]. The
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World Health Organization (WHO) classification of
AML incorporates genetic alterations to refine diagnosis
and prognosis, highlighting the significance of specific
mutations and polymorphisms in disease progression
[5,6]. While the French-American-British (FAB)
classification categorizes AML into subtypes (M0-M7)
based on blast morphology, molecular studies have
identified recurrent genetic mutations [7]. Genetic
mutations play a crucial role in AML pathogenesis, with
recurrent alterations detected in key genes involved in
hematopoietic  differentiation, proliferation, and
apoptosis. Among these, mutations in FMS-like tyrosine
kinase 3 (FLT3), 30-35%; Nucleophosmin 1 (NPM1),
25-30%; and CCAAT/enhancer-binding protein alpha
(CEBPA), 10-15%, are frequently observed [8,9]. The
CEBPA gene, located at chromosome 19g13.1, isa GC-
rich (77%) single-exon gene encoding a 358-amino-acid
transcription factor critical for myeloid differentiation
[10]. It exists in two isoforms: full-length p42 and
truncated p30, both derived from the same gene but
translated from 2 distinct AUG translational start sites
[11]. This protein is a transcription factor, meaning it
binds to specific DNA sequences to help regulate the
expression of certain genes [12]. Mutations in this gene
can disrupt normal cellular differentiation and promote
leukemogenesis. In AML, CEBPA mutations are
considered a significant marker for prognosis, and their
presence can influence treatment response and survival
outcomes. Some studies have linked CEBPA mutations
with a better prognosis, especially in patients with
isolated mutations, but their clinical significance is often
context-dependent, requiring consideration of co-
occurring mutations like FLT3 and NPM [13,14]. The 3’
untranslated region (3'UTR) of CEBPA plays a vital role
in regulating gene expression through control of MRNA
stability —and translation.  Single  Nucleotide
Polymorphism (SNP) within this region disrupts
miRNA binding or alters RNA structure, potentially
affecting CEBPA function [15]. This study aims to
investigate the presence of SNPs within the 3°UTR of
CEBPA and assess their possible association with AML
in Iraqi patients. Since the genetic variations in this gene
have not been previously studied in Irag, this research
aims to fill that knowledge gap.

METHODS
Study design and sampling

In this case-control study, one hundred twenty blood
samples were collected from AML patients aged 14-80
years at the National Center for Hematology in
Baghdad, Iragq. The samples were evenly distributed
between 60 males and 60 females. The patients were
classified into three groups: 40 newly diagnosed (NDX)
cases, 40 instances undergoing induction chemotherapy
(ICT), and 40 cases in the consolidation chemotherapy
stage (CCT). Additionally, 40 control samples (20 males

135

3'UTR variants of CEBPA in Iraqi AML patients

and 20 females) from healthy individuals aged 14-80
years were obtained from the National Blood Bank in
Baghdad, Iraq.

Sample collection

This study's sample collection period extended from
November 11, 2023, to July 10, 2024. AML diagnosis
and classification were performed according to the FAB
system (M0-M7) and the WHO guidelines for
promyelocytic leukemia-retinoic acid receptor alpha
(PML-RARA), Runt-related transcription factor 1-
RUNX1 partner transcriptional co-repressor 1 (RUNX1-
RUNX1T1), and core-binding factor subunit beta—
myosin heavy chain 11 (CBFB-MYH11), which
included clinical, morphological, biochemical,
cytogenetic, and gene mutation analyses. Clinical data,
including age, sex, white blood cell (WBC) count,
platelet count (PLT), disease status, and the presence of
FLT3-ITD and NPM1 mutations, were obtained from
patient records. Patients with comorbidities such as
diabetes, infectious diseases, Down syndrome, and other
chronic illnesses were excluded from the study.

