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One of the key factors in the pathogenesis of multiple sclerosis, which can affect the risk of its development, clinical ma-
nifestations and the nature of the course, is considered to be the polymorphism of disease-associated genes. The identification of 
genetic biomarkers in multiple sclerosis is the subject of current research in Europe, Asia, as well as in the United States and 
Canada, which are united in the International Multiple Sclerosis Genetics Consortium (IMSGC). The study included 137 pa-
tients with relapsing-remitting disease with haplotype AG, n = 137, and haplotype AA, n = 47; a group of patients with progres-
sive multiple sclerosis with haplotype AG, n = 141, and haplotype AA, n = 17. Determination of the relative content of CD80, 
CD86 and PD-L1 positive peripheral blood monocytes was performed by immunofluorescence using PE-labeled monoclonal 
antibodies against CD14, FITC-labeled monoclonal antibodies against CD80, PE-Cy7-labeled monoclonal antibodies against 
CD86 and APC-labeled monoclonal antibodies against PD-L1 produced by EXBIO Praha, a. s. (Czech Republic). The content 
of cytokines (IFN-γ, IL-1β, IL-12, IL-10) in the supernatant of mononuclear macrophages was evaluated by enzyme-linked 
immunosorbent assay (ELISA). According to the results of the study, a method was proposed for identifying a genetic risk 
group for the development of multiple sclerosis by determining the SNP rs9271366 (AG) of the HLA-DRB1*1501-
DQB1*0602 haplotype in individuals from the northeastern region of Ukraine. The minor allele was most often detected among 
patients with progressive PMS (89.2% vs. 10.8%), while among patients with relapsing-remitting disease the G allele was de-
tected in 74.5% vs. 25.5%. The article deals with the antigen-presenting and cytokinesis properties of mononuclear phagocytes 
of patients with different types of multiple sclerosis depending on the presence of the disease-associated HLA-DR polymor-
phism. The level of CD86 expression was increased in all patients carrying the disease-associated allele, and the level of CD80 
expression was increased only in heterozygous patients with progressive multiple sclerosis. The expression of PD-L1 molecules 
in patients with the disease-associated polymorphism was lower compared with both patients homozygous for the A-allele and 
the control group. The level of synthesis of cytokines IFN-γ, IL-1β, IL-12 in the supernatant of mononuclear macrophages of 
patients with progressive multiple sclerosis with the AG haplotype was more pronounced than in patients with relapsing-
remitting multiple sclerosis with a disease-associated polymorphism with the AG haplotype, indicating the influence of genetic 
inheritance on the level of cytokine expression. It was found that the level of IL-10 in the supernatant of mononuclear macro-
phages of patients with relapsing-remitting multiple sclerosis with the AG haplotype indicates a less pronounced effect of this 
interleukin on the compensation of proinflammatory imbalance.  

Keywords: multiple sclerosis; disease-associated polymorphism of HLA-DR; demyelinating disease; expression of co-
signaling molecules; cytokines.  

Introduction  
 

Multiple sclerosis (MS) is a chronic inflammatory immune-me-
diated multifactorial disease characterized by demyelination and axo-
nal degeneration. The study of the pathogenesis of MS and the deve-
lopment of methods for its diagnosis are one of the most relevant 
areas of modern medicine and biotechnology. The extension of MS 
and the formation of different types of its course are the result of a 
complex interaction between environmental factors, genetic factors 
that determine individual susceptibility, and immunological and phy-
siological characteristics of the patient (Dobson & Giovannoni, 2019; 
Kimoff et al., 2022).  

As one of the key factors in the pathogenesis of MS, in terms of 
its ability to influence the risk of development, clinical manifestations 
and nature of the course of the disease, polymorphism of disease-as-
sociated genes is considered. The relationship of multiple sclerosis 
with genetic polymorphism is also the subject of modern research. 
To date, dozens of genes have been identified, the polymorphism of 
which is associated with a high risk of developing multiple sclerosis, 
an increased level of autoimmune disorders, and permeability of the 

blood-brain barrier. Identification of genetic biomarkers in PC is a 
very complex task, at which many modern studies in Europe, Asia, as 
well as in the USA and Canada are aimed. Researchers of polymor-
phic genetic variants that affect the risk of developing multiple sclero-
sis are united in the international consortium International Multiple 
Sclerosis Genetics Consortium (IMSGC). To date, 110 genetic risk 
variants for MS have been identified by IMSGC participants (Katsa-
vos & Anagnostouli, 2013; Axisa & Hafler, 2016).  

