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Background: Serum lipocalin 2 (LCN2) and human interleukin 13 (IL-13) polymorphism are important biomarkers in neurodegen
eration, neuroinflammation and the development of multiple sclerosis (MS). This study aimed to evaluate IL-13 polymorphism and 
serum LCN2 in MS patients and assess their role as predictors of risk and disability in MS.
Methodology: This case–control study included 48 patients and 48 controls. Blood samples were obtained to measure LCN2 and to 
find the IL-13 (rs20541) gene polymorphism by restriction fragment length polymorphism. Individuals with the GG genotype, which is 
wild normal, produced two fluorescent bands at 210 and 26 bp. Three fluorescent bands were seen at 178, 32 and 26 bp in individuals 
with the homozygous mutant type AA genotype. Individuals with heterozygous mutant type GA gave four fluorescent bands at 210 bp, 
178 bp, 32 bp and 26 bp.
Results: The IL-13 (rs20541) polymorphism revealed a statistically significant difference between the MS group and the healthy 
control group. The AG genotype raises the risk of MS by 9 times, whereas the risk of MS is approximately 3.58 times higher with the 
A allele. There was no statistically significant difference between the severity of disability in MS regarding IL-13 (rs20541) 
polymorphism. Also, there was a significant direct correlation between LCN2 and Expanded Disability Status Scale. The best cutoff 
values of LCN2 for diagnosis and detecting disability in MS were ≥5.4 ng/mL, with an area under the curve is 0.90 with sensitivity 
85.7% and specificity 82.4%.
Conclusion: The research makes a substantial contribution to the literature on the perceived significance of value of IL-13 
polymorphism to the risk of MS, while LCN2 is linked to both risk and disability of MS.
Keywords: autoimmune diseases, multiple sclerosis, IL-13, polymorphism, lipocalin 2

Introduction
Multiple sclerosis is a chronic autoimmune disease of myelin antigens that is linked to proinflammatory cytokine activity, 
causing neurotoxicity through a variety of pathways.1 Relapsing remitting, primary progressive, secondary progressive 
and progressive relapsing are the four main types into which MS is divided according to its progression. Approximately 
85% of all MS patients have relapsing remitting MS, making it the most prevalent type. Although the exact cause of 
multiple sclerosis is unknown, it is thought to be multifactorial.2

Multiple sclerosis is the most common chronic neurological diseases among young adults and affects an estimated 
2.8 million individuals. It primarily affects women with an age of onset of 30 years. The social and economic costs 
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associated with MS, including long-term healthcare needs and loss of productivity, reinforce the need for biomarker 
profiling for early detection and intervention.2,3

Magnetic Resonance Imaging (MRI) is a biomarker prototype with high sensitivity and specificity for MS diagnosis 
and inflammatory activity monitoring, while oligoclonal bands are a well-established disease diagnostic tool. However, 
their ability to assess silent disease progression is restricted. Standard MRI gives global signals such as lesion volume 
and brain atrophy but lacks the ability to show data at the molecular level.4

In MS, brain damage is induced by an imbalance between anti-inflammatory cytokines released by Th2 cells and 
proinflammatory cytokines released by Th17 and Th1 cells.1 MS is assumed to be caused by an ongoing acute 
inflammatory reaction that occurs as a result of blood–brain barrier dysfunction. The blood–brain barrier is broken due 
to endothelial cell rupture caused by an elevated level of leukocyte adhesion molecules, which allows for amplification of 
leukocyte transmigration. These are primarily composed of Th1 and Th17 cells, which are responsible for generating 
myelinotoxic cytokines that cause demyelination.5 Interleukin 13 is one of the pleiotropic cytokines that may exhibit anti- 
inflammatory effects which is mostly generated by Th2 cells.1

In demyelinating lesions, brain-infiltrating T cells produce a lot of IL-13. T cell-derived IL-13 production in the 
central nervous system has a pathogenic role in multiple sclerosis. Since IL-13 is crucial in regulating synaptic function 
and neuronal integrity in MS patients, therapies that target IL-13 production and release may benefit these patients in 
both immunomodulatory and neuroprotective ways. However, research has shown contradictory results about the 
significance of IL-13 in MS. A pathogenic role for T-cell-derived IL-13 production in the central nervous system in 
multiple sclerosis is suggested by certain findings.6

Lipocalin 2 (LCN2) is encoded by the LCN2 gene. LCN2 is an acute-phase protein expressed in astrocytes in the 
central nervous system, and when released, it increases inflammation and may have additional effects on iron 
homeostasis.7 LCN2 leads to damage in a variety of neurodegenerative diseases and illnesses and can act as an 
inflammatory stimulus to initiate inflammatory responses, including the production of chemokines and cytokines.8 

