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Introduction

Breast cancer (BC) is a heterogeneous malignancy 
arising from the epithelial lining of the ducts or lobules. 
As the leading cause of global female cancer mortality, 
its pathogenesis involves critical genetic and epigenetic 
alterations in genes such as BRCA1/2 and TP53. These 
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Background: Breast cancer (BC) is a complex malignancy characterized by the uncontrolled proliferation 
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using commercially available enzyme-linked immunosorbent assay (ELISA) kits. Additionally, lipid profiles and 
liver functional enzymes were assessed via spectrophotometric analysis. Result: The study demonstrated that 
serum IL-40 and IL-41 levels were significantly elevated in breast cancer patients compared to healthy controls 
(P < 0.001), with high concentrations persisting across all clinical stages. Furthermore, patients exhibited a 
distinct pro-inflammatory and metabolic profile characterized by significant dyslipidemia (increased TC, TG, 
LDL-C, and VLDL-C), hepatic dysfunction (elevated ALT, AST, and ALP), and significantly reduced HDL-C 
levels (P < 0.05). A strong positive correlation was observed between IL-40 and IL-41 (r = 0.90; P < 0.001). 
Both cytokines showed significant positive correlations with all measured parameters, except for a negative 
correlation with HDL-C. ROC curve analysis revealed that IL-40 and IL-41 possess high diagnostic potential, 
with sensitivities of 92.0% and 74.5%, specificities of 88.5% and 70.0%, and Area Under the Curve (AUC) values 
of 0.892 and 0.738, respectively (at cut-off values of 107.63 pg/mL and 116.35 pg/mL). Conclusion: Serum 
levels of IL-40 and IL-41 are significantly elevated in breast cancer patients compared to healthy controls, 
demonstrating a robust association with disease stage and severity. These findings strongly suggest that the IL-40 
and IL-41 axis serves as a promising panel of non-invasive biomarkers for the early diagnosis and prognostic 
monitoring of breast cancer.
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aberrations drive dysregulated proliferation and genomic 
instability, underlying the complex nature of the disease 
[1]. In Iraq, breast cancer accounts for approximately one-
third of all female malignancies, a trend linked to shifting 
lifestyles, obesity, and enhanced diagnostic screening 
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[2]. Molecularly, breast tumors are categorized into four 
primary subtypes Luminal A, Luminal B, HER2-enriched, 
and Triple-Negative (TNBC). Each subtype exhibits 
distinct biological behaviors and clinical trajectories, 
necessitating the identification of novel biomarkers to 
refine therapeutic response and prognostic accuracy 
[3]. The clinical spectrum of breast cancer encompasses 
acute manifestations, such as nipple discharge, cutaneous 
alterations, and axillary lymphadenopathy, alongside 
chronic sequelae in survivors. These long-term 
complications, including secondary lymphedema, 
chronic pain syndromes, and cancer-related fatigue, 
significantly impact the quality of life and necessitate 
comprehensive management strategies [4, 5]. Despite 
significant screening advancements, early detection 
remains clinically challenging, particularly in women 
with dense breast tissue. In such cases, the diagnostic 
sensitivity of mammography is often compromised, 
necessitating the use of magnetic resonance imaging 
(MRI) or contrast-enhanced techniques [6] .Given that the 
median age of onset coincides with postmenopausal years, 
understanding the interplay between hormonal decline, 
systemic inflammation, and metabolic dysregulation is 
essential [7]. 

Interleukin-40 (IL-40), encoded by C17orf99, is 
a recently identified cytokine predominantly secreted 
by activated B-cells, neutrophils, and T-cells under 
inflammatory and metabolic stress [8]. B-cells are the 
primary sources of IL-40; upon activation by IL-4 and 
CD40 ligand, they robustly secrete this cytokine. IL-40 
is essential for antibody class switching and mucosal 
immunity, serving as a key mediator of the adaptive 
immune response within the tumor microenvironment [9].