Due to the complexity of MS development, not only genetic 
markers of the disease, but a panel of biomarkers of different types 
may be needed to reflect pathological changes and study the mechan-
isms of this disease. In general, the definition of effective and ade-
quate biomarkers of MS is a complex and difficult task, some aspects 
of which are addressed in this study. Recent studies using the method 
of genome-wide association studies (GWAS) have shown that poly-
morphic variants of genes of co-signaling molecules, such as CD40, 
CD86 and CD80, are also associated with multiple sclerosis (De 
Silvestri et al., 2019; Shepard et al., 2019).  

The expression of HLA-DR, as well as the cosignaling molecules 
CD40, CD80 and CD86, which are involved in the implementation of 
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intercellular synapses, is an important characteristic of the state of 
mononuclear phagocytes, particularly their ability to activate lympho-
cytes and present antigens. Connected with it, higher or lower levels 
of expression of different HLA-DR molecules determine the spect-
rum of their possible combinations with specific receptors and the 
levels of co-signaling  molecules, which determines the strength and 
quality of the T-cell response, and the type of polarization of peri-
pheral T-cells.  

First of all, the action of autoreactive T-lymphocytes and autoan-
tibodies to myelin proteins is associated with demyelinating processes 
in MS. At the same time, in terms of immunological mechanisms of 
MS development, a key pathogenetic role is assigned to innate immu-
nity, in particular mononuclear phagocytes of the brain (microglia), as 
well as peripheral organs and blood (monocytes, macrophages, den-
dritic cells). It is known that mononuclear phagocytes take part in va-
rious pathological processes at almost all stages of the development of 
the disease. Thus, along with the activation of microglia cells, the 
most important mechanism for initiating and maintaining inflamma-
tion in the CNS is the infiltration of peripheral monocytes into brain 
tissue with their subsequent transformation into activated macropha-
ges and dendritic cells (Katsavos & Anagnostouli, 2013; Hollenbach 
& Oksenberg, 2015).  

T-cell activation requires two distinct but synergistic signals: the 
first signal is provided by the interaction of the T-cell receptor with 
the MHC/antigen peptide complex expressed on antigen-presenting 
cells (APCs), while the second signal is achieved by the binding of 
cosignaling receptors on the surface of T-cells to ligands presented on 
APCs. The interaction of CD80, CD86 with CD28 acts as a co-signa-
ling action for T-cell activation.  

It is known that in MS patients, increased expression of CD80 
has been found in active lesions in multiple sclerosis, as well as on 
monocytes and B cells in the cerebrospinal fluid and peripheral blood 
(Wagner et al., 2015). It has been found that the expression levels of 
CD86 and CD40L are significantly increased on monocyte cells in 
patients with secondary progressive MS compared with these indica-
tors in a group of patients with the remitting type of the disease (Wag-
ner et al., 2015). The expression of co-signaling  molecules, such as 
CD80 and CD86, is noted on microglia, astrocytes, vascular epithelial 
cells in areas of MS lesions (Wagner et al., 2015; Zadeh et al., 2017). 
An important function in the regulation of immune homeostasis and in 
maintaining peripheral tolerance through secondary co-signaling action 
of activated lymphocytes is played by PD-1 and its ligands (PD-L1 and 
PD-L2), transmembrane proteins that have different expression patterns 
and differ in their affinity (Javan et al., 2016; Li et al., 2021).  

Managing a complex disease such as MS requires not only know-
ledge of the underlying physiological processes necessary for clinical 
decision-making or for the identification and evaluation of novel the-
rapeutic targets, but also an understanding of the mechanisms under-
lying the disease. Imaging of disease activity by magnetic resonance 
imaging only partially correlates with clinical measures of disease 
progression, such as relapse rate or expanded disability score (Dobson 
& Giovannoni, 2019; Kimoff et al., 2022). There are still no clear ob-
jective clinical criteria for diagnosing or predicting the type of clinical 
course, signs of disease progression (e.g., transition from clinically 
isolated syndrome to clinically significant multiple sclerosis, or prog-
nosis of malignancy in MS.  

Connected with this, the aim of our work was to study the fea-
tures of the functional state of peripheral blood mononuclear phago-
cytes in patients with multiple sclerosis with the presence of the dis-
ease-associated HLA-DR polymorphism among the population of the 
North-Eastern region of Ukraine by determining the single nucleotide 
polymorphism SNP rs9271366 (AG) haplotype, the number of cells 
expressing receptors for CD80, CD86, PD-L1 monocytes, and the 
level of secretion of IFN-γ, IL-1β, IL-12, IL-10 to monitor the risk 
group for the development of the disease.  
 