Elevated LCN2 levels in MS patients seem to play a myelination-dependent role in neurodegeneration.9

Previous research suggests that LCN2 might influence astrocyte reactivity, alter the blood–brain barrier, trigger death 
of neurons and cause inflammation, potentially contributing to neurodegeneration. LCN2 also modulates endothelial cell 
permeability and inflammatory reactions, which affects the blood–brain barrier’s integrity and function. It also suppresses 
oligodendrocyte proliferation and differentiation while decreasing myelin sheath development.10 In MS models in mice, 
total ablation of LCN2 ameliorates experimental autoimmune encephalomyelitis-related symptoms, indicating that LCN2 
expression in spinal cord and peripheral immune organs contributes to experimental autoimmune encephalomyelitis 
formation.9

Certain HLA alleles, including HLA-DRB1*15:01, HLA-DRB50*101, HLA-DR2+, HLA-DQ6, DQB1 0602 and 
DQA 0102, are associated with immunological modulation and significantly raise the risk of developing multiple 
sclerosis. Additionally, non-HLA genetic variants that contribute to MS susceptibility have been found in other genetic 
studies. These variants include IL-2RA (rs2104286), CD40 (rs1883832 T), IL-7R (rs6897932), CD58 (rs2300747) and 
IL-4, IL-6, IL-7, IL-13 and IL-22.5,11

The IL-13 gene is found on the long arm of chromosome 5q31–33 encoding Th2 cytokines.12 Immunological diseases 
have been correlated with a number of single-nucleotide polymorphisms in the coding and noncoding regions of the IL- 
13 gene. Chronic inflammatory autoimmune diseases have been linked to some SNPs, such as rs20541 G in the IL-13 
gene.1 The coding SNP rs20541 in exon 4 causes a nonconservative guanine to adenine transfer at nucleotide +2044, 
leading to replacement of Arg 130 with Gln in α-helix D. This is a critical region amino acid for interactions between IL- 
13 and its receptors, so it can affect IL-13-mediated signalling, resulting in raised biological activity and affinity between 
IL-13 and its receptor, and may lead to inhibition of immune responses.1

There is currently insufficient research examining the association between serum LCN2 and IL-13 polymorphism in 
MS, but an interesting oncological study has found that LCN2-mediated iron transport is an alternative way to acquire 
iron, especially during inflammation. Since macrophages are key players in iron homeostasis, iron sequestration will be 
the first response to foreign cell recognition. Alternatively, activated macrophages (M2), which are called anti- 
inflammatory macrophages, are activated by IL-4, IL-13 and Th2 cells. Thus, IL-13 and LCN2 may correlate with 
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each other by affection to macrophage.13 We assumed that there is a correlation between LCN2 and IL-13 polymorphism 
by their paradoxical effects on macrophage, as rs20541-driven cytokine activity affects immune cells that participate in 
IL-13 signaling networks with macrophages and T cells within the CSF,14 while LCN2 enhances the M1 phenotype of 
microglia, which is a chemokine inducer in the central nervous system.15 Our study aimed to investigate this important 
issue by assessing the IL-13 polymorphism and serum LCN2 levels in MS patients and determining their potential roles 
as biomarkers for risk and disability of MS. We hypothesize that IL-13 rs20541 polymorphism increases MS suscept
ibility and that elevated serum LCN2 levels correlate with disease risk and disability.

Patients and Methods
Sample Size
With 48 cases and 48 controls, the sample size is 96 because the mean difference in lipocalin 2 between the cases and the 
control was 107.8±18.8 and 118.6±18.8, respectively. The OpenEpi tool was used to calculate the samples, which had 
a 95% confidence interval and an 80% test power.1,7

Sample Selection
Sample participants were collected as systematic random sample. All MS patients in 1 year is 180 patients in MS 
centre at the department of Neurology, Faculty of Medicine, Zagazig University Hospitals. So, the K constant for 
randomization ¼ TotalMSpatients

Calculatedsamplesize equals 3.75 (every 4 MS patients, 1 patient included in this study).