Molecular analysis and variant detection

Peripheral blood samples were collected in EDTA tubes
and processed for DNA extraction using the
FavorPrep™ Genomic DNA Kit (FAVORGEN,
Taiwan) following the manufacturer's instructions.
DNA purity was assessed via NanoDrop
spectrophotometry (Thermo Fisher Scientific, USA).
The primers used in this investigation were designed
based on their reference sequences from the National
Center for Biotechnology Information (NCBI) database
and obtained from Macrogen Company. The forward
primer sequence was 5'-
CGGCAACTCTAGTATTTAGGA-3', and the reverse
primer was 5-ATACAAGTGTTGATATCGGCT-3".
This study specifically designed these primers to
amplify a 706 bp fragment within the 3'UTR of the
CEBPA gene. All PCR procedures were completed
following the manufacturer's instructions. A final
volume of 25 ul reaction contained 12.5 pl of OneTaq
NEB® master mix (NEB®, USA), 4 ul of DNA sample,
1 pl of 10 pmol/pl from each primer, and 6.5 pl of
nuclease-free water. Amplification was performed using
the following thermal cycling conditions: an initial
denaturation step at 95 °C for 5 minutes, followed by 35
cycles of denaturation at 95 °C for 30 seconds, annealing
at 48 °C for 30 seconds, and extension at 72 °C for 30
seconds. A final extension was carried out at 72°C for 5
minutes. The amplified products were visualized by
1.5% agarose gel electrophoresis. The annealing
temperature that resulted in a clear and sharp band was
selected as optimal for the target gene. The PCR
products were subsequently dispatched to Macrogen,
Korea, for sequencing via the Sanger method. The
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resulting sequencing data, provided in FASTA format, calculated using a Mann-Whitney or Kruskal-Wallis test
were analyzed using Geneious Prime software. for non-parametric data. Chi-square was used to
Sequence alignment was performed against the calculate the probability for categorical data.
reference sequence (RefSeq) of the CEBPA gene, Differences were considered significant at P < 0.05.
accession number 1050, to accurately identify and Bioinformatics tools were used in this study. Geneious
characterize potential SNPs and mutations within the Prime was employed to analyze Sanger sequencing data
gene. and its alignment with NCBI reference sequences.
Ethical considerations RESULTS
The study protocol was approved by the ethical The median age of participants in the control group was
committee of the Biotechnology Department, College of 34.5 years (range: 14-80), while it was 56 years (range:
Science, University of Baghdad, according to the 14-80) in the newly diagnosed AML group, 32 years
reference number CSEC/1123/0070. (range: 14-70) in the induction group, and 34.5 years
(range: 18-61) in the consolidation group. Age was
Statistical analysis analyzed as a continuous variable and categorized into
defined age groups. The Kruskal-Wallis test showed a
Statistical analysis was performed using several statistically significant difference in age distribution
statistical packages for Windows, SPSS version 20 among the groups (p= 0.0003), as shown in Table 1.

(IBM Corp., Armonk, N.Y., USA). The probability was

Table 1: Distribution of study groups according to age (n= 40 in each group)

Age Age group (year)
S (year) 10-19 20-29 30-39 40-49 50-59 60-69 >170
Control 34.5(14-80) 4(10) 9(22.5) 11(27.5) 8(20) 6(15) 2(5) 0(0.0)
Newly diagnosed 56(14-80) 5(12.5) 5(12.5) 2(5) 4(10) 13(32.5) 6(15) 5(12.5)
Induction 32 (14-70) 3(7.5) 5(12.5) 5(12.5) 6(15) 8(20) 7(17.5) 6(15)
Consolidation 34.5(18-61) 7(17.5) 11(27.5) 6(15) 5(12.5) 8(20) 2(5) 12.5)
p-value 0.0003

Data are presented as median and range for continuous variables (age) and frequency and percentage for age groups. The Kruskal-Wallis test was used,
and a p-value < 0.05 was considered statistically significant.

