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Abstract

Background: Chronic Myeloid Leukemia (CML) is a type of cancer that affects the blood and bone
marrow. It is characterized by the overproduction of myeloid cells and is often associated with a specific
genetic mutation known as the Philadelphia chromosome.

Objective: Determine the levels of IL-40 and IL-41 in the serum of Iragi patients with CML disease and
their function in determining disease severity.

Methods: The quantified ELISA was used to assess the levels of IL-40 and IL-41 in serum from 35 persons
in Baghdad, Irag, who had been diagnosed with CML. In addition, control samples from thirty healthy
individuals were taken for comparison purposes

Results: Serum IL-40 and Serum IL-41 were significantly higher in the CML group compared to control
6.95+0.57 pg/ml vs 2.94+0.45pg/ml for serum IL-40, and 60.37+3.91pg/ml vs 35.59+6.29pg/ml for serum
IL-41. A significant correlation appeared between IL-40 and IL-41in serum with r = 0.90; p < 0.001. Both
tests showed excellent performance with 100% Sensitivity, Specificity, Accuracy, and area under the curve.
Conclusion: Patients with CML showed high serum levels of IL-41 and IL-40, which may correlate with
disease severity and act as biomarkers for chronic myeloid leukemia.
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Introduction

Is a myeloproliferative disorder arising in the haemopoietic stem cell (HSC) compartment
(1). This disease is characterized by a reciprocal t(9;22) chromosomal translocation, resulting in
the formation of the Philadelphia (Ph) chromosome containing the BCR-ABLL1 gene (2). CML
most commonly manifests in a chronic phase of the disease with neutrophilic leukocytosis, and
the demonstration of the Philadelphia chromosome is the ultimate confirmation of the diagnosis
(3). The BCR-ABL1 protein is a constitutively active tyrosine kinase activity that forges the
pathogenesis of CML (4). This aberrant kinase signaling activates downstream targets that
reprogram the cell to cause uncontrolled proliferation and result in myeloid hyperplasia and
‘indolent’ symptoms of chronic phase CML (1). Patients with CML may present with
constitutional symptoms including fatigue, weight loss, and night sweats. Splenomegaly is fairly
common and can result in abdominal pain and fullness (5). Hepatomegaly may be present and
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splenomegaly reflects extramedullary hematopoiesis. In developed countries, more and more
patients are diagnosed incidentally, when an abnormal complete count blood (CBC) obtained for
an unrelated reason leads to a diagnostic workup (2). Blast crisis (BC) remains the major challenge
in the management of chronic CML. The sequel of continued BCR-ABL activity leads to genetic

instability, DNA damage, and impaired DNA repair (6).

Cytokines are small secreted proteins (<40 kDa), produced by nearly every cell to regulate
and influence immune response. The release of pro-inflammatory cytokines will lead to the
activation of immune cells and the release of further cytokines (8).

However, recent research indicates that a simultaneous release of pro- and anti-inflammatory
cytokines is mandatory in any immune response (9). There are two newly focused cytokines, IL-
40 and 41. Interleukin 40 is a proinflammatory cytokine produced by the C170rf99 gene (RF) (10).
It is an identified cytokine associated with B cells that were first introduced by Catalan et al. in
2017 (11) This cytokine has several roles in the body, including functions in the formation of B
cells in the bone marrow, IgA production, and expression in the intestinal microbiome (10)
Moreover, I1L-40 appears to be involved in numerous autoimmune and inflammatory conditions,
such as rheumatoid arthritis, systemic lupus erythematosus, primary Sjogren's syndrome,
ankylosing spondylitis, type 2 diabetes, Graves' disease, and hepatic cell carcinoma (12) Our
understanding of this molecule is quite restricted due to its novelty. However, because of its
inflammatory characteristics, there is a high probability that it contributes to a variety of

inflammatory disease complications (10)

Interleukin (IL-41) is expressed in tissues such as mucosa, skin, adipose tissue, respiratory tract,
and macrophages, it is associated with several immune and metabolic diseases (14). Numerous
studies have shown that IL-41 is associated with psoriasis, itchy nodular rash, actinic keratosis,
and rheumatoid arthritis (RA) (14), it is decreased in inflammatory bowel disease, Graves' disease
and is elevated in Kawasaki disease, gout, psoriatic arthritis, and RA. These findings suggest the
potential role of IL-41 in abnormal immune responses. An increase of IL-41 in the serum is also

associated with the disease activity of RA (16)

