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Abstract 

 
Background. One of the most common genetic abnormalities in acute myeloid leukemia (AML) is 

mutations in the CCAAT enhancer binding protein alpha (CEBPA) gene. This gene codes for crucial 

transcription factors for differentiation and controlling the proliferation of myeloid precursors. Aim. To 

analyze the relative mRNA expression of CEBPA in AML patients and its correlation with clinical, 

morphological, cytogenetic, and gene mutation parameters among Iraqi patients for the first time. Methods.  

Utilizing quantitative real-time polymerase chain reaction (RT-qPCR), the expression of the CEBPA gene 

was examined in the peripheral blood of 120 patients and 40 controls. The AML patients were characterized 

in terms of age, sex, FMS-like tyrosine kinase 3 internal tandem duplication (FLT3-ITD) and 

Nucleophosmin1 (NPM1) mutations, the French American British classification (FAB), and the World 

Health Organization (WHO). Results. The findings revealed that the expression levels of CEBPA were 

lower in patients compared to healthy controls, indicating gene downregulation. The expression was lower 

in females than males (p = 0.025) and decreased across disease stages. In addition, the FAB M1 type and 

WHO RUNX1T1/RUNX1 had the lowest CEBPA mRNA expression among the other types. The mutations 

of FLT3-ITD and NPM1 significantly affected CEBPA expression, with FLT3-ITD having the most 

pronounced effect (p = 0.029). Conclusion. The mRNA expression of the CEBPA gene was downregulated 

in patients with AML, especially in females and those with the FAB M1 type and the WHO 

RUNX1T1/RUNX1. Additionally, both FLT3 and NPM1 genes significantly influenced CEBPA 

expression. 
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Introduction 

Acute myeloid leukemia (AML) is a 

heterogeneous group of diseases with 

varying prognoses, courses of the 

disease, and therapeutic responses. The 

risk categorization of AML has been 

improved with the incorporation of 

cytogenetic data in the classification 

process (1). A combination of genetic 

and environmental factors, including 

Down syndrome, Fanconi anemia, and 

exposure to radiation, alkylating drugs, 

or topoisomerase II, may contribute to 

the development of most cases of AML 

(2). Acquired genetic and clonal 

chromosomal abnormalities are present 

in 50–80% of patients with AML, 

particularly in older individuals and 

those with secondary leukemia (3). 

These abnormalities include losing or 

deleting chromosomes 5, 7, Y, and 9. 

Additionally,chromosome translocations 

are common, including t(8;21) 

(q22;q22), t(15;17) (q22;q11), as well as 

trisomy of chromosomes 8 and 21. 

Abnormalities are also observed in 

chromosomes 16, 9, and 11(4, 5).  

Numerous mutations have been 

identified in AML patients, most 

commonly involving the FMS-like 
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tyrosine kinase 3-internal tandem 

duplication (FLT3-ITD) and 

Nucleophosmin 1 (NPM1) genes. These 

mutations significantly impact both 

diagnosis and treatment (6). NPM1 

mutations are generally linked to more 

favorable outcomes, particularly when 

FLT3 mutations are absent. 

Additionally, there is often a positive 

relationship between CEBPA and NPM1 

(7). 

In addition to genetic heterogeneity, 

the French-American-British (FAB) 

Collaborative Group system classifies 

AML into eight subtypes (FAB M0 to 

M7) based on the type of cell from which 

the leukemia originates and the maturity 

level of those cells (8). This 

classification is important because AML 

exhibits a wide variety of morphological 

and cytochemical characteristics (9). 

 The most common genetic 

abnormalities in AML are mutations in 

the CEBPA gene, which are found in 

approximately 10% to 15% of AML 

cases (10). 

The CEBPA gene is a single-exon 

gene located on chromosome 19q13.1, 

coding for 358 amino acids (11). The 

CEBPA protein localizes to the nucleus 

and functions as a transcription factor. It 

has four principal domains: a basic 

leucine zipper (bZIP) domain, which 

consists of a basic region that interacts 

with specific DNA sequences (DNA-

binding domain), and a leucine zipper 

domain that facilitates homo- or 

heterodimerization at the COOH 

terminus. Additionally, it contains two 

transactivation domains, TAD1 and 

TAD2, located at the NH2 terminus (12, 

13). 

The CEBPA mRNA can be 

translated into two isoforms: the p42 

protein and the p30 protein (14). The p42 

protein belongs to the CCAAT/enhancer 

binding protein family and plays a 

crucial role in balancing cell 

proliferation and terminal 

differentiation. In contrast, the p30 

protein lacks the normal functions of 

CEBPA due to the absence of the TAD1 

functional domain. As a result, it exerts a 

dominant negative effect on the wild-

type p42 protein (15). 