Emerging evidence positions chronic inflammation 
as a driver of breast carcinogenesis, where dysregulated 
IL-40 signaling may facilitate tumor progression via 
immunosuppressive and pro-inflammatory pathways 
[10]. Elevated serum IL-40 levels have been documented 
in various malignancies and autoimmune disorders, 
suggesting its role as a pivotal mediator in the tumor 
microenvironment [11]. IL-40 may drive tumor 
progression by orchestrating immunosuppressive and 
pro-inflammatory pathways. Its expression is significantly 
upregulated under chronic inflammatory and metabolic 
stress, both of which are critical determinants in the 
clinical trajectory of breast cancer [12]. Among the novel 
cytokines recently implicated in oncological research, 
Interleukin-40 (IL-40) and Interleukin-41 (IL-41) 
emerge as pivotal mediators that potentially bridge the 
complex intersections of immune modulation, systemic 
metabolism, and tumor microenvironment dynamics 
[13, 14].

Similarly, Interleukin-41 (IL-41) also designated as 
Meteorin-like (Metrnl) functions as a pleiotropic cytokine 
synthesized by M2 macrophages, epithelial cells, and 
adipocytes. Secreted in response to tissue injury and 
metabolic stress, IL-41 acts as a molecular bridge linking 
oncogenesis with systemic metabolic and cardiovascular 
impairments [15]. The expression of IL-41 is dynamically 
modulated by hypoxia, pro-inflammatory cytokines, 

thermal stress, and tissue injury, thereby underscoring its 
pivotal role as a multifaceted, stress-responsive cytokine 
within the physiological and pathological landscape 
[16]. IL-41 exhibits distinct bifunctional regulatory 
roles: it promotes the secretion of anti-inflammatory 
cytokines, such as IL-10 and TGF-β, while simultaneously 
facilitating tissue remodeling, fibrosis, and angiogenesis. 
These physiological processes are frequently co-opted 
by malignant cells to consolidate the immunosuppressive 
landscape of the tumor microenvironment, thereby 
enhancing survival and immune evasion [17, 18].

 
Materials and Methods

Study Design and Participants
This case-control study was conducted between May 

2025 and October 2025 at the Oncology and Hematology 
Center in Najaf Al-Ashraf, Iraq. The study enrolled 180 
female participants, aged 45–60 years, categorized into 
two groups: 90 newly diagnosed breast cancer (BC) 
patients and 90 age-matched healthy controls. The BC 
cohort was stratified according to TNM staging into Stage 
I (n=25), Stage II (n=25), Stage III (n=20), and Stage 
IV (n=20). Clinical diagnosis was rigorously confirmed 
through standardized mammography, ultrasonography, 
magnetic resonance imaging (MRI), and histological 
validation at the oncology center.

Exclusion Criteria
The study excluded Women who were pregnant, 

or presented with autoimmune disorders, microbial 
infections, or chronic conditions (e.g., hypertension, 
cardiovascular, renal, or thyroid diseases) were excluded. 
Additionally, those on hormonal medications or with a 
recent history of surgical intervention were omitted to 
ensure data accuracy.

Data and Sample Collection 
Demographic and clinical parameters, including TNM 

staging and BMI was calculated as weight (kg)/height (m²) 
(Keys et al., 1972). were documented via questionnaires 
and medical records. Prior to treatment, 5 mL of fasting 
blood was collected and centrifuged at 3000 rpm for 10 
minutes; serum was then stored at –80°C for analysis.

Immunological and Routine Assays
Serum IL-40 and IL-41 levels were quantified 

using ELISA kits (Pars Biochem, China) following the 
manufacturer’s protocol. Liver function markers (AST, 
ALT, and ALP) were measured spectrophotometrically 
using a Roche/Hitachi Cobas c analyzer. Lipid profiles, 
including TC, TG, and HDL-C, were determined via 
enzymatic colorimetric assays (Emclab, Germany), while 
LDL-C and VLDL-C were calculated using the Friedewald 
equation (Lewis, 1973).

Statistical Analysis
Data were analyzed using IBM SPSS Statistics 27. 

Normality was assessed via the Kolmogorov–Smirnov 
test. Continuous variables were expressed as mean ± 
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Correlation studies (Tables 3 and 4) identified a 
significant positive correlation between serum IL-40/IL-
41 levels and elevated liver enzymes and pro-atherogenic 
lipids. Conversely, a significant negative correlation 
was observed with HDL-C, suggesting a link between 
cytokine dysregulation and metabolic stress. ROC curve 
analysis (Table 5) confirmed the diagnostic efficacy of 
both biomarkers. IL-40 demonstrated superior diagnostic 
accuracy with an AUC of 0.892 (95% CI: 0.829–0.955). 
At a cut-off of 107.63 pg/mL, IL-40 yielded 92.0% 
sensitivity and 88.5% specificity. In comparison, IL-41 
showed moderate potential with an AUC of 0.738 (95% 
CI: 0.636–0.841), sensitivity of 74.5%, and specificity of 
70.0% at a cut-off of 116.35 pg/mL (Figure 1-4).