Regarding sex distribution, no statistically significant females was comparable between groups at the statistical
difference was observed among the study groups (p = level, as illustrated in Table 2.
0.361), indicating that the distribution of males and

Table 2: Distribution of study groups according to sex (n=40 in each group)

Groups Sex
Male Female
Control 20(50) 20(50)
Newly diagnosed 24(60) 16(40)
Induction 16(40) 24(60)
Consolidation 20(50) 20(50)
p-value 0.361
Data are presented as numbers and percentages. Chi-square (?) test was used; p< 0.05 was considered statistically significant.
The clinical characteristics of the study Hb concentration, and PLT count, as shown in
participants  were  assessed based on Table 3.

hematological parameters, including WBC count,

Table 3: Comparison of hematological parameters between AML patients and the control group

G Median (IQR)
WBC count (x10°\L) Hb (g/dl) PLT count (x10°/L)
Control (n=40) 7.19(5.6-8.4) 13.7(12.5-14.5) 252(212.2-293.5)
Patients (n=120) 5.7(2.2-30.3) 8.07(7-9.6) 74.5(28.2-108)
p-value <0.001 <0.001 <0.001

Data are presented as median and interquartile range (IQR). Mann-Whitney U test was used; p< 0.05 was considered statistically significant.

The AML patient group demonstrated counts were substantially decreased in patients
significantly altered values compared to the relative to controls. These differences were all
control group. The median WBC count in patients statistically significant (p < 0.001). Based on the
was lower than that of the control group. FAB classification system, six AML subtypes
Hemoglobin levels showed a marked reduction in were identified among the patients: M0 6 (5%),
patients compared to controls. Likewise, platelet M1 1 (0.83%), M3 20 (16.67%), M4 7 (5.83%),
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M5 2 (1.67%), and M7 2 (1.67%). In many cases, defining mutations. Regarding molecular
82 (68.33%) were categorized as unclassified mutation, FLT3-ITD mutations were identified in
(UC). M3 was the most common, followed by M4 29 cases (24.2%), while NPM1 mutations were
and MO. In contrast, M1, M5, and M7 were detected in 42 cases (35.0%). In contrast, 91
observed at lower frequencies. Among the WHO patients (75.8%) were negative for FLT3-ITD
classification-related genetic abnormalities, the mutations, and 78 patients (65.0%) did not carry
PML-RARA fusion was detected in 12 out of 120 NPM1 mutations. The PCR reactions were
AML patients (10%). The RUNX1-RUNX1T1 conducted on control and AML patient samples
fusion gene was observed in 3 patients (2.5%), to amplify the 3’UTR of the CEBPA gene. The
while the CBFB-MYH11 rearrangement was primer set CEBPA(P) successfully amplified the
found in only one patient (0.38%). Most patients target region in all tested samples, as illustrated
(86.67%) did not exhibit these three WHO- in Figure 1.

706 tp

Figure 1: Agarose gel electrophoresis of the PCR product of the CEBPA fragment with a molecular base of 706 bp for the patient and the
control. L: 100 -1500bp DNA ladder,1-8 were patients,9-15 were controls. Fragments were fractionated by electrophoresis ona 1.5 % agarose
gel and visualized by Safe Red dye.

The sequencing results focused on variants in the mutations) were detected in 54 out of 66 AML
3’ UTR, which may be associated with AML. patients, compared to only 7 out of 40 individuals
Identifying 3” UTR variants is significant, as they in the control group. This difference was
may affect gene expression regulation and statistically significant (p= 0.0019), suggesting a
contribute to AML pathogenesis. Among the study potential association between the presence of
cohort, genomic variants (including SNPs and genetic alterations and AML, as shown in Table 4.