      This study aimed to analyze the 

relative mRNA expression of CEBPA in 

patients with AML and its correlation 

with age, sex, treatment, and FLT3-ITD 

and NPM1 mutations. In addition to the 

evaluation of FAB and WHO 

classifications. 
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Figure (1): Distribution of the collected samples depending on the AML status, NDX= 40 

newly diagnosed, ICT= 40 induction chemotherapy, and CCT= 40 consolidation chemotherapy. 

 

Materials and Methods 

Ethical Approval 

The University of Baghdad, College 

of Science, Ethics Committee granted 

ethical permission for this study, with a 

reference number of CSEC/1123/0070. 

Specimen collection  

At the National Center for 

Hematology in Baghdad, Iraq, 120 blood 

samples were gathered from patients 

with AML whose ages ranged 14 - 80 

years old and were divided according to 

sex into 60 males and 60 females. 

Among these, 40 were newly diagnosed 

(NDX), 40 had induction chemotherapy 

(ICT), and 40 patients were in the 

consolidation chemotherapy stage 

(CCT), as shown in Figure 1. 

Participants were enrolled from 

September 20, 2023 to May 10, 2024. 

AML was diagnosed and classified 

according to FAB (M0-M7) and WHO 

(PML/RARE, RUNX1T1/RUNX1, and 

MYH11/CBFB) guidelines, which 

included clinical, morphological, 

biochemical, cytogenetic, and gene 

mutation assessments. Furthermore, age, 

sex, WBC count, platelet count, disease 

status, FLT-ITD and NPM1 mutations 

were reported from the case history. 

Patients with diabetes, infectious 

diseases, Down syndrome, and other 

chronic diseases were excluded. 

Moreover, 40 controls aged between 14 

and 80 years were divided according to 

sex into 20 males and 20 females. Blood 

samples were acquired from the National 

Blood Bank in Baghdad, Iraq.  

Total RNA Extraction  

  Using TRIzolTM (Thermo 

Scientific, UK), the RNA was separated 

from the blood specimens. An aliquot of 

0.25 ml of blood from both patients and 

controls was added to 0.75 ml of TRIzol. 

The instructions of the manufacturer 

were followed. 

Estimation of RNA purity 

A Nanodrop spectrophotometer 

2000c (Thermo Fisher Scientific, USA) 

was used to determine the concentration 

and purity of the extracted RNA.  

Synthesis of the cDNA from whole 

RNA 

 To generate complementary DNA 

(cDNA), the EasyScript® First-Strand 

cDNA Synthesis SuperMix Kit 

(Transgene, China) was utilized. The 

whole procedure was performed as per 

the instructions provided by the 

manufacturer.  The conditions for the 

RNA to cDNA synthesis are shown in 

Table (1). 

33.30%

33.30%

33.30%

Distrubtion of Collected Specimen
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Table (1). Conditions for the RNA to cDNA synthesis using thermal cycler steps.

 

Primer Design 

 

 

The cDNA sequences of the CEBPA 

and GAPDH genes were obtained from 

the NCBI GenBank database. RT-qPCR 

primers were designed in this study using 

Premier 3 software. Table (2) shows the 

primers’ details.

Table (2). The sequences and details of the primers used in this study. 

 

 

 

Primer preparation 

The CEBPA and GAPDH primers, 

manufactured by Alpha DNA Ltd. 

(Canada), were lyophilized and 

dissolved in nuclease-free water as 

specified by the manufacturer's 

instructions. A stock solution of 100 

pmol/μl was prepared for each primer 

and stored at -23°C. 10 μl of the stock 

solution of the primers was diluted with 

90 μl of nuclease-free water and kept at -

20˚C until needed. 

RT-qPCR protocol 

This protocol involved cDNA 

samples from both the patient and the 

control within one run. For each sample,  

 

 

 

 

two 

PCR tubes were utilized: one for 

studying the experiment of CEBPA and 

the other for GAPDH, which was used as 

a housekeeping gene in this study.  The 

CyberGreen fluorescence method was 

applied (Thermo Fisher Scientific, USA) 

and was used in the current investigation. 

The reaction mix was prepared using the 

Luna Universal qPCR Master Mix (New 

England Biolabs, USA). The 

components of the reaction, along with 

their respective quantities are listed in 

Table (3)

STEP3  STEP 2 STEP 1  

Co 85 Co42  Co25  Temp. 