Discussion

This study provides the first evidence of significantly 
elevated serum IL-40 and IL-41 levels in Iraqi breast 
cancer patients, particularly in advanced stages (III and 

SD, with group comparisons performed using Student’s 
t-test or one-way ANOVA. Correlations were evaluated 
using Pearson’s coefficient (r). The diagnostic potential 
of biomarkers was determined by ROC curve analysis 
and Area Under the Curve (AUC) to identify optimal 
sensitivity and specificity. Statistical significance was 
defined as a two-tailed p < 0.05.

Ethical Approval
The study adhered to the Declaration of Helsinki and 

was approved by the Institutional Review Board (IRB) 
of the College of Medicine, University of Kufa (No. 
MEC 133; April 10, 2025). Written informed consent 
was obtained from all participants prior to enrollment.

Results

The study included 90 patients with breast cancer and 
90 apparently healthy controls. Patients were categorized 
into four groups based on disease stage: Stage I (n=25), 
Stage II (n=25), Stage III (n=20), and Stage IV (n=20). 
Compared to the control. Breast cancer (BC) patients 
exhibited significantly elevated serum levels of IL-40 
(133.11 vs. 100.21 pg/mL; p < 0.0001) and IL-41 
(136.08 vs. 106.84 pg/mL; p < 0.0001) compared to the 
control group. Furthermore, both cytokines demonstrated 
a significant progressive increase correlating with 
advancing disease stages (Stages I–IV). Laboratory 
analysis (Table 1) revealed significantly higher liver 
enzyme activities (ALT, AST, ALP) and lipid parameters 
(TC, TG, LDL-C, VLDL-C) in BC patients compared to 
controls, while HDL-C levels were significantly reduced. 
Stage-wise comparison (Table 2) showed that while most 
parameters remained stable across stages, a significant 
variation was observed between Stage I and Stage IV. 
Notably, ALP showed the most marked increase when 
comparing early stages (I and II) against Stage IV.

Table 1. Clinical and Biochemical Characteristics of Breast Cancer Patients versus Healthy Controls
Parameter BC Group HC Group P-value

Mean ±SD (Mean ± SD)
Number 90 90 --------
Age (years) 54.42 ± 5.39 53.57 ± 4.5 0.32
BMI (kg/m²) 28.70 ± 3.59 28.37 ± 3.77 0.664
ALT (IU/L) 36.68 ± 9.52 22.25 ± 4.75 < 0.001
AST (IU/L) 30.40 ± 7.69 17.46 ± 4.36 < 0.001
ALP (IU/L) 122.86 ± 29.10 88.42 ± 22.83 < 0.001
TG (mg/dL) 146.14 ± 27.88 92.35 ± 18.43 < 0.001
TC (mg/dL) 195.46 ± 38.33 154.91 ± 21.56 < 0.001
LDL-C (mg/dL) 128.31 ± 37.95 94.61 ± 22.63 < 0.001
HDL-C (mg/dL) 37.92 ± 5.39 42.27 ± 6.21 < 0.001
VLDL-C (mg/dL) 32.21 ± 5.57 18.47 ± 3.68 < 0.001
IL-40(pg/mL) 130.11 ± 14.39 100.21 ± 13.98 < 0.001
IL-41(pg/mL) 141.08 ± 18.58 106.84± 12.85 < 0.001

Data are presented as Mean ± SD (Standard Deviation). BC: Breast Cancer; HC: Healthy Controls; BMI: Body Mass Index; ALT: Alanine 
Aminotransferase; AST: Aspartate Aminotransferase; ALP: Alkaline Phosphatase; TC: Total Cholesterol; TG: Triglycerides; HDL-C: High-Density 
Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; VLDL-C: Very Low-Density Lipoprotein Cholesterol; IL-40: 
Interleukin-40; IL-41: Interleukin-41.

