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1. Introduction

Acute myeloid leukemia (AML) is characterised 
by several molecular and cytogenetic abnormalities.  
Cytokines and growth factors produced in the medullary 
microenvironment govern cell survival, proliferation, and 
differentiation; hence, polymorphisms in their associated 
genes may affect cancer risk [1]. AML is an aggressive 
haematological malignancy characterised by a death rate of 
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60% and a recurrence rate of 30-40% among patients in 
remission [2]. Genetic determinants are pivotal in illness 
prognosis, rendering genetic studies indispensable for 
disease evaluation and management [2]. AML is the most 
prevalent form of acute leukemia in adults, characterised 
by rapid progression and, if left untreated, would result in 
the patient’s demise within weeks or months [3].
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Characterization of critical transcription factors in 
AML may identify potential alternative targets to modulate 
specific gene-regulation pathways/inhibitors for AML. 
These drugs are expected to improve overall survival in 
AML patients [3]. IRF8, identified as a member of the 
interferon IRFs transcription factor family, exerts various 
functions in hematopoiesis and participates in type I 
interferon response [4].

IRF8 is primarily recognised for its role in the formation 
and maturation of myeloid cells [5]. It modulates lineage-
committed progenitors to facilitate monocyte maturation 
and inhibit neutrophil generation [6, 7]. IRF8 has been 
previously characterised as a tumour suppressor across 
many cancer types [8, 9], including chronic myeloid 
leukemia (CML) and acute promyelocytic leukemia 
[10, 11], such that disruption of IRF8 activity promotes 
leukemogenesis [12].

TGFB is a key modulator of normal hemopoiesis. 
An aberrant TGFB pathway has been implicated in the 
pathogenesis of various hematological malignancies, 
including myelofibrosis, acute myeloid leukemia, 
and lymphoid disorders. TGF-β, which has long been 
considered an inhibitor of proliferation in hematopoiesis, 
also induces differentiation and apoptosis to maintain 
homeostasis. Tumors often acquire intrinsic resistance 
to homeostatic TGF-β signaling, which counteracts its 
tumor-suppressive actions [13].

In addition, elevated TGF-β levels contribute to 
cancer progression by modulating the immune response 
and altering the tumour microenvironment [14]. Surface 
receptors of TGF-β are down-modulated, SMAD signaling 
proteins are abnormal, and the CDKN2B gene is deleted 
or silenced at both the genetic and epigenetic levels in 
the context of malignant B-cell subtypes. The TGF-β in 
the microenvironment provides a protumoral niche via 
trans differentiation of stroma, natural killer (NK) cells, 
and T cells. There is mounting evidence for extensive 
mutual communication between microenvironmental 
cells and tumorigenic B cells [15]. Revealing intracellular 
communication and context-dependent TGFβ signaling 
could help elucidate disease pathogenesis, thereby offering 
a new potential therapeutic strategy.

IL-33, a member of the IL-1 family of cytokines, is 
critically involved in regulating immunity and inflammation 
[16]. Its receptor, suppression of tumorigenicity 2 (ST2), 
a member of the interleukin-1 receptor family, transduces 
signals through the MyD88 pathway, thereby activating 
downstream inflammatory cascades [17]. IL-33 has 
recently been investigated in several cancers, including 
leukemia [18]. IL-33 is a key regulator of the immune 
TME in leukemia and modulates the activity of immune 
cells such as regulatory T cells (Tregs), myeloid-derived 
suppressor cells (MDSCs), and natural killer cells [18, 
19]. The impact of IL-33 on leukemia is either promoting 
or inhibiting, depending on the precise context [5]. 
Importantly, IL-33 contributes to leukemia cell survival by 
enhancing the suppressive activity of Tregs and MDSCs, 
thereby inhibiting anti-tumour immunity [18]. Despite 
the potential immune cell-activating functions of IL-33, 
e.g., in T cells, NK cells, and macrophages, which may 

aid anti-leukemic responses, it can also promote leukemia 
in a setting of chronic inflammation. This is believed to 
be due to IL-33-induced production of tumour-promoting 
cytokines that enhance the survival and proliferation 
of cancer cells [20, 21]. The purpose of this study was 
to assess different haematological, biochemical and 
molecular indices in leukemia patients. The case-control 
study was conducted between March and April 2024, 
using blood samples from 60 patients with leukemia and 
30 controls to analyses serum IL-33 levels and SNPs. 
Serum concentrations of IRF8 and TGF-β were measured 
by ELISA to determine whether they were associated 
with the patients. Meanwhile, PCR technology using a 
resistance mutation system was used to amplify the primer 
set for SNP detection.

