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ARTICLE INFO ABSTRACT
Keywords: Background: interleukin 23 (IL-23) is an important factor involved in the survival and prolifera-
Interleukin-23 tion of T helper 17 cells (Th17), known for their implication in multiple sclerosis (MS). By

Interleukin-27
Polymorphism
Multiple sclerosis
Glatiramer acetate
Inteferon beta

contrast, IL-27 regulates and modulates the function of T lymphocytes, in particular as a sup-
pressor of Th17 differentiation. The aims of the study were i) to test the association of cytokines
with the clinical and genetic characteristics in each of the multiple sclerosis groups (CIS - clini-
cally isolated syndrome, RRMS - relapsing-remitting MS and SPMS - Secondary progressive MS)
and ii) to evaluate the association between serum levels of IL-23 and IL-27 with T4730C (IL-27),
A964G (IL-27) and R381Q (IL-23) gene polymorphisms in RRMS patients.

Methods: Blood samples were obtained from 82 patients diagnosed with MS under treatment with
glatiramer acetate (GA), interferon beta (IFN) 1 A and 1 B. IL-23 and IL-27 serum concentrations
were measured by enzyme-linked immunosorbant assay (ELISA). Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) was used in order to determine the ge-
notypes for R381Q (IL-23) polymorphisms, T4730C (IL-27) and A964G (IL-27).

Results: Patients with SPMS, RRMS and CIS respectively differed significantly regarding age dis-
tribution (p = 0.003) but the studied MS groups were similar regarding age at disease onset (p =
0.528) and treatment type (p = 0.479). A significant increase of mean serum IL-27 was noticed in
cases with early onset (age at disease onset <28 years) of RRMS (mean difference: 4.2 pg/ml, 95%
CI: 0.8-5.3 pg/ml), compared to cases with later onset of RRMS (age at disease onset >28 years).
RRMS patients with wild GG genotype of R381Q (IL-23) showed a significant increase of mean
serum IL-23 than patients with variant AG genotype (mean difference: 115.1 pg/ml, 95% CI:
8.6-221.6 pg/ml). A trend for a higher increase in means of serum IL-23 (p = 0.086) was
observed in RRMS patients carriers of AA genotype of A964G (IL-27) polymorphism in compar-
ison with patients with AG or GG genotypes. We found no significant monotonic correlation of IL-
27, IL-23 serum levels with age at disease onset (years) and duration of disease (p > 0.05) in the
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CIS and SPMS group respectively but a significant correlation between IL-23 and the duration of
disease-modifying treatment was noticed only in the SPMS group.

Conclusions: The results of the current study suggest an association between IL-23 levels and the
R381Q gene polymorphism and also a relationship between IL-27 serum levels and early age at
disease onset in RRMS patients.

1. Introduction

Multiple sclerosis (MS) is a complex autoimmune disorder of the central nervous system (CNS) characterized by myelin loss, in
which the pathogenic process evolves in two distinct phases represented by neuroinflammation and neurodegeneration [1]. The
fluctuating course of the disease individualizes MS from other inflammatory diseases of the CNS. In the first phase of the disease, the
episodes of neurological and radiological worsening alternate with variable degrees of recovery, known as relapsing remitting stage. In
the evolution of the disease, simultaneously with the inflammation resolution, a chronic progressive process of neurodegeneration
begins, delineating the secondary progressive stage [1].

MS affects 3 million people worldwide with an estimated prevalence of 142 cases per 100.000 people in western Europe and 34.8
cases per 100.000 people in Romania [2,3].

The etiology of MS is not entirely understood, but environmental and genetic factors acting on a dysregulated adaptive immune
system were shown to be the ground for MS development [4]. Cytokines have key roles in the immunopathogenic process of MS,
displaying both pro-inflammatory or anti-inflammatory properties in a disease stage dependent manner, enhancing tissues destruction
or promoting function restoration [5]. Over time, experimental studies investigating MS pathogenesis, showed that T cells and B cells
activated in the peripheral lymph nodes, migrate through the brain blood barrier (BBB) in the CNS, where they reactivate and
differentiate into effector cells [6]. Through cytokines production, T cells mediate myelin destruction and attract other immune cells
from the peripheral blood [6]. From the differentiated T cells subsets, Thl and Th17 are recognized for their pathogenic role [6].