Figure 1. Comparison of Serum IL-40 Levels in BC 
Patients' stages
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IV). These findings suggest a synergistic role within 
the tumor microenvironment, where IL-40 promotes a 
pro-inflammatory niche through B-cell dysregulation, and 
IL-41 acts as a pivotal immunometabolic regulator. The 
positive correlation between these cytokines and disease 
progression likely reflects metabolic reprogramming 
and immune evasion strategies. Furthermore, the 
observed elevation in patients aged ≥ 45 years aligns 
with age-associated immune dysregulation, positioning 

the IL-40/IL-41 axis as a promising biomarker for 
personalized immunometabolic therapies [19, 20]. 
Interleukin-40 (IL-40/C17orf99) and Interleukin-41 
(IL-41/Metrnl) represent a novel class of cytokines, 
recently characterized in contrast to classical mediators 
such as IL-6 and TNF-α. Emerging evidence increasingly 
positions these molecules at the critical intersection of 
chronic inflammation, immune dysregulation, metabolic 
remodeling, and malignancy. Consequently, their 
involvement in breast cancer pathophysiology warrants 
focused investigation to elucidate their potential as 
diagnostic or therapeutic targets [21, 22]. In previous 
studies suggests a shared pathogenic axis between 
breast cancer, chronic inflammation, and autoimmune 
disorders. Analogous to IL-6 and IL-10 which are well 
established in promoting tumor growth IL-40 may exert 
similar tumor-supportive effects, reinforcing the concept 
that oncogenesis and autoimmunity converge through 
overlapping cytokine networks [23, 24]. 

Prior studies have shown IL-40 consistently exhibits 
pro-inflammatory characteristics and appears to increase 
with tumor progression, IL-40 has been linked to 
amplification of IL-6 and IL-17 signaling loops and 
to cardiovascular risk markers [25]. whereas IL-41 
displays immunomodulatory properties and may decline 
in advanced or chronic inflammatory states, while the 

Figure 2. Comparison of Serum IL-41 Levels in BC 
Patients' stages

Table 2. Comparison of Biochemical Parameters across Different Clinical Stages (I-IV) of Breast Cancer Patients.
BC Patients Stages (n.= 90)  (Mean ± SD)

Variables Stage I Stage II Stage III Stage IV

Number (%) 25 (27.8 %) 25 (27.8 %) 20 (22.2%) 20 (22.2%)

Age (years) 51.75 ± 5.54 53.41 ± 4.66 55.20 ± 5.50 56.54± 5.85

p-value:               a) 0.001               b) 0.001               c) 0.002               d) 0.001               e) 0.001               h) 0.001

BMI (kg/m²) 29.12 ± 3.54 28.75 ± 3.25 28.39 ± 3.58 27.98 ± 3.89

p-value:               a) 0.261              b) 0.167                c) 0.110               d) 0.277              e) 0.119                h) 0.197

ALT(IU/L) 18.3 ± 2.11 22.13± 2.80 30.89 ± 3.68 39.27± 3.55

p-value:               a) 0.151              b) 0.12                  c) 0.001               d) 0.231              e) 0.141               h) 0.21

AST (IU/L) 26.96 ± 3.33 31.19 ± 5.74 36.21 ± 7.39 43.14 ± 7.20

p-value:               a) 0. 194             b) 0.123               c) 0.001                d) 0.094              e) 0.11                 h) 0.15

ALP (IU/L) 105.66 ± 8.21 115.58± 12.50 122.7 ±10.62 135.9 0± 14.46

p-value:              a) 0.19                 b) 0.09                 c) 0.001                d) 0.061              e) 0.001               h) 0.11

TG (mg/dL) 114.04 ± 16.01 125.01 ± 8.10 142.76± 9.25 168.84 ± 6.71

p-value:              a) 0.138              b) 0.124                c) 0.01                  d) 0.36                e) 0.08                  h) 0.445

TC (mg/dL) 173.64 ± 31.81 187.86 ± 10.92 201.16 ± 32.34 211.66 ± 34.40

p-value:              a) 0. 154             b) 0.92                  c) 0.01                  d) 0.094              e) 0.07                 h) 0.195

HDL-C (mg/dL) 41.54 ± 3.01 40.27 ± 3.04 35.34 ± 4.10 34.49± 3.13

p-value:              a) 0.131              b) 0.108                c) 0.01                  d) 0.061              e) 0.054               h) 0.375