2. Materials and Methods

2.1 Sample Collection
A total of 90 samples were collected from individuals 

between June 1, 2024, and September 1, 2024. Participants’ 
ages ranged from 16 to 45 years. The samples were 
divided into two groups: 60 samples from leukemia 
patients who visited a specialized leukemia hospital in 
2024 and had their diagnoses confirmed by specialists 
after appropriate chemical analyses, and 30 samples from 
healthy individuals (control group).

2.2 Serum Preparation
Five milliliters (5 mL) of venous blood were drawn 

from each individual (whether a leukemia patient or a 
healthy individual). These samples were divided into 
two parts for analysis. First, 2 mL of venous blood was 
placed in test tubes containing EDTA anticoagulant and 
stored for subsequent molecular study. In the second part, 
3 mL of blood was placed in test tubes containing silicone 
gel-tubes. Subsequently, the samples were centrifuged at 
3500 rpm to obtain serum. The serum was then transferred 
to Eppendorf test tubes and stored at -20°C. All relevant 
sample information was recorded and documented in 
preparation for biochemical assays. In this study, the 
concentrations of IRF8 and TGF-β were measured by 
ELISA using a range of ready-made solutions following 
the instructions provided for each assay.

2.2.1 Reagents
The serum levels of IRF8 and TGF-β were determined 

using commercially available ELISA kits according to 
the manufacturers’ instructions. The IRF8 ELISA kit was 
purchased from Sigma-Aldrich, St. Louis, MO, USA), 
while the TGF-β ELISA kit was obtained from R&D 
Systems (Minneapolis, MN, USA).

2.2.2 Ethics statement
Study approval was granted by the Research Ethics 

Committee of the Iraqi Ministries of Environment, Health, 
Higher Education, and Scientific Research; prior approval 
was obtained from the University of Tikrit Board; and 
the study adhered to the Declaration of Helsinki’s ethical 
standards for human testing, as required by the Health 
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2.4 Statistical analysis
 The sample groups were found to demonstrate Hardy–

Weinberg equilibrium for the rs928413 polymorphism 
using the chi-square test.  Quantitative results are indicated 
as mean ± standard deviation. GraphPad Prism Software 
version 10.3 (GraphPad Software, USA) was used for the 
statistical analysis of the clinical and biochemical data 
obtained. The student’s t-test was used and the difference 
considered significant at P< 0.05. The rs3741664 variant’s 
genotypes and allele frequencies were calculated as 
percentages. To analyze the differences between controls 
and patients (confidence interval), the odds ratio (OR) and 
its 95% confidence interval (CI) were utilized.

3. Results and Discussion

3.1 Results
This study aimed to evaluate IRF8 and TGF-β levels in 

leukemia patients compared with healthy individuals and 
to analyze the single-nucleotide polymorphism rs928413 
in the IL-33 gene. The biological role of IL-33 in the tumor 
microenvironment is illustrated in Figure 1.

The results revealed clear differences between the 
patient and healthy control groups, highlighting the 
potential roles of these biomarkers in leukemia progression. 
Our findings demonstrated that the mean IRF8 levels in 
the patient group were 41.10 ± 1.33, significantly higher 
than the mean of 29.27 ± 2.06 observed in the control 
group (P < 0.0001). This highly statistically significant 
difference indicates a strong association between elevated 
IRF8 levels and the pathological state in patient samples. 
Furthermore, the range of values in patients (19.74 
to 87.23) was broader than in healthy samples (2.851 
to 47.16), suggesting greater variability in measured 
protein levels among patients, which may be attributed 
to differences in gene expression Table 1 and Figure 2.

Table 2 shows the relationship between IRF8 and the 
rs928413 gene polymorphism in patients, showing that the 
GG genotype had the highest mean IRF8 levels (44.85 ± 
3.32), followed by the AG genotype (41.01 ± 1.51), while 
the AA genotype had the lowest (37.58 ± 3.13). This 
gradient in the means suggests a possible influence of the 
gene mutation on IRF8 expression Figure 1.

In the healthy control group, the mean IRF8 and TGF-β 
in AA carriers was 31.41 ± 0.59 compared to 29.12 ± 2.21 
in AG carriers. No individuals with the GG genotype 
were found in the control group. However, the difference 

Insurance Portability and Accountability Act.  The Data 
Safety Monitoring Board conducted routine reviews, 
including sample collection by NIH criteria and with 
consent from the University of Tikrit Board.