IL-23, a defender against extracellular bacteria, is part of IL-12 family and is produced by dendritic cells and macrophages in
peripheral tissues: skin, lungs and intestinal mucosa [7,8]. IL-23 is a heterodimeric cytokine composed of p19 and p40 (shared with
IL-12) polypeptidic chains [9]. IL-23 plays a major role in chronic inflammation, which is a common feature of all autoimmune
diseases, acting through distinct pathways. The first one consists of the activation of Th17 cells and the second one consists of the
stimulation of IL-17 secretion by other immune cells [10].

IL-23 acts as an inducer and stabilizer of Th17 and recruiter of neutrophils and monocytes in MS and its corresponding animal
models [11,12]. Studies evaluating the role of IL-23 in MS pathogenesis, revealed that the exposure of naive CD4" T cells to IL-23 is
mandatory, in order to obtain a complete differentiation into fully pathogenic Th17 lymphocytes, together with the presence of
antigenic stimulation, transforming growth factor-p (TGF-f) and IL-6 [13,14]. The population of Th17 lymphocytes exposed only to
TGF-p and IL-6 were found less immunologically reactive than the ones exposed to IL-23 [14].

IL-23 receptor (IL-23 R) is expressed on the surface of natural killer, dendritic cells, macrophages and activated T cells, particularly
on the Th17 subtype [9]. IL-23 attached to IL23-R stimulates the transcription of pro-inflammatory cytokine genes, such as IL-17 [15].
R381Q (rs11209026) is a single nucleotide polymorphism (SNP) consisting in the substitution of guanine (G) by adenine (A) in
nucleotide 1142 of the IL-23 R gene (G1142A) [16]. This genetic variation is followed by functional consequences, resulting into an
amino acid substitution at residue 381 in the final protein product, leading to arginine (Arg) into glutamine (GIn) modification
(Arg381 GIn- R381Q) [16]. Studies showed that the amino acid replacement of Arg with Gln changes the communication pathways of
IL-23 [17,18].

IL-23 was evaluated in MS, for its implication in the inflammatory process of the optic nerve and the CNS, attracting into the CNS
the myelin specific T cells and stimulating their survival in the brain parenchyma [19-21].

IL-27 a member of IL-12 family, has distinct roles in shaping T lymphocytes activity [22,23]. IL-27 has a heterodimeric structure,
consisting of Epstein—Barr-induced gene 3 product (EBI3) and IL-27p28 [24]. The receptor for IL-27 is expressed on the surface of
microglia, NK, plasma cells, endothelial cells and placental trophoblasts emphasizing the importance of IL-27 in balancing the immune
status of the brain and uterus [25]. IL-27 has different roles in acute and chronic inflammation [26]. IL-27 behaves as a downregulater
in chronic inflammation through IL-10 production, in order to prevent organs dysfunction and tissues injuries [26]. IL-27 stimulates
the production of T regulatory cells, it inhibits Th2 and Th17 responses, reducing the severity of the autoimmune processes [27].

Evaluating the levels of IL-27 in postmortem studies of patients with MS, higher levels were found in demyelinating plaques
comparing with controls brains [23]. The production of IL-27 b y astrocytes and microglial cells promotes remyelination and enhances
neurotrophic factor and nerve growth factor production [22,28].

The gene encoding IL-27 was found on chromosome 16p1 [29]. Several SNPs were found in IL-27 gene. One of the SNPs studied in
MS and other autoimmune diseases is A964G (rs153109), with functional consequences. A964G is located in close proximity to the
transcription locus of IL-27 gene and consists of the replacement of adenine (A) with guanine (G) in nucleotide 964, giving rise to a new
binding site in the gene promoter, which influences the expression pattern [30,31]. The localization of A964G in close proximity to
other functional epigenetic sites, which influence the transcriptional activity of the promoter and enhancer and controls the protein
expression and transcription, raised interest in evaluating this genetic variation in different types of digestive and gynecological
neoplasms [32].

T4730C (rs181206, Leul19Pro) is another IL-27 SNP, studied in Behcet’s disease (BD), ulcerative colitis (UC) and rheumatoid
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arthritis (RA) [31,33,34]. T4730C is a missense SNP, found in exon 4 of IL-27 gene, consisting of the substitution of thimine (T) with
cytosine (C) in nucleotide 4730, leading to the replacement in position 119, of the amino acid leucine with proline (Leul19Pro)
[35-37].

Considering the crucial role of IL-23 and IL-27 in modulating the activity of Th17 cells, we determined the concentration of this
cytokines in our sample of MS patients under treatment with interferon and glatiramer acetate, aiming: i) to test the association
between the cytokines (IL-23 and IL-27) values and the clinical characteristics in each of the multiple sclerosis groups (CIS, RRMS and
SPMS group) and ii) to evaluate the association between IL-23 and IL-27 serum levels and T4730C (IL-27), A964G (IL-27) and R381Q
(IL-23) gene polymorphisms in RRMS patients.