LDL-C (mg/dL) 128.29± 30.46 133.58± 11.88 138.07 ± 31.41 146.79 ± 33.54

p-value:              a) 0.126              b) 0.102                c) 0.094                d) 0.299             e) 0.106               h) 0.212

VLDL-C (mg/dL) 28.80 ± 3.20 29.07 ± 2.62 32.77 ± 2.85 36.36 ± 2.34

p-value:               a) 0.238             b) 0.144                c) 0.01                  d) 0.121             e) 0.085                h) 0.545

IL-40 (pg/mL) 118.09 ± 13.77 126.61± 14.31 134.64± 14.93 139.03± 16.16

p-value:              a) 0.001             b) 0.001                 c) 0.001                 d) 0.001             e) 0.001               h) 0.001

124.47 ± 16.15 130.38 ± 16.39 137.39 ± 17.57 143.69 ± 18.72

IL-41 (pg/mL) p-value:              a) 0.001             b) 0.001                c) 0.001                 d) 0.001              e) 0.001              h) 0.001

Data are expressed as Mean ± SD. BC: Breast Cancer; Statistical comparisons were conducted using One-Way ANOVA and the Chi-squared (χ²) 
test. Significant differences (p < 0.05) between disease stages were identified via post-hoc analysis and are denoted by superscript letters: (a) Stage 
I vs. Stage II; (b) Stage I vs. Stage III; (c) Stage I vs. Stage IV; (d) Stage II vs. Stage III; (e) Stage II vs. Stage IV; (h) Stage III vs. Stage IV.
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precise anti- or pro-tumorigenic roles of IL-41 in vascular 
biology and defined [26].

Extensive evidence from autoimmune diseases 
supports a direct association between IL-40 and B-cell 
hyperactivity [27]. In systemic lupus erythematosus 
(SLE), elevated IL-40 levels correlate with disease 
activity indices (such as SLEDAI), renal involvement, 
and autoantibody production, reinforcing the hypothesis 
that IL-40-driven B-cell dysregulation may contribute to 
the immune imbalance observed in breast cancer [28] . 

Interleukin-40 (IL-40) elevation precedes or parallels 
inflammation and correlates strongly with disease severity 
in multiple disorders. In rheumatoid arthritis, heightened 
IL-40 levels are observed even in at-risk individuals, while 
in SLE, IL-40 demonstrates high diagnostic sensitivity 
and specificity for active disease. These findings support 
its potential utility as a biomarker reflecting inflammatory 
burden [29, 30]. Interleukin-40 (IL-40) may influence 
hepatic acute-phase responses and fibrotic pathways, 
potentially explaining the associations with liver enzyme 
abnormalities (e.g., ALT and AST) observed in various 

autoimmune and inflammatory disorders [31]. Its elevation 
in ankylosing spondylitis, thyroid autoimmunity, and 
systemic sclerosis further supports a systemic role in 
immune–metabolic dysregulation, a phenomenon that may 
be mirrored during tumor progression [32, 33] . 

Experimental data confirm that IL-40 is significantly 
upregulated in breast cancer cells compared with normal 
mammary epithelium. Functional studies demonstrate 
that IL-40 enhances proliferation, motility, and immune 
evasion, reinforcing its role as a prognostic biomarker and 
a potential therapeutic target linked to the inflammatory 
tumor microenvironment. These findings are in agreement 
with a previous study by Hameed & Abed [34].

Although less studied, IL-41 is increasingly 
recognized as a mediator of inflammatory and metabolic 
pathology. Previous studies by Duan et al. [35] and 
Namitokov et al. [36] found that elevated IL-41 levels 
are associated with vascular calcification, atherogenesis, 
and adverse lipid profiles, including inverse correlations 
with HDL-cholesterol, suggesting its participation in 
immunometabolic risk amplification [35, 36]. Lipid 
metabolism is essential for membrane synthesis, signaling, 
and energy storage processes frequently dysregulated 
in cancer. In the present study shown the interaction 
between IL-40, IL-41, and lipid metabolism may yield 
clinically relevant biomarkers for early detection, 
prognosis, and therapeutic stratification in breast cancer 

T able 3. Correlation Analysis between Serum IL-40 
Levels and Clinical/Biochemical Parameters in the 
Breast Cancer Patient Group.