Study Participants
This observational single-blind case–control study was conducted from February 2024 to October 2024 at the depart
ments of Neurology, Medical Microbiology and immunology, and Medical Biochemistry at Faculty of Medicine, Zagazig 
University Hospitals. This study was reported in accordance with the RECORD guidelines for observational studies.” 
Multiple sclerosis patients diagnosed by neurologists based on clinical and preclinical findings according to 
McDonald’s criteria 2017 were incorporated into our study.16 The healthy controls are matched with MS cases as 
regards age, sex, ethnicity and residence in Sharkia government. However, patients with systemic immunological 
disorders such as rheumatoid arthritis, ankylosing spondylitis and systemic lupus erythematous, allergic diseases and 
conjunctivitis, chronic hepatitis and malignancy were excluded from our study. There were 48 patients and 48 controls in 
this study. The medical history of patients includes clinical manifestations, complete general and neurological examina
tion, Brain and Cervical MRI, CSF analysis for oligoclonal bands and IgG index for the diagnosis of multiple sclerosis.16

The work was conducted in accordance with the Declaration of Helsinki, the World Medical Association’s code of 
ethics for experiments involving human subjects. The study protocol was approved by Zagazig University’s Faculty of 
Medicine’s Institutional Review Board Committee (approval No. 134/27-2-2024). Both MS patients and healthy controls 
provided written consent. All possible comparisons between the research groups were taken into account. The blood 
samples were taken before the MS patients took direct modifier therapies (DMTs) and during the patients completed the 
requirement to take the DMT from National Health Assurance. Both plain and EDTA tubes were used to collect blood 
samples. The plain tube’s whole blood samples were centrifuged at 1409 xg for 15 minutes (mins) to take the serum 
apart, which was then stored at −20°C for the measurement of lipocalin 2, and the EDTA tube’s whole blood samples 
were kept at −20°C for the polymorphism of the IL-13.

Expanded Disability Status Scale
Expanded Disability Status Scale tracked changes in disability over time and assessed the degree to which individuals 
were impacted by MS. On a scale of 0 to 10, 0 represented a normal neurological examination, 2 minimal disability, 3 
moderate disability, 4 and above significant disability and 10 the patient’s death.17
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MRI Brain
MRI brain showed multiple T2 lesions in at least one of three brain regions (periventricular, cortical/juxtacortical or 
infratentorial region) Figure 1A and B.18

MRI Cervical
MRI of the cervical spine showed cervical cord multiple eccentric intramedullary patchy areas of bright T2 signals with 
no cord expansion Figure 2A and B.19

Serum Lipocalin 2 Measurement
Sandwich ELISA was used to detect Lipocalin 2 utilizing (didevelop, China, Cat. no. DL-NGAL-Hu). The microtiter 
plate in this kit has been pre-coated with an antibody specific to lipocalin 2. Following that, standards or undiluted serum 
samples (stored at −20°C) are prepared using a biotin-conjugated antibody specific to lipocalin 2 and placed into the 
appropriate microtiter plate wells. Following the addition of Avidin conjugated to Horseradish Peroxidase to each 
microplate well, the plates are incubated. After the TMB substrate solution was added, only the wells containing 
lipocalin 2, biotin-conjugated antibody and enzyme-conjugated Avidin displayed a colour shift. A sulphuric acid solution 

Figure 1 MRI brain showing few deep periventricular foci of bright T2/flair signals with no perifocal brain edema or mass effect. (A) Axial T2 sequences (B) flair sequences.

Figure 2 MRI cervical spine showing no evidence of cervical cord demyelinating plaques. (A) Sagittal T2 sequences (B) STIR sequences.
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was added to stop the enzyme-substrate reaction, and spectrophotometry was used to detect the colour change at 450 nm 
± 10 nm. By comparing them to the specified standards, concentrations were determined using the following standard 
concentrations (10, 5, 2.5, 1.25, 0.625, 0.312, 0.156 ng/mL). Serum lipocalin 2 levels were reported as ng/mL, with 
a detection range limit ranging from 0.156 to 10 ng/mL and Coefficients of Variability <10% for intra-assay and <12% 
inter-assay.7

IL-13 (rs20541) Gene Polymorphism
Genomic DNA extraction
Genomic DNA was extracted using a genomic DNA extraction kit (GeneJET, Thermo Scientific, USA, Cat. no. K078). 
The purity of the isolated genomic DNA was assessed using the Nanodrop 2000 (Thermofischer Scientific, Wilmington, 
DE, USA) at 260 nm absorbance with a ratio of (1.7–1.8) for A260 /A280. At −20°C, the genomic DNA was kept.