2. Materials and methods

In our study, between March 2019-January 2020, a non-probabilistic sample of eighty two patients with MS were selected and
included: 6 patients with CIS, 67 patients with RRMS and 9 patients with SPMS.

The patients were recruited in Cluj-Napoca, from the National Program of Multiple Sclerosis in the Neurology Clinic. Multiple
sclerosis diagnosis was formulated according to 2017 McDonald criteria [38]. The information was obtained from neurological ex-
aminations and personal interviews. Data about imaging investigations were obtained from the patients records.

The inclusion criteria were: patients with the diagnosis of MS, under IFN or GA treatment for MS. We chose to include only patients
who started injectable disease-modifying treatments (DMTs), given that oral DMTs were available only after 2017 in Romania.

The exclusion criteria were: other immunomodulatory therapies recently used, other autoimmune diseases such as SLE (systemic
lupus erythematosus), RA (rheumatoid arthritis), ankylosing spondylitis (AS), inflammatory bowel diseases (IBD), psoriasis, type 1
diabetes mellitus, use of cortisone in the last month, clinical relapse at the time of evaluation.

Ethics statement: The study was performed in conformity with the principles of the Declaration of Helsinki. The study was approved
by the Research Ethics Committee of the “Iuliu Hatieganu” University of Medicine and Pharmacy, Cluj-Napoca (Protocol Code 31,
February 25, 2019). All patients were informed about the aim of the study and signed an informed content.

2.1. Methods

2.1.1. Serum IL-23 and IL-27 determination

We determined human IL-23 and IL-27 concentrations in serum, using micro enzyme-linked immunosorbant assay (ELISA) plates
pre-coated with an antibody specific to human IL-23 and IL-27 (Elabscience Biotechnology Inc., Houston, TX, USA) according to the
manufacturer’s protocol (IL-23- Catalog No:E-EL-H0107, detection range: 39.06-2500 pg/ml; IL-27- Catalog No: E-EL-H2338,
detection range: 31.25-2000 pg/ml).

Samples were added to the micro ELISA plate wells pre-coated with an antibody specific to Human IL-23 and IL-27 respectively, and
combined with the specific antibody. For each probe, a biotinylated detection antibody specific for Human IL-23 and IL-27 respectively
and Avidin-Horseradish Peroxidase (HRP) conjugate were added. We added the substrate solution to each well. The enzyme-substrate
reaction was stopped by the addition of stop solution, the color turning yellow. For both IL-23 and IL-27, we measured spectropho-
tometrically the optical density (OD) at a wavelength of 450 nm + 2 nm using a microplate reader (Absorbance Microplate Reader
Sunrise Tecan; Tecan Group Ltd., Mannedorf, Switzerland) and Biochrom Asys Atlantis Microplate Washer (Biochrom Ltd. Cambridge,
UK). The OD value was proportional to the concentration of Human IL-23 and IL-27, respectively. Both the serum IL-23 and IL-27
concentrations were measured by comparing the OD of the samples to the standard curve (Sensitivity (IL-23) = 23.44 pg/ml,
Sensitivity (IL-27) = 18.75 pg/ml).

2.1.2. T4730C (IL-27), A964G (IL-27) and R381Q (IL-23) identification

In order to identify the genotypes for T4730C (IL-27), A964G (IL-27) and R381Q (IL-23) polymorphisms, we used DNA extraction
from blood leukocytes using a Zymoresearch kit (Quick DNAMiniprep, Kit-Zymo Research Corporation, Freiburg, Germany), followed
by PCR- RFLP analysis using specific primers from Eurogentec (Kaneka Eurogentec S.A. Biologics Division, LIEGE, Belgium), and Fual,
Xhol and Hpy188i restriction enzymes from New England Biolabs (New England Biolabs UK, Ltd, Hitchin, UK). The methods were
presented by Mohamadi et al. Anber et al. and Mosayebian et al. [39-41] and optimized in our laboratory [42].