2.3 Molecular Study

2.3.1 DNA Extraction and Genotyping of the SNP 
rs928413 in the IL-33 Gene

Genomic DNA was isolated from peripheral blood 
using a Geneaid microarray kit (Geneaid, Taiwan). The 
rs928413 fragment of the IL-33 gene was amplified 
using two sets of primers in an allele-specific polymerase 
chain reaction (PCR). The primer sequences used were: 
IF: CAGTAGTTAGCTACTTTTTAATAGTTCCG, 
I R :  C T G C C T T G G C C A AT G C TAT T,  O F : 
TGAATAGCATGGAGTAACTTGTGG, and OR: 
GCAAGTGTTTTGAAGAGGAAACTC, resulting in 
a resulting amplification size of 350 base pairs for the 
outlier, 226 base pairs for the GG genotype, and 173 base 
pairs for the AA genotype.

2.3.2 Polymerase Chain Reaction (PCR) Protocol
PCR was performed in a total reaction volume of 25 

µL using a commercially prepared master mix containing 
Taq DNA Polymerase and essential reaction components. 
To this mix, 1 µL of each primer (at a concentration of 
10 pmol/µL) and 2 µL of template DNA (concentration: 
50 ng/µL) were added. The final volume was adjusted 
using DNase/RNase-free water. Amplification was carried 
out using a thermal cycler under the following program: 
initial denaturation at 94°C for 5 minutes, followed by 
35 cycles of: denaturation at 94°C for 30 seconds, primer 
annealing at 57°C for 30 seconds, extension at 72°C for 
45 seconds, and a final extension at 72°C for 5 minutes. 
Post-amplification, PCR products were analyzed by 
agarose gel electrophoresis using a 1.5% agarose gel 
stained with RedSafe DNA. Gel imaging was performed 
using a gel documentation system.

2.3.3 Gel electrophoresis 
The reaction yielded bands of 350 bp for the outer 

fragment, 226 bp for the G allele, and 173 bp for the A 
allele. The presence of both allele-specific bands (226 
bp and 173 bp) indicated a heterozygous GA genotype, 
while the presence of a single band corresponded to a 
homozygous genotype for one of the alleles.

Table 1. Distribution of IL-33 Gene (rs928413) Genotypes and IRF8 Levels among Patients and Healthy Controls

IRF 8 Control Patients IL 33
Number of values 30 60 GG AG AA
Minimum 2.851 19.74 5 51 4
Maximum 47.16 87.23 38.22 19.74 33.34
Range 44.31 67.49 54.64 87.23 46.65
Mean 29.27 41.1 16.42 67.49 13.3
Std. Deviation 11.32 10.3 44.85 41.01 37.58
Std. Error of Mean 2.067 1.33 7.433 10.77 6.255
P value <0.0001
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was not statistically significant (P = 0.7877), suggesting 
that the mutation’s effect in healthy individuals might be 
limited or undetectable.

Regarding TGF-β, our results showed no statistically 
significant difference between patients (44.71 ± 1.63) and 
healthy controls (42.69 ± 1.73; P = 0.4431). This suggests 
that the levels of this factor are not significantly associated 
with leukemia in the studied samples as shown in Table 3.

The relationship between TGF-β and the genetic 
polymorphism results in patients showed that the GG 
genotype had the highest mean of 59.32 ± 4.23, followed 
by the AG genotype with 44.49 ± 1.65, and the AA 
genotype with 29.15 ± 3.57. These findings support the 
hypothesis that the gene mutation may influence TGF-β 
regulation in patients, as shown in Table 3.

The distribution of A and G alleles was similar 
between patients and healthy individuals, with no 
statistically significant difference (P = 0.6261), suggesting 
that the allele distribution is not directly associated with 
increased risk in this sample. These results suggest an 
association between IRF8 levels and the rs928413 gene 
polymorphism in patients, suggesting that this genetic 
polymorphism may also affect TGF-β regulation. 
However, the relationship with allele distribution remains 
unclear and requires expanded studies for confirmation, 
as shown in Table 4.

Upon studying the gene polymorphism and its 
relationship with TGF-β levels, it was observed that 
the GG genotype was absent in the healthy group but 
was present in patients at a significant level. However, 

the differences did not reach statistical significance 
(P = 0.1535). Similarly, there was no significant difference 
(Figure 3 and 4).