Table 4: Comparison of the presence of genomic variants (SNPs/mutations) between AML patients and controls

Number of subjects

Characteristics Control Patients p-value

Genomic variant Yes 7 54

(SNP/mutation) No 33 66 0.0019
Data are presented as frequencies (number of subjects). Chi-square test was used; p< 0.05 was considered statistically significant.
Subsequently, 83 distinct genetic variants were single-nucleotide  variants  (SNVs),  short
identified within the 3’ untranslated region insertions, deletions, and complex indels. Among
(3'UTR) of the CEBPA gene across all study the detected variants, 46 were classified as novel,
groups, including newly diagnosed patients, those not previously reported in public databases such as
receiving induction or consolidation therapy, and dbSNP or ClinVar, as summarized in Table 5.

the control sample. These variants comprised
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Table 5: Novel genomic variants (SNPs/mutations) identified in the 3'UTR of the CEBPA gene among AML patients

Ger}omic Allele Variation Genomic Number of patients with SNP/mutation
variance variance type location Newly i Ak
(SNP/mutation) Control Mg Induction Consolidation Total

Novel, 33300944 C>T SNV chr19: 33300944 1 0 1 2 4
Novel, 33300396 G>C SNV chr19: 33300396 0 0 2 2 4
Novel, 33300386 >G SNV chr19: 33300386 0 2 1 1 4
Novel, 33300973 A>T SNV chr19: 33300973 0 1 2 0 3
Novel, 33300408 A>C SNV chr19: 33300408 0 2 1 0 3
Novel, 33301012 A>T SNV chr19: 33301012 0 2 0 0 2
Novel, 33300992 A>T SNV chr19: 33300992 0 1 1 0 2
Novel, 33300989 Insertion, T Insertion chr19: 33300989 0 0 0 2 2
Novel, 33300386 C>A SNV chr19: 33300387 0 0 2 0 2
Novel, 33300989 A>T SNV chr19: 33300989 0 0 0 1 1
Novel, 33300980 A>T SNV chr19: 33300980 0 0 1 0 1
Novel, 33300974 A>T SNV chr19: 33300974 0 0 1 0 1
Novel, 33300972 A>T SNV chr19: 33300972 0 0 1 0 1
Novel, 33300961 A>T SNV chr19: 33300961 0 0 1 0 1
Novel, 33300954 C>T SNV chr19: 33300954 0 0 1 0 1
Novel, 33300948 C>T SNV chr19: 33300948 0 0 0 1 1
Novel, 33300947 C>T SNV chr19: 33300947 0 0 0 1 1
Novel, 33300931 C>T SNV chr19: 33300931 0 0 0 1 1
Novel, 33300931 C>G SNV chr19: 33300931 0 0 1 0 1
Novel, 33300928 Insertion, T Insertion chr19: 33300928 0 0 0 1 1
Novel, 33300917 C>G SNV chr19: 33300917 0 0 1 0 1
within rs1016346090

Novel, 33300903 C>A SNV chr19: 33300903 0 0 0 1 1
Novel, 33300899 C>T SNV chr19: 33300899 0 0 0 1 1
Novel, 33300897 G>T SNV chr19: 33300897 0 0 1 0 1
Novel, 33300854 A>T SNV chr19: 33300854 0 0 0 1 1
Novel, 33300783 Insertion, A Insertion chr19: 33300783 0 0 0 1 1
Novel, 33300780 A>G SNV chr19: 33300780 0 0 1 0 1
Novel, 33300655 T>C SNV chr19: 33300655 0 0 1 0 1
Novel, 33300643 C>T SNV chr19: 33300643 0 0 0 1 1
Novel, 33300629 C>G SNV chr19: 33300629 0 0 1 0 1
Novel, 33300623 G>C SNV chr19: 33300623 0 0 0 1 1
Novel, 33300613 G>T SNV chr19: 33300613 0 0 1 0 1
Novel, 33300609 C>T SNV chr19: 33300609 1 0 0 0 1
Novel, 33300600 G>C SNV chr19: 33300600 0 0 1 0 1
Novel, 33300575 A>T SNV chr19: 33300575 0 0 1 0 1
Novel, 33300558 C>A SNV chr19: 33300558 1 0 0 0 1
Novel, 33300558 C>T SNV chr19: 33300558 0 0 0 1 1
Novel, 33300558 C>G SNV chr19: 33300558 0 0 1 0 1
Novel, 33300533 C>G SNV chr19: 33300533 1 0 0 0 1
Novel, 33300406 T>A Insertion chr19: 33300406 0 0 1 0 1
Novel, 33300393 C>G SNV chr19: 33300393 0 0 1 0 1
Novel, 33300387 G>T SNV chr19: 33300387 0 0 1 0 1
Novel, 33300386 G>T SNV chr19: 33300386 0 0 1 0 1
Novel, 33300386 A>C SNV chr19: 33300386 0 0 1 0 1
Novel, 33300381 insertion of A insertion chr19: 33300381 0 0 1 0 1
Novel, 33300969 G>T SNV chr19: 33300969 0 0 1 0 1