2.2. Statistical analysis

Demographic variables were summarized by arithmetic mean and standard deviation (SD) or frequencies (%). Clinical variables
with departures from Gaussian distribution were summarized by median with interquartile interval IQR = [25th percentile; 75th
percentile]. Comparison of demographic and clinical characteristics between CIS, RRMS and SPMS groups was performed using the
Chi-squared (y2), Fisher’s exact tests, one-way ANOVA or Kruskal-Wallis test. Parametric and nonparametric pairwise multiple-
comparison procedures as Turkey HSD and Dunn’s test were applied when the overall estimated significance level (p-value) for
ANOVA or Kruskal-Wallis tests reached the statistical threshold.

Distributions of serum cytokines followed Gaussian distributions in RRMS patients but not in SPMS patients or CIS patients.
Assessment of univariate normality was done using several methods, such as descriptive statistics, quantile-quantile (Q-Q) plot and
Shapiro-Wilk test with Holm correction for multiple comparisons.

The associations of serum cytokines with clinical variables and gene polymorphisms were tested using Student-t test with equal
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variances, Welch Two Sample t-test or ANOVA test.

Because of the small sample size of CIS group (n = 6) and SPMS group (n = 9) and small frequencies (<2) of certain variant ge-
notypes, the associations between serum cytokines and studied SNPs was not tested in CIS and SPMS groups.

The departure from Hardy-Weinberg Equilibrium (HWE) for studied SNPs was tested using the exact Chi-square test from “ge-
netics” R package [43].

All statistical analyses were performed in R software, version 4.1.3[44].

3. Results
3.1. Description of the studied groups

The demographic and clinical characteristics of the studied clinical forms of MS are described in Table 1. SPMS, RRMS patients and
CIS patients differed significantly in age distribution, SPMS patients presenting increased age (age range: 35 — 64 years, median age:
51) when compared with RRMS patients (age range: 25 — 67 years, median: 43) and CIS patients (age range: 22— 45 years, median:
32). In the CIS group 4 patients were men (66.7%) and 2 patients were women (33.3%). In the RRMS group 57 patients were women
(85.1%) and 10 patients were men (10.9%) and in the SPMS group 6 patients were men (66.7%) and 3 patients were women (33.3%).
Concerning the presence of the personal history of autoimmune diseases, only four (6%) patients in the RRMS group presented per-
sonal history of autoimmune disease.

We found no significant differences concerning age at disease onset between the studied clinical forms of MS (p = 0.528). However,
RRMS patients significantly differed from SPMS patients in EDSS scores (adjusted p-value = 0.00004). The frequency distribution of
MS treatment was similar in the studied groups (p = 0.479) with significant differences regarding the duration of treatment between
RRMS patients and SPMS patients (adjusted p-value = 0.0161) (Table 1).

3.2. Association analysis between serum levels of IL-23 and IL-27 and clinical characteristics in RRMS patients

Correlation analysis highlighted a significant monotonic relationship between the IL-27 and patients’age values and a tendency
toward statistical significance regarding the relationships between the IL-27 and patients’age at disease onset (Table 2).

When quantitative clinical characteristics were dichotomized, bivariate analysis did not reveal significant relationships between
the IL-23 serum levels and gender, age at disease onset (<28 years vs. > 28 years), degree of disability (EDSS >2 vs. EDSS <2) and
duration of disease-treatment (>72 months vs. < 72 months) (Table 3). Patients with early onset of RRMS (age at disease onset <28
years) had significantly higher mean serum IL-27 levels as compared with patients with later onset of RRMS (age at disease onset >28
years) (21.7 &+ 5.3 pg/ml vs. 19.0 & 4.4 pg/ml, p = 0.026).

3.3. Correlation analysis between serum levels of IL-23 and IL-27 and clinical characteristics in CIS and SPMS patients

We found no significant monotonic correlation between IL-27 and values of age at disease onset, duration of disease and duration of
disease-modifying treatment in the CIS and SPMS group respectively (Table 4). We also noticed a positive correlation of IL-27 with
patients ‘age values (p = 0.75, p = 0.021) and a positive correlation between IL-23 and duration of disease-modifying treatment (p =
0.70, p = 0.037) in the SPMS group (Table 4).