Materials and methods  
 

The study was conducted in accordance with the principles of the 
Declaration of Helsinki. Informed consent was obtained from all par-

ticipants, the protocol was approved by the Bioethics Commission of 
the State Institution "Mechnikov Institute of Microbiology and Im-
munology of the National Academy of Medical Sciences of Ukraine", 
Kharkiv, Ukraine, which confirms that the materials and methods of 
the conducted scientific research comply with the order of the Minist-
ry of Health of Ukraine dated 01.11.2000 No. 281 (protocol No. 5 da-
ted 05.05.2025). The data are anonymized and stored in accordance 
with GDPR requirements.  

Biological material was blood and buccal epithelium samples 
from MS patients and clinically healthy people. In addition to asses-
sing the clinical status of patients, the study design also included an 
assessment of systemic immunity indicators: the level of expression 
of co-signaling molecules CD80, CD86 and PD-L1 on peripheral 
blood monocytes, determination of cytokine content (IFN-γ, IL-1β, 
IL-12, IL-10) in the supernatant of cultured mononuclear cells and 
analysis of HLA polymorphism, in particular, the detection of the 
HLA-DR15 haplotype. for its specific SNP marker rs9271366.  

The immunological study was conducted in the Laboratory of 
Clinical Immunology and Allergology of the Mechnikov Institute of 
Microbiology and Immunology of the National Academy of Medical 
Sciences of Ukraine. The diagnosis was verified in the Department of 
Neuroinfection and Multiple Sclerosis of the Institute of Neurology, 
Psychiatry and Narcology of the National Academy of Medical Sci-
ences of Ukraine. The survey involved 342 patients with a verified di-
agnosis of "multiple sclerosis", residents of Kharkiv and Kharkiv re-
gion, of whom: 97 men aged 33.7 ± 7.7 years and 245 women aged 
42.1 ± 11.9 years, respectively. All patients were divided into the fol-
lowing groups depending on the clinical course of the disease: 
1) RRMS – a group of patients with relapsing-remitting type of MS, 
with haplotype AG, n = 137; 2) RRMS – a group of patients with 
relapsing-remitting MS, with haplotype AA, n = 47; 3) PMS – a gro-
up of patients with progressive MS with haplotype AG, n = 141; 
4) PMS – a group of patients with progressive MS, with haplotype 
AA, n = 17. The criterion for including patients in the study was the 
absence of therapy with disease-modifying drugs or other immuno-
suppressive therapy for at least six months prior to the study.  

The control group consisted of 364 clinically healthy individuals, 
men and women with a mean age of 30.1 ± 8.2 years. The inclusion 
criteria for the control group were the absence of acute infections for 
at least 1 month before taking the biological material, the absence of 
chronic inflammatory, allergic and autoimmune diseases.  

Molecular genetic methods. Isolation of high-molecular-weight 
DNA was performed on a magnetically sensitive sorbent using the 
NeoPrep100 DNA Magnet kit (NeoGene, Ukraine). SNP polymor-
phism rs9271366 A/G was typed by allele-specific amplification with 
subsequent electrophoretic detection of the results. Primers were se-
lected according to the method (Liu et al., 2012), adding a mismatch 
at the third position at the 3' ends. Primers MS92AF 5`-CACGTA 
ATATAAATGGTTGCAAAGGA-3`, MS92GF 5`-CACGTAATA 
TAAATGGTTGCA-AAGGG-3` and MS92R5` AACCTGATGTA 
ACAGA(C/T)CTCTA-3` (Eurofins Genomics), as well as Taq-mut 
polymerase (Liteh), were used in the study. Amplification was per-
formed on a Tercyc multichannel amplifier. Amplification mode: de-
naturation at 96 °C for 3 minutes and 35 cycles, which included dena-
turation at 95 °C for 30 seconds, annealing at 58 °C for 30 seconds 
and synthesis at 72 °C for 30 seconds. The length of the amplicon was 
233 bp. Electrophoresis was performed in 2% agarose gel in TAE 
buffer. Electrophoresis analysis was performed on a UVT 1 “Bio-
com” transilluminator.  