Variants were identified and annotated using Geneious Prime

These novel variants were individually distributed
across the cohort, with most variants identified in
different single individuals without recurrence.
They included various types of substitutions, such
as transitions and transversions (e.g., C>T, G>A,
A>C), as well as insertions and deletions. An
additional 14 variants, presented in Table 6, were
recognized as new forms of previously reported
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SNPs. These were located at known SNP positions
but involved different nucleotide substitutions
than those recorded in reference databases. For
example, a substitution of G>A was observed at
rs1967123357 instead of the registered G>T. Each
new form was observed within the dataset in no
more than two cases.
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Table 6: New forms of reported SNPs identified in the 3'UTR of the CEBPA gene among AML patients

Number of patients with

(SNP/mutation)
; o
Gel‘{Ol’l’llC Allele Variation Genomic — 3 = 2
variance variance type location =4 =2 e 5 =
(SNP/mutation) = 2s S £ 3
S zg § gz F
o — o
Q
New form of rs1967123357, G
>T G>A SNV chr19:33300385 0 2 5 0 7
instead of G >A
New form of rs2145257064,
G>T G>A SNV chr19:33300908 0 0 1 2 3
instead of G >A
deletion of T at position )
33301025 of rs1303853358 T>C SNV chr19:33301025 0 0 0 2 2
C>Tinrs1016346090 chr19:33300902-
instead of an Indel delGCCACGGGCCTGCT(C)TCCT Indel 33300929 0 0 1 0 1
New form of rs957209037, C
>T C>G SNV chr19:33300923 0 0 0 1 1
instead of C > G
New form of rs2513326585, A
>T A>C SNV chr19:33300973 0 1 0 0 1
instead of A> C
New form of 152313323909, € C>A SNV chr19:33300618 1 0 0o 0
New form OfrjoS 13325854, C Cc>G SNV chr19:33300568 1 0 0 0 1
New form of rs1967143107, G
>T G>A SNV chr19:33300958 0 0 1 0 1
instead of G >A
New form of 5] $70470253, G G>A SNV ¢hr19:33300723 0 0 o 1
New form of rs1417869963, C
>G C>T SNV chr19:33300640 0 0 1 0 1
instead of C >T
New form of rs1190219619,
G>T G>C SNV chr19:33300862 0 0 0 1 1
instead of G >C
New form of rs1005626115 C>T SNV chr19:33300393 0 0 1 0 1
New form of 152313326439, G G>A/G>C SNV chr19:3330091 0 0 o 1 1
Variants were identified and annotated using Geneious Prime.
DISCUSSION