Table 1

Demographic and clinical characteristics of the CIS, RRMS and SPMS patients.
Variables CIS patients (n; = 6) RRMS patients (ny = 67) SPMS patients (n3 = 9) p-value
Age (years), mean + SD 33.0+£7.8 43.4 +10.2 51.6 £ 9.2 0.003*
Gender, n (%) 0.0003*
Male 4 (66.7) 10 (14.9) 6 (66.7)
Female 2(33.3) 57 (85.1) 3(33.3)
Age at disease onset (years), median [IQR] 28 [27; 30.5] 28 [23.5; 39.5] 34 [32.0; 41.0] 0.528
Duration of disease (years), median [IQR] 2 [1.25; 2.75] 10 [7.5; 15.5] 13 [11.0; 24.0] 0.001*
Lesion location on MRI 0.874
Supratentorial or infratentorial region 2(33.3) 14 (20.9) 4 (44.9)
Both regions 1(6.7) 23 (34.3) 2(22.2)
supratentorial + infratentorial + MS 2(33.3) 21 (31.3) 2 (22.2)
supratentorial + MS 1(16.7) 9(13.4) 1(11.1)
EDSS Score at admission 0 [0, 0.75] 2[1;3] 6 [4; 6.5] <0.0001*
Disease-modifying treatment, n (%) 0.479
Interferon-beta 2(33.3) 33 (49.3) 6 (66.7)
Glatiramer acetate 4 (66.7) 34 (50.7) 3(33.3)
Duration of disease-modifying treatment (months), median [IQR] 16 [8.3; 24.5] 72 [30.0; 120.0] 156 [132.0; 156.0] 0.001*

CIS-clinically isolated syndrome; RRMS-relapsing remitting multiple sclerosis; SPMS-secondary progressive multiple sclerosis; MRI-magnetic reso-
nance imaging; MS- multiple sclerosis; SD = standard deviation; IQR = [Q1, Q3] where Q1 = Quartile1l; Q3 = Quartile 3; n (%) = absolute frequencies
(% percentages estimated from the size of group); p-values obtained from ANOVA, Kruskal-Wallis test or Fisher’s exact test; * significant results: p-
value <0.05.
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Table 2
Correlations between IL-23 and IL-27 values and the clinical characteristics of RRMS patients.
Variables IL-23 (pg./ml) IL-27(pg./mD
Correlation Coefficient p (p-value) Correlation Coefficient p (p-value)
Age (years) 0.04 (0.758) —0.31 (0.012%)
Age at disease onset (years) —0.08 (0.529) —0.20 (0.097)
Duration of disease (years) 0.09 (0.475) —0.12 (0.328)
EDDS (points) 0.04 (0.729) —0.08 (0.500)
Duration of Disease-modifying treatment (months) —0.01 (0.910) —0.06 (0.647)
Number of relapses under treatment —0.03 (0.809) 0.02 (0.859)
Table 3
Serum levels of IL-23 and IL-27 in relation to the clinical characteristics of RRMS patients.
Variables Groups Mean =+ SD or Median [IQR] p-value
IL-23 (pg./ml)
Gender Female (n = 57) 178.8 +93.8 0.342
Male (n = 10) 209.2 + 86.5
Age at disease onset® <28 years (n = 33) 192.7 + 80.2 0.421
>28 years (n = 34) 174.3 +103.8
Duration of disease ® <10 years (n = 34) 183.6 + 110.5 0.979
>10 years (n = 33) 183.1 +71.7
EDSS © <2 (n=38) 172.3 +100.8 0.257
>2 (n=29) 197.7 + 80.4
Number of relapses under treatment <2 (n=42) 186.0 + 95.0 0.763
>2 (n=25) 178.9 4+ 90.5
Duration of Disease-modifying treatment © <72 months 194.2 4+ 102.7 0.404
>72 months 175.1 + 84.8
Disease-modifying treatment Interferon-beta (n = 33) 183.3 +108.8 0.996
Glatiramer acetate (n = 34) 183.4 &+ 75.6
IL-27(pg./ml)
Gender Female (n = 57) 19.9 + 49 0.139
Male (n = 10) 225 +£ 5.2
Age at disease onset @ <28 years (n = 33) 21.7 +£5.3 0.026*
>28 years (n = 34) 19.0 £ 4.4
Duration of disease ® <10 years (n = 34) 19.9 + 3.9 0.554
>10 years (n = 33) 20.6 + 5.6
EDSS © <2 (n = 38) 20.1 [16.6; 23.8] 0.672
>2 (n =29) 19.2 [16.5; 22.5]
Number of relapses under treatment <2 (n=42) 20.2 + 5.0 0.764
>2 (n = 25) 20.6 + 4.9
Duration of disease-modifying treatment © <72 months 20.3 + 4.5 0.922
>72 months 20.4 + 5.3
Disease-modifying treatment Interferon-beta (n = 33) 21.4 +5.4
Glatiramer acetate (n = 34) 19.3 + 4.4 0.079

IQR = [Q1, Q3] where Q1 = Quartilel; Q3 = Quartile 3; n = number of cases; p-values were obtained from Student-t test with equal variances or
Welch Two Sample t-test; @ the median value was equal to 28 years; ® the median value was equal to 10 years; the median value was 2 points;  the
median value was equal to one relapse; © the median value was equal to 72 months; *significant result: p < 0.05.