5 sec 15 min 10 min Time 

  Primer Sequences 5ʹ→3ʹ GC

% 

Tm 

(˚C) 

Product 

Size 

(pb) 

  

GAPDH F  GTCTCCTCTGACTTCAA 47  

50  

 

 

131  GAPDH R ACCACCCTGTTGCTGTA 53 

CEBPA F CATGAGAGAAGGAGGGGAGCA 57 

 

 

60  

 

 

 

 

197  

CEBPA R AGAGGCGTGGAACTAGAGACC 57 
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Table (3). Components used for the RT-qPCR.

 

 
Table (4). Gene expression thermal profile.

Using the real-time cycler software, the 

threshold cycle (CT) was calculated for 

each sample. All samples were analyzed 

in duplicate, and mean values were 

determined. The expression data of the 

target gene were normalized against the 

housekeeping gene. The ΔΔCt method of 

Livak and Schmittgen (16)  was used for 

data analysis, and the results were 

expressed as a fold change in gene 

expression. For each sample, the 

difference in CT values (ΔCt) between 

the target gene and the housekeeping 

gene was calculated [ΔCt healthy or 

patient =CT target gene-CT 

housekeeping gene]. The differences in 

ΔCt values (ΔΔCt) for the gene of 

interest were calculated as follows:    

ΔΔCt=ΔCt(patient)-ΔCt (healthy). The 

fold-change in gene expression was 

calculated as follows: 

 Fold change = 2 -∆∆Ct  

Statistical Analysis 

 The statistical software IBM SPSS 

version 25.0 (Armonk, NY: IBM Corp) 

was utilized.  The Mann-Whitney U test 

was used for comparisons between two 

the groups, and the Kruskal-Walli’s test 

for comparisons involving more than 

two groups. A probability value (p) of 

less than 0.05 was considered 

statistically significant. The p-values 

were corrected using Bonferroni 

Component Concentration Volume 

Luna Universal qPCR 

Master Mix 

2x 10µl 

F primer 10µM 1µl 

R primer  10µM 1µl 

cDNA 25-27 ng/µl 4µl 

Nuclease-free water - 4µl 

Total volume - 20µl 

Cycle step Temp. Time Cycles 

Initial Denaturation Co95 60 sec 1 

Denaturation 

Annealing 

Extension  

Co95 

Co60 

Co72 

15 sec 

30 sec  

30 sec  

 

45 

Melt curve Co95-60 40 min 1 
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correction for multiple comparisons 

(17). 

 

Results  

Quantitative Expression of the 

CEBPA gene 

      The whole cell RNA was 

successfully extracted from all samples. 

The RNA had a high purity with a ratio 

>1.8 at an OD 260/280 nm. The RNA 

concentration in the samples ranged 

between 73 and 147 ng/μl. Quantitative 

PCR (qPCR) was employed to determine 

the level of cDNA in the studied 

samples. The findings in Figures (2) and 

(3) show the amplification and melting 

plots of the CEBPA and GAPDH genes 

of the patients and healthy subjects using 

RT-qPCR.  

 

Figure (2). The amplification plots of the target CEBPA and GAPDH genes of the patients and 

control subjects using RT-qPCR. Each curve represents a separate specimen. 

 
Figure (3). Melting curves of the CEBPA and GAPDH genes of different subjects of the patients and 

control after RT-qPCR analysis.   
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The expression level of the CEBPA 

gene in the studied groups 

        The results revealed that AML 

patients exhibited a reduced level of 

CEBPA mRNA expression, with a 

relative expression value of 0.48 

compared to the control group (Figure 

4). This finding indicates a decrease in 

CEBPA gene expression among patients 

with AML. 
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Figure (4). Fold change in the CEBPA gene expression in patients with AML compared to healthy 

controls (HC). Expression was given as a median and interquartile range (IQR) of 0.48 (0.26-1.32).  

       Nonetheless, there might be a 

distinction between AML patients and 

controls in the connection between sex 

and CEBPA expression. The 

downregulation in expression was more 

noticeable in females (0.35) than in 

males (0.60), with a significant 

difference (p = 0.025). Similar results 

were also obtained by (21) as shown in 

Table (5).  

 
Table (5). Fold change in the CEBPA gene expression between patients according to sex 

Sex CEBPA expression (Fold change) p-value 

Median IQR 25–75 %  

Male 

Female 

0.60 

0.35 

0.34-1.75 

0.20-0.91 

0.025* 

*p-value indicates a significant value. 