Amplification of DNA by PCR
The restriction fragment length polymorphism (RFLP) method was used to analyse the IL-13 (rs20541) gene poly
morphism. PCR amplification primers for rs20541 IL-13 genes were used from a published reference.20

Forward primer: (5′-CTTCCGTGAGGACTGAATGAGACGGTC −3′).
Reverse primer: (5′-GCAAATAATGATGCTTTCGAAGTTTCAGTGGA-3′).
Primers were created with a 236 bp expected product size. These primers were supplied by (Invitrogen, thermo fisher 

scientific, analysis, USA). The investigated IL-13 (rs20541) SNP gene polymorphism variant was tested in duplicate. For 
each reaction, the following materials were added to each tube: master mix 10 μL, 1 μL of each primer, 5 μL of template 
DNA and sterile distilled water 3 μL to a total volume of 20 μL. The thermal cycler was set to perform the first 
denaturation step for 5 minutes at 95°C, followed by 30-second (sec) denaturation cycles for 35 cycles at 95°C and 45 
cycles of annealing at 60°C. Extension at 72°C for 45 seconds, and then another extension at 72°C for 5 minutes.

Gel electrophoresis detection of the amplified products
The rs20541 IL-13 gene gives fluorescent bands at 236 bp.

RFLP for IL-13 rs20541
The restriction enzyme used was NlaIV (isolated from Niasseria lactamica) supplemented with NE Buffer (10X) (New 
England BioLabs, UK). Three fluorescent bands were seen at 178, 32 and 26 bp in patients with the homozygous mutant 
type AA genotype. Individuals with the GG genotype, which is wild normal, produced two fluorescent bands at 210 and 
26 bp. Patients with heterozygous mutant type GA gave four fluorescent bands at 210 bp, 178 bp, 32 bp and 26 bp.

Statistical Analysis
The genotype distribution was calculated using Hardy-Weinberg equilibrium. The quantitative variables’ normality was 
investigated. ANOVA and independent sample t-tests were used for parametric data and the Mann–Whitney for 
nonparametric data for comparing quantitative variables. To examine the genotype/allele frequencies, the chi-square 
(χ2) test was used. In cases where χ2 or Fisher’s exact test was significant, odds ratios (ORs) and 95% CIs were 
calculated. The correlation between the number of attack MRI cervical plaques, CSF oligoclonal band and serum 
lipocalin 2 levels in patients with multiple sclerosis was analyzed by Spearman correlation. P values were considered 
statistically significant if they were less than 0.05. The results were calculated using the Statistical Package of Social 
Sciences program (version 22, Chicago, USA).

Results
Baseline Characteristics of Research Groups
We included 48 patients with multiple sclerosis in our study: 28 females (58.3%) and 20 males (41.7%). The mean age of 
all patients was 30.4±2.4 years, and the mean age of all controls was 30.2±2.6 years. There was no significant difference 
in age or gender between the groups in our study as shown in Table 1. There was a high statistically significant difference 
between MS patients and controls as regards Lipocalin 2 ng/mL, P = 0.0001, as shown in Table 1.
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According to MRI brain results among MS patients, there were 13% MS plaques periventricular while infratentorial 
and combined were 7% and 28%, respectively, as shown in Table 1. Regarding MRI cervical, there were 27% of patients 
with no lesions in cervical cord, while 7%, 8% and 6% had 1 MS plaque in cervical cord, 2 MS plaques and 3 MS 
plaques, respectively, as shown in Table 1, Figures 1 and 2. As regards the treatment of patients, 21 (43.8%) were treated 
with fingolimod, while 27 (56.2%) were treated with interferon beta 1a as shown in Table 1.

Table 1 Basic Characters of Multiple Sclerosis Patients and Healthy Controls

Parameters Multiple Sclerosis 
Group (n= 48)

Control 
Group (n= 48)

t-test P-value

Gender n (%) - -

Female 28(58.3%) 28(58.3%)

Male 20(41.7%) 20(41.7%)
Age per year 30.4±2.4 30.2±2.6 0.411 0.682

Mean ±SD 27-35 26-36

(range)
Lipocalin 2 ng/mL

Mean ±SD 4.6±1.4 0.34±0.16 20.91 0.0001*
(range) 2.4–6.4 0.1–0.6

MRI brain

MS plaques periventricular + infratentorial 28(58.3%)
MS plaques infratentorial 7(14.6%)

MS plaques periventricular 13(27.1%)

MRI cervical
1 MS plaques 7(14.6%)

2 MS plaques 8(16.7%)

3 MS plaques 6(12.5%)
Free (not involved in the cervical cord) 27(56.3%)

High CSF IgG index 48(100%)

Treatment
Fingolimod 21(43.8%)