3.4. Association analysis between serum levels of IL-23 and IL-27 and studied SNPs in RRMS patients

The genotype distributions of studied SNPs in RRMS cases did not reveal any significant deviation from the Hardy—Weinberg
equilibrium (p = 0.368 for T4730C (IL-27), p = 0.630 for A964G (IL-27) and p = 1.00 for R381Q (IL-23)).

In order to identify the associations of IL-23 and IL-27 with studied SNPs, the serum cytokines levels were compared across the
genotypes (Fig. 1). In the dominant model, significantly higher IL-23 levels (p = 0.035) were observed in RRMS patients carriers of the
GG (R381Q-IL-23) genotype (188.5 + 91.1 pg/ml) as compared with carriers of the AG (73.4 £ 59.9 pg/ml) genotype. In the
codominant model, higher IL-23 levels were observed in patients carriers of the AA (A964G-IL-23) genotype (218.9 & 121.1 pg/ml) as
compared with those who were carriers of the AG (185.3 + 77.7 pg/ml) and GG (145.6 + 85.2 pg/ml) genotypes (Table 5).

4. Discussion

In MS, the consolidation of the inflammatory process and also the resolution of this process is dependent upon cytokines activation.

Based on the importance of both IL-27 and IL-23 and their receptors in the inflammatory processes in patients with MS, as well as on
the recent findings that IL-23 R may be a genetic risk factor for autoimmune diseases [45], we studied IL-27 and IL-23 R SNPs and their
serological levels in MS.
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Correlations between IL-23 and IL-27 values and the clinical characteristics of CIS and SPMS patients.
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Variables

IL-23 (pg./ml)

Correlation Coefficient p (p-value)

IL-27(pg./mD

Correlation Coefficient p (p-value)

CIS group (n = 6)

Age (years)

Age at disease onset (years)

Duration of disease (years)

EDDS (points)

Duration of Disease-modifying treatment (months)
Number of relapses under treatment

SPMS group (n = 9)

Age (years)

Age at disease onset (years)

Duration of disease (years)

EDDS (points)

Duration of Disease-modifying treatment (months)
Number of relapses under treatment

—0.35 (0.499)
0.06 (0.913)
—0.20 (0.699)
0.78 (0.069)
—0.54 (0.297)
NA

—0.22 (0.581)
—0.48 (0.192)
0.34 (0.366)

—0.04 (0.729)
0.70 (0.037*)
—0.27 (0.478)

0.29 (0.577)
0.09 (0.869)
0.06 (0.913)
—0.78 (0.069)
0.43 (0.419)
NA

0.75 (0.021%)
0.34 (0.368)
0.06 (0.881)
—0.08 (0.500)
—0.17 (0.653)
0.14 (0.724)