     When AML patients were classified 

according to disease status into newly 

diagnosed (NDX), induction 

chemotherapy (ICT), and consolidation 

chemotherapy (CCT) groups, the relative 

expression levels of CEBPA mRNA 

showed a gradual decrease across the 

groups. The expression values were 0.56 

in the NDX group, 0.54 in the ICT group, 

and 0.41 in the CCT group (Figure 5).  
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Figure (5): Fold change in the CEBPA gene expression in the control and patients according to the 

AML status.  

 

      As shown in Table (6), no significant 

association was observed between 

CEBPA gene expression and age in AML 

patients (p = 0.672). The relative 

expression level was 0.56 in patients 

younger than 40 years, 0.50 in those aged 

40–50 years, and 0.39 in patients older 

than 50 years. 

Similarly, no significant correlation was 

found between CEBPA expression and 

white blood cell (WBC) count (p = 

0.546). Patients with WBC counts of 

<4.5 × 10⁹/L and >12.0 × 10⁹/L showed 

expression levels of 0.48, whereas those 

with WBC counts between 4.5 and 12.0 

× 10⁹/L exhibited a slightly higher 

expression level of 0.49. 

Regarding platelet count, patients with 

platelet counts below 150 × 10⁹/L had a 

higher CEBPA expression level (0.52) 

than those with platelet counts above 150 

× 10⁹/L, who showed an expression level 

of 0.42. 

      The expression of CEBPA mRNA 

varied among the FAB subtypes of 

AML. The lowest expression level was 

observed in the FAB M1 subtype (0.26), 

whereas the highest expression level was 

detected in the FAB M0 subtype (1.04) 

compared with the other AML subtypes. 

According to the WHO classification, 

AML patients with the 

RUNX1T1/RUNX1 subtype exhibited 

low CEBPA expression (0.30), whereas 

patients with the CBFB/MYH11 subtype 

showed the highest expression level 

(2.39). 

Regarding molecular mutations, patients 

carrying FLT3-ITD mutations had 

significantly lower CEBPA expression 

(0.30) than those without the mutation 

(0.52) (P = 0.029). Similarly, patients 

with NPM1-positive mutations showed 

significantly lower CEBPA expression 

(0.39) than NPM1-negative patients 

(0.56) (P = 0.023). 
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Table (6). The CEBPA expression (measured by fold change) was classified based on the clinical 

characteristics of patients with AML.

UC: unclassified, IQR: interquartile range; p: the two-tailed probability, *: indicates a significant value.

Discussion 

      The observed reduction in CEBPA 

expression is consistent with previous 

findings reported by Van Doorn et al. 

(18), who identified CEBPA down-

regulation as a potential genetic 

biomarker for AML diagnosis. Several 

studies (19,20) have also demonstrated 

that decreased CEBPA expression 

Characteristic 

 

 

Subgroup 

Patients no. 

(N) =120 
CEBPA expression (Fold 

change) 

p-value 

Median IQR 25–75 

% 

Patients All 120 0.48 0.26- 1.32  

Age group, year <40 37 0.56 0.28-1.81 0.672 

40-50 56 0.50 0.21-1.32 

>50 27 0.39 0.26-0.84 

/L)9(× 10 count WBC < 4.5 51 0.48 0.28-1.69 0.546 

4.5-12.0 20 0.49 0.20-1.28 

> 12.0 49 0.48 0.24-.97 

Platelets count (× 

)/L910 

< 150 102 0.52 0.24-1.28 0.752 

> 150 18 0.42 0.28-1.57 

Disease status Newly 40 0.56 0.27-2.47 0.073 

Induction 40 0.54 0.29-1.15 

Consolidation 40 0.41 0.19-0.76 

FAB classification 

 

M0 6 1.04 0.20-1.28 0.643 

M1 1 0.26 0.26-0.26 

M3 20 0.44 0.17-0.58 

M4 7 0.60 0.28-0.79 

M5 2 0.68 0.52-0.84 

M7 2 0.29 0.28-0.30 

UC 82 0.48 0.26-1.81 

FLT3-ITD Positive 29 0.30 0.18-0.73 0.029* 

Negative 91 0.52 0.28-1.81 

NPM1 Positive 42 0.39 0.23-0.90 0.023* 

Negative 78 0.56 0.26-2.08 

PML/RARE Positive 12 0.45 0.26-1.38 0.766 

Negative 108 0.50 0.26-1.32 

RUNX1T1/RUNX1 Positive 3 0.30 0.12-2.39 0.687 

Negative 117 0.48 0.26-1.28 

MYH11/CBFB Positive 1 2.39 2.39-2.39 0.225 

Negative 119 0.48 0.26-1.28 
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impairs the differentiation of myeloid 

progenitor cells into mature blood cells, 

thereby contributing to leukemogenesis. 