Identification of single nucleotide polymorphism (SNP) 
rs9271366 using allele-specific PCR. Molecular genetic research 
within the framework of determining the presence of disease-associa-
ted polymorphic variants of HLA-DR as markers of risk of MS de-
velopment included: collection of biological material, preparation of 
DNA samples, development and validation of a method for typing a 
single polymorphism rs9271366 A/G using allele-specific PCR, de-
termination of the haplotype HLA-DRB1*1501-DQB1*0602 (HLA-
DR15) in 342 patients with MS and 364 healthy individuals.  

The presence of the "risk" haplotype HLA-DRB1*1501-
DQB1*0602 in patients with MS was established using one of the 
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specific markers of this gene variant – the G allele of SNP rs9271366, 
which belongs to non-synonymous single nucleotide polymorphisms 
and is located on chromosome 6p21.3 in the HLA locus with localiza-
tion 32 619 080. SNP rs9271366 is characterized by the presence of 
two alleles – A and G (A>G).  

Methods for detecting HLA-DR15 based on typing of tagSNPs 
specific to this haplotype allow achievement of sufficiently high le-
vels of sensitivity and specificity (Javan et al., 2016). For typing of 
SNP rs9271366 (AG), a method based on allele-specific PCR was 
developed using a newly created, exclusive primer system that al-
lowed for clear differentiation of alleles of this locus.  

The sequence CACGTAATATAAATGGTTGCAAAAG (AG) 
was chosen as the starting oligonucleotide for the forward primer, the 
last nucleotide of which was either A or G, depending on the reaction 
setup. Due to the low content of CG (30.77%), the length of the pri-
mer was increased to 26 steps, which provided a sufficiently high 
melting temperature Tm = 57.1 °C. Although the oligonucleotide had 
a high self-complementarity index (6), the most unfavorable 3'-self-
complementarity was 0. The reverse primer 5`-AACCCTGATGTAA 
CAGA(C/T)CTCTA-3  ̀ was selected using the PrimerBlast program 
(NCBI), its characteristics: length 23 nucleotides, Tm = 58.32 °C, GC 
content 43.48%, self-complementarity – 5 and 3'-self-complementa-
rity – 2. Checking the primers against the NCBI databases indicated 
their high specificity for the selected region of the human genome.  

Since a single nucleotide difference cannot completely exclude 
amplification of an alternative allele, additional changes were made to 
the sequence of the 3'-end of the forward primers to ensure the speci-
ficity of allele-specific PCR, which directly recognize allelic variants 
of the studied polymorphism. When introducing an additional mis-
match, we were guided by the recommendations ofJavan et al. 
(2016), which, based on the study of more than 2000 primer pairs, 
showed that the highest specificity is provided by introducing a mis-
match in the third position from the 3'-end of the primer (Javan et al., 
2016). In our case, this was ensured by replacing A with G in the 3rd 
position from the 3' end of the forward primer. The final structure of 
the primers produced by Eurofins Genomics that were used in the 
study is given below:  
MS92АF 5`-CACGTAATATAAATGGTTGCAAAGGA-3` 26 
MS92GF 5`-CACGTAATATAAATGGTTGCAAAGGG-3` 26 
MS92R5`-AACCCTGATGTAACAGA(C/T)CTCTA-3` 23 

Results with a reproducibility level of more than 95% were obtai-
ned when using a mutant recombinant Taq polymerase of the compa-
ny, specially adapted for allele-specific PCR with electrophoretic de-
tection of reaction results.  

The developed method for determining the presence of the HLA-
DRB1*1501-DQB1*0602 haplotype by typing SNP rs9271366 A/G 
by allele-specific PCR is characterized by a significant reproduction 
speed (up to 4 hours), high indicators of specificity, sensitivity and 
reproducibility of reaction results (not less than 95%) and can be used 
to assess the increased risk of MS development among certain cohorts 
of the Ukrainian population for early diagnosis of MS, as well as dia-
gnosis of the disease in subclinical types of its course, prediction of 
the effectiveness of MS therapy by genetic markers.  

Isolation of the monocytic fraction of peripheral blood mononuc-
lear cells was performed according to the method (Repnik et al., 
2003), adapted to small blood volumes.  

The relative content of CD80, CD86 and PD-L1 positive peri-
pheral blood monocytes was determined by immunofluorescence 
using PE-labeled monoclonal antibodies against CD14, FITC-labeled 
monoclonal antibodies against CD80, PE-Cy7-labeled monoclonal 
antibodies against CD86 and APC-labeled monoclonal antibodies 
against PD-L1 manufactured by EXBIO Praha, a.s. (Czech Republic).  