3.2 Discussion
Our results are consistent with those of Hartung et al. 

(2024), who found that IRF8 is essential for hematopoietic 
cell differentiation and for preventing myeloid leukemia 
[22]. Liss et al. (2021) revealed that IRF8 may function 
as a novel diagnostic biomarker and therapeutic target 
for certain types of AML [3]. The transcription factor 
IRF8 regulates AML cell sensitivity to LSD1 inhibition, 
a process implicated in the differentiation induced by 
all-trans retinoic acid (ATRA) and in the response to 
treatment [22]. Furthermore, IRF8 ablation suppressed 
AML cell proliferation, indicating that IRF8 is a tumor 
suppressor [23]. IRF8 is a well-established monoblastic 
marker in acute monocytic leukemias, underscoring its 
diagnostic utility [24]. Cumulatively, these data highlight 
the multifaceted role of IRF8 in leukemia pathogenesis 
and as a therapeutic target. The elevated expression of 
IRF8 we observed in leukemia patients suggests it is 
a compensatory mechanism or an immune response 
dysregulation, and this should be clarified by identifying 
which cell types and molecular methods are involved.

The polymorphism may affect IRF8 expression 
in leukaemia, but its effects on healthy individuals 
may be minor or necessitate specific environmental 
triggers to become apparent. Additional research 
into gene-environment interactions may yield greater 
elucidation.  The varying effects of the rs928413 
polymorphism on IRF8 levels in patients, especially the 
elevated levels associated with the GG genotype, suggest a 
possible genetic predisposition or modifying influence that 
may affect disease progression or therapeutic response. 
This warrants further functional studies to elucidate the 
molecular mechanisms by which this specific SNP affects 
IRF8 expression and activity.

Despite the absence of statistically significant 
differences in overall TGF-β levels between the two 
groups, recent research indicates that the TGF-β signaling 
pathway plays a dual role at different stages of cancer 
progression, potentially suppressing tumor formation 
in early stages and promoting its advancement in later 
stages [25]. A comprehensive characterization of TGFB1 

Figure 1. This Illustration Depicts the Bifunctional 
Function of IL-33 in the Tumor Microenvironment 
(TME). On the left side of a pro-tumor TME, normal 
fibroblasts get activated into cancer-associated fibroblasts 
(CAFs) that further interact with mast cells, regulatory 
T cells (Tregs), and polymorphonuclear leukocytes 
(PMNs). This communication, combined with exosomal 
IL-33 released by CAFs, leads to the secretion of 
proinflammatory cytokines by CSCs, thereby favoring 
tumor growth. In addition, IL-33 supports this pro-tumor 
process. On the right, in an anti-tumor TME, IL-33 
stimulates both natural killer cells (NK) and cytotoxic 
T cells. These cells produce interferon-gamma (IFN-γ), 
a cytokine with dual functions that can lead to both 
tumor regression and rejection. This shows that the TME 
context determines whether IL-33 acts as a promoter or 
a suppressor of tumor growth.

Table 2. Distribution of Genotypes of IL33 Gene 
(rs928413) in IRF8 and TGF-β Regulatory Factor Level 
Control Group

IRF 8, TGF-β Control AA AG
Number of values 2 28
Minimum 30.81 2.851
Maximum 32 47.16
Range 1.191 44.31
Mean 31.41 29.12
Std. Deviation 0.842 11.72
Std. Error of Mean 0.5954 2.214
P value 0.7877
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across hematological malignancies revealed that TGFB1 
is broadly dysregulated in these conditions and might 
regulate the immune microenvironment in a cancer-type-
specific manner [26, 27]. Furthermore, TGFB1 levels 
are significantly elevated in treatment-resistant AML 
patients, and inhibition of the TGFB signaling pathway 
can enhance treatment efficacy, suggesting its critical 
role in drug resistance and therapeutic strategies [28]. 
These findings suggest that while basal levels may not 
differ significantly, the functional implications of TGF-β 
in leukemia, particularly in advanced or resistant forms, 
warrant further investigation. The lack of a significant 
difference in our study might be due to the heterogeneous 
nature of leukemia, where TGF-β\’s role could vary 

depending on the specific subtype or stage of the disease. 
Future studies could explore TGF-β levels in specific 
leukemia subtypes to uncover more nuanced associations.