Previous studies have shown that immune cells produce IL-4 and IL-17A, which stimulate
macrophages to produce IL-41, while IFN-y inhibits IL-41 production. This suggests that I1L-41
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may be involved in Thl, Th2, and Th17 immune responses (15) Recent studies have shown that
IL-41 is closely associated with several metabolic, inflammatory, and autoimmune diseases. Jung
found that IL-41 can alleviate inflammation and insulin resistance through AMP-activated protein
kinase or proliferator-activated receptor 6-dependent signal pathways in skeletal muscle (17) The
inflammatory response plays a significant role in HUA, and several authors have reported that IL-

41 exerts anti-inflammatory effects in various disease states (14)

Because little is known about the role of IL40 and 41 in CML. This study aimed to determine
serum levels of IL-40 and I1L-41 in a sample of Iraqi patients with CML was analyzed to find their
role in disease severity. Furthermore, the relationship between 1L-40 and IL-41 levels in patients
according to the clinical baseline and laboratory data was evaluated. This investigation may clarify
the functions of IL-40 and IL-41 in the CML pathophysiology.

Methods

The case-control subjects of this study were conducted between July /2024 and October/ 2024,
to investigate the potential role of IL-40 and IL-41 and their serum level. Participants were
recruited from a private hospital in Baghdad. A total of 30 participants were included in the study,
diagnosed with CML by consultant hematologists based on several laboratory tests. Along with 30
healthy controls denoted as (Control)/(CO) for brevity. Also, the group was not sex-matched, they
were matched based on age. They were queried using the Health Activity Index, HFAI (Health-
Friendly Activity Index). Consent was obtained and participants provided information about their

family medical history, outlining risk and general information
Collection of Sample

Venous blood samples (3mL) were collected from diagnosed CML patients and control subjects
after obtaining a comprehensive medical history. The blood samples were transferred to a gel tube
and centrifuged at 3000 rpm for 10 min. Subsequently, the serum was placed in 1.5mL Eppendorf
tubes and stored in the freezer at —20°C. The serum was then analyzed for the serum-aimed markers
in the International Center for Training and Development, utilizing the Enzyme-Linked

Immunosorbent Assay (ELISA) technique.

Outcome measurements
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The levels of IL-40 and IL-41 in the blood of both patients and healthy people were determined
using sandwich ELISA kits from BT LAB/China. These kits are intended for the quantitative
measurement of human IL-40 and IL-41.

Statistical analysis

The data was analyzed statistically using IBM's SPSS v27 software. The results are reported as
meanzstandard error (SE); after data processing, the Duncan test was performed to establish

statistical significance (i.e., when the p-value was less than 0.05).

Results

CML disease affects all age groups; here, the youngest patient was eight years old, while the
oldest was 63. de la Fuente et al., (2014) (20) found that chronic myeloid leukemia in children
and young people is a relatively rare form of leukemia that shows increased incidence with age.

Some evidence suggests that the molecular basis differs from that in adults.

The randomly collected leukemia group included 32 patients, of whom 27 % were males and
73% were females. The mean age for the patient group was 24.26 years. The control group
comprised 53 participants, of whom 60 % were males and 40 % were females, its mean age was
25.71 years.

Based on the findings, the total occurrence of CML was significantly greater in females than
males. The results of this study were in disagreement with Radivoyevitch et al., (2014) as they
proposed that males have a higher risk of developing CML or a shorter latency from initiation to
diagnosis of CML (21). Also, in a series of diagnosed CML patients reported by Rohrbacher and
Hasford, (2009)) (22), they found that the proportion of Philadelphia (Ph)/BCR-ABL-positive

chronic myeloid leukemia (CML), was more frequent in males than in females.

Determination of 1L40 levels in the serum of group specimens

Although, little research has evaluated the level of IL-40 and IL-41 in chronic myeloid leukemia.
The present study result in Table 1 revealed statistically significant differences between the
studied groups < 0.001. The mean concentration of IL 40 in the leukemia group was 6.95+0.57
pg/ml, while in the control group 2.94+0.45 pg/ml, and there are

Table 1. Hlustrates the descriptive statistics value of serum IL-40.
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Marker Leukemia | Control P Value
meanz SD | meanz SD
IL-40 6.95+0.57 | 2.94+0.45 | <0.001
Median 6.82 2.98
75 % Percentiles | 7.37 3.30
25 % Percentiles | 6.42 2.63