The assessment of cytokine content (IFN-γ, IL-1β, IL-12, IL-10) 
in the supernatant of mononuclear macrophages was carried out by 
solid-phase enzyme-linked immunosorbent assay (ELISA) using Ukrai-
nian-certified test systems manufactured by Vector Best-Ukraine (Uk-
raine) using the Stat-Fax 303 enzyme-linked immunosorbent assay.  

The normality of data distribution in groups was checked using 
the Shapiro-Wilk test. To determine the significance of differences 
between indicators in the studied samples, the Mann-Whitney U test 

was used, with a normal distribution, the Pearson test (χ² coefficient) 
(McHugh, 2013), Spearman correlation coefficient (r) (De Winter 
et al., 2016) diagnostic odds ratio (DOR) (Böhning et al., 2010; 
McHugh, 2013).  
 
Results  
 

Based on the obtained statistical data on the presence of the G al-
lele of SNP rs9271366 in MS patients (PMS and RRMS), the work 
shows a positive correlation (r = 0.65; r = 0.75, respectively) between 
this disease-associated G-allele and MS. The values of the Pearson 
test in MS patients (PMS and RRMS) with the presence of the dis-
ease-associated HLA-DR polymorphism have a statistically signifi-
cant difference (219.60; P < 0.0001; 301.73; P < 0.0001) compared to 
the control group of healthy individuals with the AG haplotype, re-
spectively. Furthermore, in RRMS patients with the presence of the 
disease-associated HLA-DR polymorphism (haplotype AG), the 
probability of developing MS increases by 73 times (DOR = 72.87), 
and in PMS patients the probability of developing MS increases by 
208 times (DOR = 207.77), respectively.  

To identify the carriership of the HLA-DRB1*1501-DQB1*0602 
haplotype and the frequency of occurrence among the population of 
the northeastern region of Ukraine in the presence of the single nuc-
leotide polymorphism rs9271366 to determine the risk group for MS, 
342 patients with MS were examined, including 158 patients with 
PMS, 184 with RRMS, respectively, in comparison with the control 
group of 364 healthy individuals.  

To determine the relationship between the HLA-DRB1*1501-
DQB1*0602 haplotype (disease-associated HLA-DR polymor-
phism), (haplotype AG) and MS, the Pearson test, Spearman correla-
tion coefficient (rs) were used, which defines a weak correlation from 
0 to 0.4; moderate correlation from 0.4 to 0.5; a strong association of 
0.6 to 1.00 and a diagnostic odds ratio (DOR).  

Regarding the monitoring of immunological parameters, the stu-
dy determined the relative number of CD80, CD86 and PD-L1-positi-
ve peripheral blood monocytes in patients with MS. Based on the 
assessment of the Shapiro-Wilk W-test for the parameters studied in 
the study, it was determined that the distribution of the sample does 
not correspond to a normal (Gaussian) distribution, since the P < 0.05.  

The relative number of CD80-expressing monocytes in RRMS 
patients carrying the disease-associated HLA-DR polymorphism (hap-
lotype AG) did not differ from those in patients with the AA haplotype 
(P = 0.09) and controls (P = 0.10). In PMS patients with the AG haplo-
type, the study value was increased relative to those in patients with the 
AA haplotype (P < 0.0001; r = 0.91) and controls (P < 0.0001, Fig. 1a).  

The studied parameter in the blood of PMS patients with haplo-
type AA did not differ from the control group (P = 0.05), and did not 
differ from the results obtained in RRMS patients of the correspond-
ding group (P = 0.05). In addition, the relative number of monocytes 
expressing CD80 in PMS patients with haplotype AG increased 1.59-
fold compared with the studied parameters in the corresponding 
group of RRMS patients (P < 0.0001, Fig. 1b).  