Rabif (Interferon beta 1 a) 27(56.2%)

Prognosis 34(70.8%)
Minimal disability 14(29.2%)

Moderate/ significant disability

Expanded disability status scale 1.9±0.55
Mean ±SD (range) 1.5-3

CSF oligoclonal bands 4.2±1.3

Mean ±SD 4(3–7)
Median (range)

MRI cervical MS plaques 1.95±0.8

Mean ±SD 2(1–3)
Median(range)

MS duration years 3.2±0.85

Mean ±SD (range) 2-4
Number of attacks 3.9±1.2

Mean ±SD 4(2–6)

Median (range)

Notes: t student t, *P value <0.05: significant, P value ≥ 0.05: no significant. 
Abbreviations: n, number; SD, standard deviation.
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IL-13 Polymorphism Among the Studied Groups
Hardy-Weinberg equilibrium was seen in the genotypic frequencies of the IL-13 (rs20541) gene in both cases (χ2 = 
0.039; P = 0.84) and controls (χ2 = 2.47; P = 0.11). There was a statistically significant difference between the studied 
groups as regards IL-13 (rs20541) polymorphism with those who have the GA genotype being 9 times at risk for multiple 
sclerosis, and the risk of MS is approximately 3.58 times higher with the A allele, P = 0.0001 as shown in Table 2. 
Considering the expanded disability status scale of multiple sclerosis, the percentage of AA, GA and GG for IL13 gene 
polymorphism was distributed as follows: 42.9, 57.1, 0% in moderate/significant disability MS patients and 29.4, 47.1, 
23.5% in mild disability MS patients with no significant difference, P >0.05 as shown in Table 3 and Figure 3.

According to disability in MS, there was a statistically significant difference between patients treated with fingolimod 
and those who had cervical plaque in moderate-to-severe multiple sclerosis patients compared to mild multiple sclerosis 
patients, p <0.05. Also, there was a statistically significant difference as regards expanded disability status scale, 
oligoclonal bands, number of attacks, lipocalin 2 ng/mL value in moderate-to-severe multiple sclerosis patients compared 
to mild multiple sclerosis patients, p <0.05 as shown in Table 4. There was a significant and direct correlation between 
the number of attacks, expanded disability status scale and lipocalin as shown in Table 5.

Receiver operating characteristic curve was performed to evaluate lipocalin 2 as a biomarker for diagnosis and 
detecting disability of MS patients. The ROC curve for lipocalin 2 showed that the level of lipocalin 2 at a cut-off of ≥5.4 
ng/mL and the area under the curve is 0.90 (p-value 0.002) with sensitivity 85.7% and specificity 82.4% as shown in 
Figure 4. This means that lipocalin 2 is a good biomarker for diagnosis and detecting the disability of MS in the studied 
patients.

Table 2 Distribution of IL-13 rs20541 Genotypes in Multiple Sclerosis Patients and Healthy Controls

IL-13 Gene Multiple Sclerosis (n=48) Controls (n=48) χ 2• P-value OR (95% CI)

Genotype n, (%) 16.94 0.0001*

AA 16 (33.3%) 6 (12.5%) 0.78 0.38*a 5.4 (1.95–14.96)

GA 24 (50.0%) 15 (31.3%) 11.25 0.0007*c 9 (2.6–30.7)
GG 8 (16.7%) 27 (56.2%) 13.8 0.0002*b 1.7 (0.53–5.2)

Allele n, (%)

A 56 (58.3%) 27 (28.1%) 17.85 0.0001* 3.58 (1.96–6.53)
G 40 (41.7%) 69 (71.9%) ref

Notes: •χ 2 Chi square test of significance (a, Compare AA&AG genotypes), (b, Compare AA& GG genotypes), (c, Compare GA &GG 
genotypes), *P value <0.05: significant, ref (reference allele). 
Abbreviations: n, number; OR, Odds ratio; CI, confidence interval.