IL-33, a constituent of the IL-1 cytokine family and 
a multifunctional cytokine, is pivotal in sustaining host 
homeostasis and in pathological states, including allergies, 
infectious diseases, and cancer, by influencing various 
immune cell types and enhancing type 1 and 2 immune 
responses. IL-33 is swiftly produced by both immune 
and non-immune cells in response to stress, functioning 
as an “alarmin” by binding to its receptor, suppression of 
tumorigenicity 2 (ST2), therefore initiating downstream 
signalling pathways and activating inflammatory and 
immunological responses. IL-33 is recognized for its 
dual immune regulatory functions in several disorders, 
exhibiting both pro- and anti-tumorigenic actions, that 
likely depend on its primary target cells, IL-33/sST2 
expression levels, cellular context, and the cytokine 
microenvironment [29]. The dual role of IL-33 in cancer, 
as highlighted by recent research, where it can either 
promote or inhibit tumor progression depending on the 
context, further complicates the interpretation of these 
genetic associations [30]. Future studies should aim to 
elucidate the precise mechanisms by which IL-33 gene 
polymorphisms influence the expression and function 
of both IRF8 and TGF-β in leukemia, thereby enabling 
personalized therapeutic approaches [31]. The absence 

Table 3. Distribution of IL33 Gene (rs928413) Genotypes and TGF- levels among Patient and Healthy Controls

TGF-β Patients  Control AA AG GG
Number of values 60 30 4 51 5
Minimum 19.27 25.24 19.27 24.95 48.14
Maximum 69.28 59.7 35.17 69.23 69.28
Range 50.01 34.46 15.9 44.27 21.14
Mean 44.71 42.69 29.15 44.49 59.32
Std. Deviation 12.69 9.484 7.138 11.79 9.476
Std. Error of Mean 1.638 1.732 3.569 1.65 4.238
P VALUE 0.4431

Table 4. Distribution of IL33 Gene (rs928413) in Patients and Control Group with Statistical Analysis

Alleles Study participants

Patients 
NO.

Allele 
frequency 

Healthy 
control No.

Allele 
frequency 

Allele frequency in 
total study participants

OR 95% CI χ2 p-value

Lower Upper

A (reference) 59 0.49 32 0.53 0.5 1

G 61 0.51 28 0.47 0.5 0.8493 0.4507 1.664 0.2374 0.6261

Total 120 1 60 1 1

Genotype Study participants

Patients Healthy 
control NO.

OR 95% CI χ2 p-value

No. Lower Upper

AA 
(reference)

4 2 1

AG 51 28 0.9107 0.1653 4.12 0.01087 0.917

GG 5 0 0 0 2.469 2.037 0.1535

Figure 2. Genotypes Generated by T-ARMS PCR on 
Electrophoresis 1.5% Agarose Gel for the IL33 Gene 
(rs928413) Accompanied by a 100 Base pair DNA 
Ladder Marker
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of the GG genotype in the healthy control group, coupled 
with its presence and association with higher TGF-β levels 
in patients, suggests a potential role for this genotype 
in leukemia pathogenesis, possibly by influencing the 
immune microenvironment. This observation warrants 
further investigation in larger cohorts to confirm its 
significance and explore its clinical implications.

In conclusion, leukemia patients exhibit elevated 

immune markers, particularly IRF8 and TGF-β, which 
may play a significant role in the onset and progression 
of the disease. Further studies are needed to evaluate their 
importance in individuals affected by leukemia. Future 
research should focus on understanding the molecular 
mechanisms linking IL-33 gene polymorphisms to IRF8 
and TGF-β expression and function in the context of 
leukemia, and on exploring the potential of these markers 
as therapeutic targets or prognostic indicators.
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Figure 3. Serum AFR8 and TGF Levels among Patients 
and Control and Its Correlation to IL33 Gene (rs928413) 
Polymorphism

Figure 4. Activation of IL-33/ST2 Signaling Begins 
when IL-33 binds to ST2L, Triggering a Conformational 
Change that Recruits IL-1RacP to form a Heterodimer. 
This complex recruit’s adaptor molecules like MyD88, 
IRAK1, IRAK4, and TRAF6. The subsequent activation 
of transcription factors such as NF-κB, JNK, ERK, and 
p38 leads to the expression of genes for various cytokines, 
chemokines, and growth factors. The pathway can be 
attenuated in several ways: the molecule SIGIRR can 
disrupt the ST2L/IL1RAcP heterodimer; phosphorylated 
ST2L is rapidly internalized and degraded by the 
proteasome with the help of the E3 ligase FBXL19; and 
extracellular IL-33 can be sequestered by sST2 acting as 
a decoy or oxidized at its cysteine residues, preventing 
its binding to the ST2L receptor.
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