Parameters r p-value
Age (years) 0.156 0.1418 (NS)
BMI (kg/m2) 0.128 0.225 (NS)
ALT (IU/L) 0.626** 0.001
AST (IU/L) 0.660** 0.001
ALP (IU/L) 0.548** 0.001
TG (mg/dL) 0.681** 0.001
TC (mg/dL) 0.532** 0.001
HDL-C (mg/dL) –0.481** 0.001
LDL-C (mg/dL) 0.507** 0.001
VLDLC (mg/dL) 0.681** 0.01
IL-41 (pg/mL) 0.520** 0.001

r: Pearson correlation coefficient

T able 4. Correlation Analysis between Serum IL-41 
Levels and Clinical/Biochemical Parameters in the 
Breast Cancer Patient Group.

Parameters r p-value
Age (years) 0.148** 0.162
BMI (kg/m2) 0.001 0.991
ALT (IU/L) 0.631** 0.001
AST (IU/L) 0.585** 0.001
ALP (IU/L) 0.44** 0.001
TG (mg/dL) 0.629** 0.001
TC (mg/dL) 0.544** 0.001
HDL-C (mg/dL) –0.450** 0.001
LDL-C (mg/dL) 0.525** 0.001
VLDLC (mg/dL) 0.629** 0.01
IL-40 (pg/mL) 0.520** 0.001

r: Pearson correlation coefficient

Figure 3. Receiver Operating Characteristic Curve for 
Breast Cancer Patients vs. Healthy Control.

Figure 4. Correlation between IL-40 levels and IL-41 for 
study groups
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this results agreement with previous studies [37, 38]. 
A study by Bridgewood et al. [39] illustrated that higher 
IL-41 levels correlate with disease activity and cartilage 
degradation in ankylosing spondylitis and psoriatic 
arthritis. These findings support the role of IL-41 as a 
marker of inflammatory severity and highlight its potential 
as a therapeutic target in immune-mediated diseases [39]. 
Another study by Cen et al. [40] demonstrated that IL-41 
elevation is linked to disease exacerbation in chronic 
obstructive pulmonary disease, myasthenia gravis, and 
Kawasaki disease, as well as parasitic infections such as 
hydatid cyst disease. This further underscores its role as 
a general marker of inflammatory intensity and disease 
progression [40]. Direct measurements of IL-41 in breast 
cancer remain scarce. However, the consistent elevation 
of other inflammatory cytokines in breast malignancies 
strongly suggests a broader inflammatory milieu in which 
IL-41 may play an unrecognized role, thereby justifying 
targeted investigation [41].

Limitations and Future Directions
Despite the significant findings, this study is limited 

by its specific age range (45–60) and localized Iraqi 
population, which may affect the generalizability of the 
results. Furthermore, the case-control design precludes 
establishing definitive causal relationships. To address 
these limitations, future research should prioritize multi-
center longitudinal studies to monitor IL-40 and IL-41 
fluctuations across diverse populations and during various 
treatment stages, such as chemotherapy and radiotherapy. 
Such studies are essential to establish standardized clinical 
cutoffs and validate the prognostic utility of the IL-40/
IL-41 axis. Additionally, mechanistic and tissue-based 
investigations are warranted to explore these cytokines 
as potential therapeutic targets and integrate them into 
personalized immunometabolic screening protocols for 
breast cancer.

In conclusion, the present study demonstrates a 
significant elevation in serum IL-40 and IL-41 levels 
among Iraqi women with breast cancer (p < 0.0001), 
identifying this dual-marker panel as a robust indicator 
of disease presence and progression. Mechanistically, 
the elevation of IL-40 may be attributed to the chronic 
inflammatory state and B-cell activation within the 
tumor microenvironment, where it likely functions as a 
pro-tumorigenic factor. Concurrently, the upregulation 
of IL-41 reflects a convergence of immune-metabolic 
dysregulation and systemic disturbances, such as hepatic 
dysfunction, which correlate significantly with advanced 

disease stages. By integrating this immunometabolic 
signature into clinical practice, the IL-40/IL-41 axis offers 
a viable strategy for improved disease stratification and 
the development of targeted, personalized therapeutic 
interventions.
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