Table 3 Distribution of IL-13 Gene Polymorphisms by Disability in Multiple Sclerosis Patients

IL-13 Gene Moderate/Significant Disability 
(n=14)

Mild Disability 
(n=34)

χ 2• P-value OR (95% CI)

Genotype n, (%) 4.03 0.133
AA 6 (42.9%) 10 (29.4%) 0.073 0.78a 1.2 (0.32–4.5)

GA 8 (57.1%) 16 (47.1%) f 0.18b -

GG 0 (0.0%) 8(23.5%) f 0.12c -
Allele n, (%)

A 20 (71.4%) 36 (53%) 2.78 0.094 2.22 (0.86–5.73)

G 8 (28.6%) 32 (47.0%) ref

Notes: •χ 2 Chi square test of significant, f fisher exact test (a, Compare AA&AG genotypes), (b, Compare AA& GG genotypes), (c, 
Compare GA &GG genotypes), *P value: >0.05: no significant, ref (reference allele). 
Abbreviations: n, number; OR, Odds ratio; CI, confidence interval.
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Univariate logistic regression shows significant predictors of disability of MS were EDSS ≥ 2, number of attacks and 
lipocalin 2 ≥ 5.4 ng/mL, while multivariate logistic regression confirmed both EDSS ≥ 2 and LCN2 ≥5.4 ng/mL as 
prognostic variables for MS disability as shown in Table 6.

Figure 3 Detection of IL-13 rs20541gene restriction fragment length polymorphism (RFLP). Lane 7: 50 bp DNA ladder (Willowfort, USA), The sizes of bands 26 bp and 32 
bp are invisible. The thermal cycler was set to perform the first denaturation step for 5 minutes at 95°C, followed by 30-second (sec) denaturation cycles for 35 cycles at 
95°C, and 45 cycles of annealing at 60°C. Extension at 72°C for 45 seconds, then another extension at 72°C for 5 minutes. Lane 1, 2, 3, 9, 16: Four band (26 bp, 32bp, 
178bp, 210bp) reflect heterozygous type (GA), Lane 4, 5, 8, 13, 14: Three bands (26bp, 32 bp and 178bp) reflect homozygous mutant type (AA), Lane 6, 10, 11, 12, 15: two 
bands (26bp and 210bp) reflect wild type (GG).

Table 4 Comparison Between Mild, Moderate, and Significant Disability in Multiple Sclerosis Patients

Parameters Moderate/Significant Disability 
Group (n=14)

Mild Disability 
Group (n=34)

χ 2• /t-test⁑ P-value OR (95% CI)

Gender n (%)

Female 7(50%) 21 (61.8%) 0.56• 0.45 0.62 (0.17–2.1)

Male 7(50%) 13 (38.2%)

Treatment n (%)

Fingolimod 14 (100) 7 (20.6) 29.4• 0.0001*

Rabif 0 (0.0) 27 (79.4)

MRI brain n (%) 0.095

MS plaques periventricular + infratenorial 8 (57.1) 20 (58.8) 4.07•

MS plaques+ periventricular 6 (42.9) 7 (20.6)

MS plaques+ infratenorial 0 (0.0) 7 (20.6)

Cervical cord plaques n (%)

Yes 13 (92.9) 8 (23.5) 19.4• 0.0001* 42.3 (4.73–374)

No 1 (7.1) 26 (76.5)

Age per year

Mean ±SD 31.2±3.5 30.1±1.76 1.48⁑ 0.14

Expanded disability status scale 2.6±0.41 1.6±0.2 8.9⁑ 0.0001*

Mean ±SD

CSF oligoclonal band 5.7±1.3 3.59±0.5 8.4⁑ 0.0001*

Mean ±SD

(Continued)
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Discussion
Multiple sclerosis is an autoimmune demyelinating disease with autonomic symptoms, motor dysfunction and psych 
behavioral disturbances.21 An estimated 2.8 million people worldwide suffer from multiple sclerosis, which is still an 
incurable disease. Since it typically occurs in young adulthood, it makes the condition responsible for lowering the 

Table 5 Correlation Between Number of Attacks, Expanded Disability 
Status Scale, and Lipocalin 2 in Multiple Sclerosis (N= 48)

Number of Attacks Expanded Disability Status Scale

r P-value r P- value

Lipocalin 2 0.655** 0.0001* 0.442 0.002*

Notes: Spearman’ Correlation coefficient(r), **Strong correlation, *P value <0.05: 
significant.

Table 4 (Continued). 

Parameters Moderate/Significant Disability 
Group (n=14)

Mild Disability 
Group (n=34)

χ 2• /t-test⁑ P-value OR (95% CI)

MRI cervical cord MS plaques 2 (0–3) 0 (0–2) 4.24⁑ 0.0001*

Median (range)

MS duration/ years 3.5±0.52 3±0.92 1.9⁑ 0.063

Mean ±SD

Number of attacks 4.93±1 3.41±1.04 4.6⁑ 0.0001*

Mean ±SD

Lipocalin 2 ng/mL 5.8±0.57 4.1±1.3 4.5⁑ 0.0001*

Mean ±SD

Notes: SD, standard deviation, •χ 2 Chi-square test, t: student t test,P value <0.05: significant. 
Abbreviations: n, number, OR, Odds ratio, CI, confidence interval.