On the other hand, the predication curve Figure 1 indicates the association of this interleukin with
this disease through the following output; the serum IL-40 presents excellent performance with a
cutoff of 4.90, Sensitivity of 100%, Specificity of 100%, true positive predictive value of 100%,
true negative predictive value of 100%, AUC of 1.00, accuracy of 100%, and P value < 0.001.
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ROC curve: ROC of IL-40

Figure 1: Reciprocal Operation Curve of Interleukin-40

Determination of IL41 levels in the serum of group specimens

The results in Table 2 show the significant descriptive statistics (p <0.001) of serum IL-41 level,

the mean concentration in the leukemia group was 60.37+3.91 pg/ml, while in the control group
35.59+6.29 pg/ml.

Table 2. Hlustrates the descriptive statistics value of serum IL-41.

Serum IL-41 Leukemia | Control P value
Mean+SD 60.37+3.91 | 35.59+6.29 | <0.001
Median 60.83 33.72
75 % Percentiles | 61.87 35.90
25 % Percentiles | 59.91 32.82
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On the other hand, the predication curve Figure 2 indicates the association of interleukin 41 with
this disease through the following data; the serum IL-41 presents excellent performance with a

cutoff of 56.9, Sensitivity of 96.6 %, Specificity of 96%, true positive predictive value of 100%,
true negative predictive value of 100%, AUC of 0.973, accuracy of 98.3%, and P value < 0.001.
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Figure 2: Reciprocal Operation Curve of Interleukin-41

Thus, the predication curve data indicated the strong relation of 1L-41 with chronic myeloid
leukemia

Determination of the Correlation between I1L-40 and 41:

The result of the correlation between Serum IL-40 and serum IL-41 shows a significant strong
positive correlation between them with a correlation coefficient r = 0.90; p < 0.001. Figure 3.
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Figure 3: Correlation between serum IL-40 and serum IL-41.
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IL-40 and 41 may be a new potential biomarker that can help physicians estimate treatment
effectiveness and predict patient responses.

Disscusion

This result is different from that recorded in the case of AML by Mustafa and Ad'hiah(2024)(23)
who found that this interleukin expression exhibited down-regulated levels in the blood of AML
patients. At the same time, DNA methylation was up-regulated. Despite that, increased expression
of IL-40 has been established in some autoimmune and inflammatory diseases (Navratilova et al.,
2021)(24).

Giuliana et al., (2023)(25) reported that IL-40 is a new B-cell-related cytokine.T cells can also
produce it. Its production is raised by IL-4 and altering growth factor-p1. furthermore, human B
cell lymphomas can produce and express IL-40. The upregulation of IL-40 has been described in
several inflammatory diseases such as rheumatoid arthritis. They confirm the upregulation of IL-
40 in primary Sjégren syndrome. Additionally, I1L-40 stimulates the release of proinflammatory
cytokines from immune cells and promote NETosis in this disease. Remarkably, they detected a
strong expression of IL-40 in linked non-Hodgkin’s lymphoma. Also, Jovani and his colleagues
(2017)(26) concluded that IL40 plays a significant role in humoral immune responses and may
also have a role in B cell progress. As well as this interleukin is also secreted by activated B cells
and by some B cell lymphomas. They suggested that it may have a role in the pathogenesis of

certain human inflammatory diseases.

Thus, it can be suggested that the recent results confirmed that documented by other researchers

indicated the role of 1L40 in severe inflammatory diseases such as CML.

Different research indicates increasing the serum level of several pro-inflammatory cytokines
such as IL-6 increased in CML, which is well known to play a role in the activation of B cells (27).
This increase is not limited to IL-6 which, but also TGF-§ as its known role in supporting
leukemogenesis. Guggino et al.,(2023)(28) showed that TGF-p is a crucial factor for increasing
the expression of 1L-40 in activated B cells, but it seems that other factors could also enhance its
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expression that has not been discovered yet (13). In addition to the role of 1L-40 in CML appears
to be a pro-inflammatory as (Navrétilova et al., 2021) ( 29 ) indicated that some immune cells
treated with 1L-40 in vitro released pro-inflammatory cytokines, specifically interferon-y from B
cells and T-CD8+ and tumor necrosis factor-o. and I1L-17 from both T-CD4+ and T-CD8+ ), the
dysregulation of various cytokines is indicated to the malignant transformation of hematopoietic
stem cells(30).