This down-regulation may arise from 

genetic alterations, including mutations 

in the N-terminal and C-terminal regions 

of the CEBPA gene, or from epigenetic 

mechanisms such as promoter 

hypermethylation and overexpression of 

microRNAs, particularly miR-124.The 

progressive reduction in CEBPA 

expression during treatment may be 

attributed to the effects of chemotherapy, 

which eliminates leukemic cells and 

consequently reduces the number of 

malignant cells expressing the gene (22). 

In addition, the replacement of leukemic 

cells with normal hematopoietic cells, 

which exhibit different gene expression 

profiles, together with chemotherapy-

induced epigenetic modifications, may 

contribute to the observed decrease in 

CEBPA expression during the course of 

treatment (23). The absence of a 

significant association between CEBPA 

expression and age suggests that CEBPA 

dysregulation is more likely related to 

disease-specific molecular events, such 

as somatic mutations, rather than the 

aging process itself (24). Previous 

studies have reported that CEBPA 

mutations occur across different age 

groups, particularly in AML patients 

with normal karyotypes, without 

showing age dependency (25). Likewise, 

the lack of a significant relationship 

between CEBPA expression and WBC 

count is consistent with previous reports 

(26,27), indicating that CEBPA 

primarily regulates myeloid cell 

differentiation rather than cell 

proliferation. Loss or mutation of 

CEBPA impairs normal differentiation, 

contributing to leukemogenesis, whereas 

WBC count reflects disease burden 

rather than CEBPA expression alone. 

Although patients with lower platelet 

counts exhibited relatively higher 

CEBPA expression, this difference was 

not statistically significant. Platelet 

count in AML is generally associated 

with bone marrow infiltration by 

leukemic blasts and disease severity 

rather than direct regulation by CEBPA. 

Previous studies have shown that 

CEBPA mutations primarily affect 

myeloid differentiation and have limited 

influence on platelet production or 

platelet count in AML patients (28). The 

variation in CEBPA expression among 

FAB subtypes highlights the relationship 

between CEBPA and the degree of 

myeloid cell maturation. The relatively 

high expression observed in the FAB M0 

subtype, despite impaired cellular 

differentiation, suggests that CEBPA 

may be expressed but functionally 

ineffective. In contrast, the markedly 

reduced expression in the FAB M1 

subtype may reflect a more profound loss 

of CEBPA function, contributing to 

impaired differentiation and 

leukemogenesis (29). These findings 

support the potential value of CEBPA as 

a biomarker for distinguishing AML 

subtypes (30). The low expression of 

CEBPA in AML patients with the 

RUNX1T1/RUNX1 subtype is consistent 

with the biological role of RUNX1 in 

regulating CEBPA transcription. 

Dysfunction of RUNX1 reduces CEBPA 

activation, resulting in impaired myeloid 

differentiation and promoting AML 

development. Reduced CEBPA 
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expression in this subtype may also be 

associated with more aggressive disease 

behavior and poorer therapeutic 

response (31). In contrast, the increased 

expression observed in the 

CBFB/MYH11 subtype may represent a 

compensatory response to overcome the 

differentiation block induced by the 

fusion gene, although this increase 

appears insufficient to restore normal 

hematopoietic maturation (32). The 

significantly lower CEBPA expression in 

patients harboring FLT3-ITD mutations 

suggests that constitutive activation of 

signaling pathways, including STAT5 

and MAPK, suppresses CEBPA function 

by promoting leukemic cell proliferation 

while inhibiting differentiation (33). 

Likewise, NPM1 mutations were 

associated with reduced CEBPA 

expression; however, their effect is likely 

indirect through disruption of nucleolar 

function and altered regulation of 

transcription factors involved in CEBPA 

expression (34). 

 

Conclusion 

The mRNA expression of the CEBPA gene 

was downregulated in patients with AML 

compared to control subjects. These findings 

suggest that decreased expression of this gene 

may serve as a useful diagnostic marker and 

could potentially be targeted for treatment in 

AML cases in Iraq. When AML patients were 

categorized into three groups based on the 

disease status (NDX, ICT, and CCT), a gradual 

decline in CEBPA mRNA expression was 

observed. Notably, females, as well as those 

classified with the FAB M1 subtype and the 

WHO RUNX1T1/RUNX1 subtype, exhibited 

low levels of the CEBPA mRNA expression. 

Additionally, both FLT3 and NPM1 genes were 

found to significantly influence CEBPA 

expression. 
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