Figure 4 Receiver operator characteristic curve (ROC) of lipocalin 2 Pg/mL in multiple sclerosis patients. The level of lipocalin 2 at a cut-off value of ≥ 5.4 ng/mL and the 
area under the curve is 0.90 (p-value 0.002) with sensitivity 85.7% and specificity 82.4% with confidence interval 0.8–1.
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quality of life not only for those affected but also for society as a whole.22 Although the prevalence of MS has risen 
globally since 2013, there are still disparities in prevalence estimates.23 Over the past three decades, prevalence rates 
have dramatically increased in a number of low- to middle-income countries, including Saudi Arabia, Taiwan, Egypt and 
Algeria.24

Although biomarkers for multiple sclerosis have been proposed, they are frequently investigated separately, and it can 
be difficult to compare studies that have used disparate clinical outcomes. Because the biology of multiple sclerosis is so 
complex, a combination of markers may yield better predictions than any marker in isolation.25 Several research studied 
single-nucleotide polymorphisms in genes encoding IL-10, IL-4, IL-1 and tumour necrosis factor-α as genetic markers of 
MS susceptibility.26

Because there are no trustworthy biomarkers in clinical practice, it is challenging to predict the shift from relapsing 
remitting MS to secondary progressive MS. Finding early risk factors for the development of secondary progressive 
multiple sclerosis is essential because it allows for the timely initiation of efficient treatment plans meant to slow the 
disease’s progression.27

IL-13 effectively modulates synaptic function and neuronal integrity in multiple sclerosis patients. This implies that 
therapies that increase IL-13 production and release may benefit these patients both immunomodulatory and neuropro
tectivity. The coding and noncoding regions of the IL-13 gene have a number of single-nucleotide polymorphisms linked 
to immunological disorders. It is yet unknown whether the IL-13 gene polymorphism rs20541 and MS are related.1,28

LCN2 regulates the expression of genes that are activated by interferon. In humans, LCN2 is typically expressed 
throughout a variety of tissues.29 LCN2 is elevated in the progressive form of MS and is a biomarker for MS and 
a potentially significant molecule for central nervous system autoimmunity.30 It has been demonstrated that LCN2 
stimulates peripheral immunological infiltration and astrocyte-mediated microglia activation. LCN2 may contribute to the 
development of MS lesions, but its precise involvement is yet unclear.31 The study aimed to evaluate the IL-13 
polymorphism and serum lipocalin in multiple sclerosis patients and assess their role as biomarkers for risk and disability 
of multiple sclerosis.

There is a correlation between lipocalin 2 and IL-13 polymorphism by their paradoxical effects on macrophage, as 
rs20541-driven cytokine activity affects infiltrating immune cells that engage IL-13 signaling networks with macro
phages and T cells within the CSF,14 while lipocalin 2 potentiates the M1 phenotype of microglia, which is a chemokine 
inducer in the central nervous system.15

The present study involved 48 multiple sclerosis patients. A total of 28 females (58.3%) and 20 males (41.7%), the 
mean age in all patients was 30.4±2.4 years and 48 controls with 28 females (58.3%) and 20 males (41.7%) and the mean 
age in all controls was 30.2±2.6 with no significant difference between the studied groups regarding gender and age (P = 
0.682). Our results regarding age agree with Wandall-Holm et al who showed that multiple sclerosis is a disease of young 
adults.32 According to sex distribution, our study showed higher prevalence among female patients. Those are consistent 
with Westerlind et al who showed higher MS prevalence in females than males.33 Also, Walton et al demonstrated that 
females are twice more likely to have MS than males.23

Table 6 Logistic Regression for Predictors of Disability in Multiple Sclerosis Patients

Univariate Logistic Regression⁞ Multivariate Logistic Regression

Sig. Exp(B) 95% C.I.for EXP(B) Sig. Exp(B) 95% C.I.for 
EXP(B)

Lower Upper Lower Upper

Expanded disability status scale ≥ 2 0.0001* 50.1 5.6 451.31 0.003* 69.6 4.24 1141

Number of attacks 0.001* 3.8 1.72 8.4
Lipocalin ≥ 5.4 0.0001* 28 4.93 159.1 0.004* 39.5 3.25 479.3