Determination of Serum IL-41 in chronic myeloid leukemia

Interleukin (IL-41) is a recently discovered secreted protein expressed in various tissues. It is
associated with several immune and metabolic diseases (14). However, some studies show some
relatedness in terms of markers in the case of autoimmune where they found a significant elevation

in serum IL-41 compared to control.

The present study sheds light on the potential role of IL-41 and its biological activity in
mediating inflammation in leukemic patients. It is essential to know the role of IL-41 in
inflammation and its effectiveness in CML, as IL-41 is newly discovered and described.

(Bridgewood et al., 2019) (31) Study investigated IL-41 protein expression in synovial tissue
in Rheumatoid Arthritis, Psoriatic Arthritis, and Osteoarthritis patients and evaluated IL-41
production from healthy enthesis samples, as the enthesis represents the primary inflammatory site
in Psoriatic Arthritis the result is that entheseal stromal cells were the dominant producer of IL-41
from the enthesis. Moreover, stromal-derived IL-41 could be further induced by IL-17A and/or F
and TNF. They concluded that IL-41 is expressed in Psoriatic Arthritis synovium and is present
and inducible at the enthesis. Also, Gong et al., (2023) (32) and Joci¢ et al., (2024)(33) (15)
found serum IL-41 concentrations were higher in Rheumatoid Arthritis patients than in

Hepatocellular carcinoma.

While, Li et al., (2024) (34) demonstrated that Interleukin-41 is a novel serum marker for
alpha-fetoprotein-negative hepatocellular carcinoma. The serum expression of 1L-41 was highest
in AFP-negative HCC patients and significantly higher than in AFP-positive HCC and metastatic
cancer patients. A negative significance correlation was recorded between elevated serum IL-41
and the clinicopathological features. High serum expression of IL-41 suggests poorer survival and

earlier recurrence after resection, and IL-41 is upregulated in patients with early recurrence and
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death. Whereas Cen et al., (2023) (35) investigated the ability of IL-41 to protect against CS-
induced lung inflammation in vivo. They found that IL-41 pre-treatment alleviated pulmonary
inflammatory infiltration and lung tissue lesions. IL-41 pre-treatment also limited CS-induced
weight loss in lower numbers of macrophages in the bronchoalveolar lavage fluid and lower
percentages of neutrophils and monocytes in the blood. Moreover, pre-treatment with IL-41 was
associated with higher levels of 1L-10 in the bronchoalveolar lavage fluid and lung tissues of CS-
exposed animals and lower production of tumor necrosis factor-a, IL-6, and IL-1f in the serum

and lung tissues.

Additionally, (Zhou et al., 2023) (36) determined the expression of IL-41 in the serum of
gout patients. Serum IL-41 concentrations in acute gout patients were higher than those in HCs
and there was no significant difference in serum IL-41 levels between remission gout patients and
HCs. In addition, IL-41 was positively correlated with white blood cell count, erythrocyte
sedimentation rate, and C-reactive protein and serum amyloid A concentrations, while it was

negatively correlated with triglyceride levels.

Therefore it can be suggested that a significant increase in the levels of serum IL-41 in a group of
patients with CML suggests a potential role in the pathogenesis of the CML. Several studies have
demonstrated that 1L-41 is diffusely activated in macrophages. Various cytokines can trigger IL-
41 production and indirectly control other chemokines and cytokines. When bone marrow
macrophages are stimulated by IL-4, IL-6, IL-12, IL-17a, and TNF-a, they can produce 1L-41,
with TNF-a being the most potent inducer as (37) mentioned. IL-6 plays a critical role in the
survival and proliferation of CML stem and progenitor cells, contributing to the disease’s
progression (38), As IL-6 levels are elevated in patients with chronic myeloid leukemia (CML)
(39). The strong significant correlation can be attributed to the involvement of IL-41 in affecting
the production of some cytokines like IL-6 the latter is an activator of B cells which is the producer
of IL-40 so these two cytokines act synergistically and as proinflammatory cytokines. The role of
serum IL-41 in CML might contribute to the inflammatory milieu associated with CML,

potentially promoting the survival and proliferation of leukemic cells.

Conclusion
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The current study suggests that the severity of the disease was positively correlated with an
increase in IL-40 and IL-41 levels in the serum of patients with CML. Furthermore, IL-41 has the
potential function as a biomarker for chronic infection with CML and may be essential to the
immunopathological mechanism of CML.
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