The remaining 23 variants corresponded to
registered SNPs listed in dbSNP, as shown in
Table 7. The most frequent among them was
rs41367646, observed in seven patients, mainly
from the induction group. This SNP exhibited both
C>G and C>T substitutions. Other recurring
variants included rs707656 and rs10499969, each
observed in up to five cases. The distribution of
these registered SNPs varied among the AML
subgroups. More than 50 of the 83 variants were
detected in individual patients only once,
emphasizing this cohort's predominance of non-
recurrent, unique events. Despite being located in
a non-coding region, this variant profile
demonstrated substantial molecular diversity
within the analyzed segment of CEBPA. Table 6
summarizes sequence alterations that occur at
known SNP positions but differ from the reference
alleles reported in public databases. Table 7
describes previously registered SNPs reported in
dbSNP, detected in the 3'UTR of the CEBPA gene.
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The present study aimed to investigate the
frequency and clinical relevance of CEBPA
mutations in Iraqi AML patients. The findings
provide new insights into the genetic heterogeneity
of the CEBPA gene and its potential association
with disease progression. A significant variation in
age distribution was observed among study
groups, with younger median ages in the induction
and consolidation groups compared to the newly
diagnosed and control groups. This reflects
clinical practice, where younger patients are more
likely to receive intensive chemotherapy. The
findings are consistent with international data
showing AML incidence increases with age
[16,17], while younger patients are often selected
for aggressive treatment [18]. In contrast, sex
distribution did not differ significantly across the
study groups . Equal male-to-female ratios were
observed in the control and consolidation groups,
while slight variations appeared in the newly
diagnosed and induction groups.
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Table 7: Registered SNPs identified in the 3'UTR of the CEBPA gene among patients with AML

Genomic

Number of patients with SNP/mutation

. Allele Variation Genomic e = _E
variance . . S > 2 2 k5] —
(SNP/mutation) variance type location = E g § = g
3 zZ g E 2 =

= = =)

@]
rs41367646 C>G/C>T SNV ¢chr19:33300977 0 5 4 0 9
15707656 G>C SNV chr19:33300623 2 1 1 1 5
rs1049969 T>C SNV chr19:33300901 2 1 1 0 4
941652275 delCCC/ delC/ dupC Indel chr19:33300529-33300534 0 2 0 1 3
rs867364161 G>A SNV chr19:33300446 1 0 0 0 1
rs771978125 C>T SNV chr19:33300576 1 0 0 0 1
1549322947 G>A/G>C SNV chr19:33300630 1 0 0 0 1
rs2513325587 >G SNV chr19:33300384 0 0 0 1 1
rs2145257028 T>C SNV chr19:33300894 0 0 1 0 1
rs1967142985 C>A/C>T SNV chr19:33300956 0 1 0 0 1
11967135055 A>G SNV chr19:33300788 0 0 1 0 1
rs1600019277 >G SNV chr19:33300722 0 0 1 0 1
1490729652 C>A SNV chr19:33300967 0 1 0 0 1
rs1469326844 G>A SNV chr19:33300388 0 1 0 0 1
1460208064, G >A G>A/G>T SNV chr19:33300416 0 0 0 1 1
1443902201 G>C SNV chr19:33300857 0 1 0 0 1
rs1428971730 G>C SNV ¢chr19:33300957 0 1 0 0 1
151417869963 C>T SNV chr19:33300640 1 0 0 0 1
1s1380779275 C>A/C>T SNV ¢chr19:33301007 1 0 0 0 1
rs1247396010 C>T SNV chr19:33300898 0 0 0 1 1
151240079452 A>C/A>G SNV chr19:33300645 1 0 0 0 1
rs1184457934 G>T SNV chr19:33300963 0 1 0 0 1
11005626115 C>T SNV chr19:33300393 0 0 1 0 1

Variants were identified and annotated using Geneious Prime.