Notes: Hosmer and Lemeshow Test, P = 0.117, Exp(β): odds ratio, 95% confidence level, you can be 95% confident that the confidence interval 
contains the value of the odds ratio for the population.
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Concerning the MRI brain, our results showed that 27.1% of patients had supratentorial plaques, while infratentorial 
and combined plaques were 14.6% and 50.3%, respectively, among MS patients. This agrees with Filippi et al who found 
that periventricular plaques are more common than infratentorial.34 Regarding MRI cervical, our results showed that 
56.3% of patients did not have cervical lesions, while 14.6%, 16.7% and 12.5% had 1 cervical plaque, 2 cervical plaques 
and 3 cervical plaques, respectively. This is consistent with Kaunzner and Gauthier who found that presence of an 
asymptomatic spinal cord lesion in patients developed MS in the future.19

Regarding risk of multiple sclerosis, there was a highly statistically significant difference in LCN2 levels between MS 
patients and controls, P = 0.0001. This is in agreement with Al Nimer et al who stated that LCN2 production is predominantly 
higher in MS.30 Also, Gasterich et al found that LCN2 is expressed in MS lesions.31 Besides, there was a significant difference 
in LCN2 levels between mild, moderate and severe disability of multiple sclerosis, which is consistent with Al Nimer et al 
and Das Neves et al showed that LCN2 production is predominantly increased in progressive MS.30,35

According to IL-13 polymorphism as regard risk of multiple sclerosis, in this study, there was a statistically significant 
difference between the studied groups as regards IL-13 (rs20541) polymorphism with those who have GA genotype are 9 
times at risk for multiple sclerosis, and the risk of MS is approximately 3.58 times higher with the A allele, P = 0.0001 
that is agreed with Grunwald et al who showed that AG genotypes and Allele A were found to be much more prevalent in 
the MS.1 However, our results disagreed with Mirahmadi et al, who demonstrated that no significant correlation was 
found between genotypes and allele frequency in patients and healthy individuals (P > 0.05). This may be due to different 
populations and genetic differences.36

According to IL-13 polymorphism as regards disability, the percentage of AA, GA and GG for IL13 gene poly
morphism was distributed as follows: 42.9, 57.1, 0% in moderate/significant disability MS patients and 29.4, 47.1, 23.5% 
in mild disability MS patients with no significant difference as regards expanded disability status scale. This is consistent 
with Grunwald et al who showed that there was no statistically significant difference in clinical data, such as age of onset 
or expanded disability status scale score in MS patients.1

Our results showed that there was a significant and direct relation between number of attacks, EDSS and lipocalin 2. 
This is in agreement with Kalinin et al who showed that the number of years after diagnosis was positively correlated 
with serum LCN2 levels.7 Also, Guzel et al showed that there was a statistically significant difference between the groups 
with regard to age, duration of the disease (p <0.05).37

The current study measured serum LCN2 as a biomarker for detecting disease disability in MS patients by ROC curve 
analysis and found that the level of lipocalin 2 at a cut-off value of ≥5.4 ng/mL and the area under the curve is 0.90 
(p-value 0.002) with sensitivity 85.7% and specificity 82.4%. This means that LCN2 is a very good biomarker for 
diagnosis and detecting the disability of MS in the studied patients. This agrees with Kalinin et al who stated that LCN2 
production is predominantly increased in MS.7 Also, Gasterich et al found that LCN2 is expressed in MS lesions.31 Our 
study showed that EDSS ≥ 2 and LCN2 ≥5.4 ng/mL as prognostic variables for MS disability that is consistent with Al 
Nimer et al who stated that LCN2 production is predominantly increased in MS.30 Also, Kalinin et al and Gasterich et al 
found that LCN2 is expressed in MS patients.7,31

This study has certain limitations that may be resolved in future investigations, which include a relatively small 
sample size, lack of follow-up of MS patients by measurement of LCN2 at single time point and lack of prior published 
studies exploring the same topic, so we recommend further research on a large scale.

Conclusion
IL13 polymorphism (rs20541) is a risk-associated biomarker, while LCN2 is a biomarker linked to both risk and 
disability that may have important clinical implications in MS. These biomarkers could aid in early risk assessment 
and in identifying patients at higher risk of developing irreversible disability forms of multiple sclerosis.

Abbreviations
DMTs, Direct modifier therapies; HLA, Human Leukocyte Antigen; IL, Interleukin; M2, Macrophage 2; Lipocalin 2, 
LCN2; MRI, Magnetic Resonance Imaging; MS, Multiple sclerosis; RFLP, Restriction fragment length polymorphism; 
OR, Odd ratios; AUC, Area under the curve; ROC, Receiver operator characteristic curve; T helper, Th.
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