*significant result: p < 0.05; p = Spearman correlation coefficient; NA = not available (no CIS patients with relapses under treatment).
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Fig. 1. Distributions of serum levels of IL-23 and IL-27 in different genotypes groups in RRMS patients. Note. The dot plots represent measured
values for serum IL-23 and IL-27 in each genotype for RRMS patients. Red and blue points represent the mean values of cytokines. The first row
represents the level of serum IL-23 in the studied genotypes and the second row represents the serum level of IL-27 in each studied genotype. (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Di Meglio et al. (2013), Pidasheva et al. (2011) and Sarin et al. (2011) showed a defective IL-23 signal in cells from individuals
carrying the protective A381 allele, causing a selective decreasing of IL-17 production, by reducing STAT3 phosphorylation, offering
protection against psoriasis, Crohn’s disease (CD) and AS [45-47]. The same results were reported by Deveci et al. (2019), demon-
strating a significantly higher presentation of R381Q among healthy controls comparing with patients, suggesting a protective effect of
the A381 allele from immune-mediated chronic inflammation [48]. We obtained preliminary results in two anterior pilot studies in
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Table 5
Serum levels of IL-23 and IL-27 in relation to IL-27 and IL-23 gene polymorphisms of RRMS patients.
SNPs Genetic model Genotypes Mean + SD p-value
IL-23 (pg./ml)
T4730C (IL-27) Codominant TT (n = 36) 186.5 + 107.5 0.950
TC (n = 24) 178.5 + 75.5
CC(n=7) 183.8 £ 71.5
Dominant TT (n = 36) 186.5 + 107.5 0.762
TC + CC (n = 31) 179.7 £ 73.5
A964G (IL-27) Codominant AA (n =15) 2189 +£121.1 0.086
AG (n = 36) 185.3 £ 77.7
GG (n = 16) 145.6 + 85.2
Dominant AA (n =15) 2189 +£121.1 0.184
AG + GG (n =52) 173.1 £ 81.4
R381Q (IL-23) Codominant GG (n = 64) 188.5 £ 91.1 0.035*
AG (n=23) 73.4 +£59.9
IL-27 (pg./ml)
T4730C (IL-27) Codominant TT (n = 36) 21.1.5+5.7 0.934
TC (n = 24) 20.0 +£3.8
CCn=7) 17.9 + 3.8
Dominant TT (n = 36) 21.1 £5.7 0.198
TC + CC (n = 31) 19.5 + 3.9
A964G (IL-27) Codominant AA (n =15) 20.2 £ 5.4 0.314
AG (n = 36) 21.1 £5.3
GG (n = 16) 18.8 + 3.5
Dominant AA (n =15) 20.2 £ 5.4 0.875
AG + GG (n=52) 20.4 + 4.9
R381Q (IL-23) Codominant GG (n = 64) 20.3 +£5.0 0.940
AG (n=23) 20.6 + 4.6

SD = sample standard deviation; p-values were obtained from Student-t test with equal variances or Welch Two Sample t-test or ANOVA.

which we analyzed the possible role of T4730C (IL-27), A964G (IL-27), R381Q (IL-23) gene polymorphisms and the susceptibility to
MS [42,49].

In the current study, we found that RRMS patients with wild (GG) genotype of R381Q (IL-23) showed a significantly higher mean
serum IL-23 than patients with variant (AG) genotype, suggesting the possible association of this genetic variation with the serum IL-23
concentration (difference in means: 115.1 pg/ml, 95% CI for difference: 8.6-221.6 pg/ml). The gender, age of onset, the duration of
treatment followed, the EDSS score, the number of relapses and the disease duration were not significantly associated with the
variation of IL-23 in each of the studied MS groups.

A double-blinded placebo-controlled study conducted by Vollmer et al. (2011) showed a lower rate of relapses in patients with
active MS treated with IL-23 monoclonal antibodies [50]. In Guillain Barre syndrome (GBS), a peripheral nervous system demye-
linating disorder, Peng et al. (2018) have demonstrated that IL-23 shows pro-inflammatory effects at the early stage of GBS [51]. IL-23
was shown to promote the progression of the disease, with higher levels of IL-23 in older individuals, suggesting that, inflammation
may be more harmful with the increasing age [51].

The disease duration is also important in the evolution of MS, but in our study we did not find any significant association between
IL-23 levels and disease duration in any of the clinical forms of the disease. The following clinical factors were described as poor
prognostic factors in MS: primary progressive MS form, a high relapsing rate, a shorter period of time between the first and the second
relapse, brainstem, cerebellar and spinal symptoms at the onset, poor recovery from the first relapse, a higher EDSS score at diagnosis,
a polysymptomatic onset and early cognitive deficits [52-54]. In our study, we did not find significant association of IL-23 levels with
gender, age of MS onset, the number of relapses under treatment in none of clinical forms of MS and a positive correlation between
IL-23 levels and the duration of disease-modifying treatment being found in SPMS patients. In contrast with IL-23, which stimulates the
traffic of myelin specific T lymphocytes in the CNS and favours an inflammatory environment through IL-17 production, IL-27 prevents
autoimmunity maintaining an immunotolerogenic state through its broad immunoregulatory roles [19,20,55]. IL-27 was proposed as a
possible therapeutic agent for some autoimmune diseases, due to its implication in the production of T regulatory cells and suppression
of Th17 cells, through IL-10 and programmed death ligand 1 (PD-L1) secretion and IL-6 and TGF-f [56].

Lalive et al. (2017) had a different approach regarding IL-27 involvement in MS, evaluating its CSF levels and showing higher levels
of IL-27 in patients, compared to controls, showing astrocytes producing IL-27 in the active demyelinating lesions of MS patients [57].
The same study showed a negative correlation between a higher IL-27 level in the CSF and a higher EDSS score.