These findings align with global AML patterns showing
a mild male predominance but no consistent sex-based
differences in treatment response or prognosis [19].
Hematological analyses revealed significantly reduced
hemoglobin and platelet levels compared to controls,
indicating impaired bone marrow function and disease
burden. While WBC counts varied widely, underscoring
the disease’s biological heterogeneity. These findings
are consistent with previous studies that describe
cytopenia as characteristic features of AML at diagnosis
[20, 21]. Based on the FAB classification, M3 was the
most frequent AML subtype, followed by M4 and MO,
while M1, M5, and M7 were rare [22]. Many remained
unclassified, possibly due to overlapping with
molecularly defined subtypes or atypical morphology.
M3 is strongly associated with the PML-RARA fusion
and favorable response to ATRA/ATO therapy [23],
whereas M4 may correlate with CBFB-MYH11
rearrangements. Less frequent subtypes such as MO0 and
M7 often require immunophenotypic confirmation and
may carry poorer prognoses [24]. According to the
revised WHO classification, AML includes the
following molecular subtypes: RUNX1-RUNX1TL,
CBFB-MYHL11, and PML-RARA. The results revealed
that PML-RARA aberrations were the most frequently
observed, whereas CBFB-MYH1l1 and RUNX1-
RUNX1T1 exhibited the lowest frequencies. These
findings align with previous studies, such as those
reported by [25], which demonstrated that the PML-
RARA fusion gene is the most prevalent molecular
abnormality among AML patients compared to other
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fusion gene subtypes. Furthermore, the mutational
profile revealed notable distributions of FLT3 and
NPM1 alterations among AML patients. The higher
frequency of the NPM1 mutation in AML patients
compared to FLT3-ITD can be attributed to several
factors. NPM1 mutations are commonly found in many
AML cases, especially those with normal karyotypes.
These mutations typically result in the mislocalization
of the NPML1 protein, which affects cellular functions
but does not always lead to as aggressive disease
progression as FLT3-ITD mutations [26]. When
mutations occur in both CEBPA and FLT3, the negative
impact of FLT3 may outweigh the positive effects of
CEBPA, creating an inverse relationship. In this case,
FLT3-1TD mutations can cancel out the potential benefit
of CEBPA mutations. Conversely, NPM1 mutations in
this gene are generally associated with favorable
outcomes, especially in the absence of FLT3 mutations.
The relationship between CEBPA and NPML1 is often
positive [27]. The amplification of the CEBPA gene’s
3'UTR region by PCR, the appearance of a single,
distinct band at the expected size (706 bp) across all
samples, confirms the primer specificity and integrity of
the amplified region. The sequencing analysis of the
CEBPA gene revealed extensive genetic variability
across the AML subgroups and the control sample,
despite the region being non-coding. The predominance
of rare, non-recurrent variants, most of which were
either novel or altered forms of known SNPs, highlights
the potential for significant regulatory heterogeneity
within this region. Such heterogeneity may affect post-
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transcriptional gene regulation, including mMRNA
stability, localization, or miRNA binding, which are
critical in modulating CEBPA expression during
hematopoiesis and leukemogenesis [28]. The high
proportion of novel variants detected in individual
patients suggests patient-specific alterations that may
reflect unique somatic changes or previously
uncharacterized germline polymorphisms in the
population. This is particularly relevant given the
limited representation of Middle Eastern genomes in
global databases like dbSNP or gnomAD, which may
contribute  to  classifying  population-specific
polymorphisms as novel. Furthermore, observing new
forms at known SNP loci suggests that even well-
characterized positions may harbor unrecognized
functional diversity. These altered substitutions may
escape annotation by standard pipelines, despite
occurring at regulatory hotspots. The recurrence of
variants such as rs41367646 and rs707656 in multiple
patients, particularly within specific AML subgroups,
may indicate potential associations with disease stage or
treatment response, warranting further functional
investigation. These findings emphasize the potential
regulatory role of non-coding regions in AML and
support extending genetic analysis beyond coding
sequences, particularly in key transcriptional regulators
like CEBPA [29].

Conclusion

This study highlights the complex genetic landscape of
AML in Iraqi patients, focusing on CEBPA mutations
and their clinical correlations. The detection of
numerous rare and novel variants within the non-coding
3'UTR region of the CEBPA gene underscores the
potential regulatory significance of these regions in
leukemogenesis. The observed diversity, including
population-specific  polymorphisms and recurrent
variants, indicates the need for expanded genomic
databases to represent underrepresented populations
better. Furthermore, the interplay between CEBPA,
NPM1, and FLT3 mutations reinforces the importance
of integrative molecular profiling for accurate risk
stratification and personalized therapy in AML. These
findings support incorporating non-coding regions into
routine molecular diagnostics and open new avenues for
investigating regulatory mechanisms in hematologic
malignancies.
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