Our results showed that in RRMS, patients’age is significantly negatively correlated with IL-27 levels (p = -0.31, p = 0.012). Also, a
significant increase of mean serum IL-27 was noticed in cases with early MS onset (age at disease onset <28 years) (difference in
means: 2.7 pg/ml, 95% CI for difference: 0.3-5.0 pg/ml) of RRMS compared to cases with later onset of RRMS (age at disease onset
>28 years), We observed that in RRMS, age at disease onset tend to be negatively correlated with IL-27 levels (p =-0.2, p = 0.097). The
finding that age at onset is an important predictor for disability was demonstrated by previous reports [58,59]. Our finding supports
the “treat early concept” presented by Jokubaitis et al. (2015), Kavaliunas et al. (2016) and Zarei et al. (2019), who emphasized the
urge to initiate treatment in MS in the first 12 months after de diagnosis, in order to control the worsening of disability and the relapse
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activity [60-62]. Regarding the SPMS group, patients’age is positively correlated with IL-27 levels. There was no significant corre-
lation between age, age at disease onset, duration of disease (years) and IL-23 levels in both CIS and SPMS groups.

Prosperini et al. (2021) also demonstrated that age at treatment start and presence of spinal cord lesions were the main factors
associated with progression independent of relapses activity (PIRA) in apparently stable patients [63]. Further studies are needed in
order to understand how IL-27 levels fluctuate in MS progression. The gender, the EDSS score, the number of relapses, and the disease
duration were not significantly associated with the variation of IL-27 serum levels in our study. In RRMS group, there is a tendency
toward statistical significance regarding the relationship between the type of treatment and the IL-27 level.

Moreover, we found no significant differences concerning the serum levels of IL-27 in relation to IL-27 SNPs of RRMS patients, but
we observed a trend for statistical significance (p = 0.086) concerning the relationship between serum levels of IL-23 and A964G-IL27
gene polymorphism, a higher increase of the means of serum IL-23 in RRMS patients carriers of AA (A964G-IL27) genotype in
comparison with patients with AG or GG genotypes.

To our knowledge, for Romania, this is the first study evaluating the variation of IL-27 and IL-23 in relation to DMT’s characteristics
stratified by three stages of MS (CIS, RRMS and SPMS), but extensive studies are required in order to confirm these results. Also, this is
the first study comparing the serological level of IL-23 and IL-27 and different polymorphisms located in their genes in RRMS patients
treated with injectable DMTs.

Despite evaluating for the first time in the Romanian population the relation between SNPs and serological levels of IL-27 and IL-23
in MS patients under IFN-f and GA therapy, our study has some limitations. One of the main limitations is related to the sample size of
CIS group (n = 6) and SPMS group (n = 9) which may not be large enough: i) to depict a definite cytokines profile in each of MS clinical
forms and ii) to identify the potential effect of MS type in the variation of cytokines levels controlling for other known covariates.
Second limitation is related to the cross-sectional study design, a future longitudinal observational study being required to draw a
definite conclusion between serological levels of IL-23 and IL-27 and their usage as potential markers to follow MS evolution and the
patients’ response to treatment. Another limitation can be related to the lack of evaluating patients with MS following other oral
treatments (Teriflunomide, Dymethil fumarate, Fingolimodum) in order to compare treatment responses in patients with different
therapies and the lack of comparative evaluation of IL-23 and IL-27 in the serum and in the CSF. A larger cohort of patients is required
for a more precise conclusion and evaluation, and other ethnic groups could be further explored.

Our results add new insight on the IL-23 and IL-27 involvement in MS and support the important roles of these cytokines in
autoimmunity, but further investigations are still required to understand the context-dependent inflammatory activities of both in-
terleukins. The complex functions of both IL-27 and IL-23 should be further studied in order to find the right modality to use them as
therapeutic tools or evolution biomarkers.

The adequate therapeutic intervention at the beginning of the inflammatory stage, in the so called “window of opportunity”,
prevents disease progression and improves the quality of patients lives.

5. Conclusions

Our study revealed a significant relationship between IL-27 serum levels and early disease onset in RRMS patients with higher
serum levels of IL-27 in patients with an earlier age of disease onset (age at disease onset <28 years). We also found a significant
difference in IL-23 serum levels in RRMS patients carrying AG and GG genotypes of R381Q polymorphism,. The disease duration,
number of relapses under treatment were not significantly associated with the serum levels of IL-27 and IL-23 in none of clinical forms
of MS, a positive correlation between IL-23 serum levels and disease treatment duration being found only in SPMS patients but further
studies should confirm this result on a larger sample size.
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