In patients with RRMS and PMS with the AG haplotype, the rel-
ative number of CD86 cells in peripheral blood monocytes was sig-
nificantly higher than in patients of these groups homozygous for the 
A allele (P < 0.0001; r = 0.95) and (P < 0.0001; r  = 0.87), respective-
ly. In addition, the level of CD86 expression on peripheral blood mo-
nocytes in patients heterozygous for the disease-associated polymor-
phism with RRMS and PMS was significantly higher than in healthy 
individuals heterozygous for this allele P < 0.0001. However, the 
relative number of monocytes expressing CD86 in patients with 
RRMS and PMS without the disease-associated HLA-DR polymor-
phism did not differ significantly from that in healthy individuals with 
the AA haplotype (P = 0.06), respectively. The relative number of 
monocytes expressing CD86 in PMS patients carrying the disease-
associated HLA-DR polymorphism was increased compared with the 
studied values in the corresponding group of patients with RRMS 
(P < 0.0001). Whereas the studied value in PMS patients with the AA 
haplotype did not differ from the results obtained in RRMS patients 
of the corresponding group (P = 0.06, Fig. 1).  
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a         b  

Fig. 1. Relative number of monocytes (%) expressing co-signaling molecules of patients with MS ; relapsing-remitting multiple  
sclerosis-RRMS-(А) and progressive multiple sclerosis-PMS-(В) depending on SNP rs9271366 (single nucleotide polymorphism –  

minor G-allele), haplotypes (AG & AA), compared to control (а), compared to haplotype АА (b); Me (Q25 %; Q75 %);  
Control (АА) n = 350; Control (АG) n = 14; PMS (АА) n = 17; PMS (АG) n = 141; RRMS (АА) n = 47; RRMS (АG) n = 137  

Similar dynamics were observed in the expression of PD-L1 mo-
lecules in peripheral blood monocytes of MS patients carrying the 
disease-associated HLA-DR polymorphism (Fig. 1a).  

The work showed that in patients with MS (RRMS and PMS) 
and the presence of the disease-associated HLA-DR polymorphism, 
the level of expression of PD-L1 molecules on peripheral blood mo-
nocytes was significantly lower than in patients with RRMS and PMS 
homozygous for the A-allele (P < 0.0001; r = 0.96) and (P < 0.0001; 
r = 0.85), respectively. In addition, the studied indicator in patients 
with the AG haplotype with different MS courses was significantly 
lower compared to the control group (P < 0.0001). The level of PD-
L1 expression on peripheral blood monocytes of patients with PMS, 
carriers of the disease-associated HLA-DR polymorphism, was re-
duced compared to the studied indicators of the corresponding group 
of patients with RRMS (P < 0.0001). Similar dynamics were demon-
strated by the studied indicator in patients with PMS with the AA 
haplotype, which decreased by 1.43 times compared to the results 
obtained in patients with RRMS of the corresponding group (P < 
0.0001, Fig. 1b).  

Based on the results obtained (Fig. 2), in the control group of 
healthy individuals, no significant differences were observed between 
the levels of cytokines IFN-γ, IL-1β, IL-12, IL-10 depending on the 
presence of SNP rs9271366 G (AG & AA). Exactly: P = 0.76, P = 
0.15, P = 0.50, P = 0.13, respectively.  

In our work, the level of cytokines IFN-γ, IL-1β, IL-12, IL-10 
was determined in the supernatant of mononuclear macrophages of 
patients with MS. Thus, in patients with RRMS with the presence of 
the disease-associated polymorphism HLA-DR (haplotype AG), the 
levels of IFN-γ IL-1β and IL-12 were increased. The level of IFN-γ in 
the supernatant of mononuclear macrophages of RRMS patients with 

the presence of the disease-associated HLA-DR polymorphism (hap-
lotype AG) was 1.63 times higher compared to the results obtained in 
patients of this group with the absence of the disease-associated HLA-
DR polymorphism (haplotype AA) (P < 0.0001; r = 0.88) and 
1.59 times higher compared to the control group (P < 0.0001), respec-
tively. At the same time, in RRMS patients with the absence of the 
disease-associated HLA-DR polymorphism (haplotype AA) the stu-
died indicator did not differ from the control group (P = 0.76, Fig. 2a).  

The IL-1β content in the supernatant of mononuclear macropha-
ges of RRMS patients with haplotype AG was increased 2.02-fold 
compared with the corresponding values in patients with haplotype 
AA (P < 0.0001; r = 0.85) and 5.96-fold compared with the studied 
results in the control group (P < 0.0001), respectively. Patients of this 
group with the absence of the disease-associated HLA-DR polymor-
phism (haplotype AA) also had a significant difference (2.83-fold) in 
terms of increased IL-1β levels compared with the control group (P < 
0.0001).  

The IL-12 content in the supernatant of mononuclear macro-
phages of RRMS patients with haplotype AG was 1.47-fold increased 
compared with the corresponding values of patients with haplotype 
AA (P < 0.0001; r = 0.82) and 1.46-fold higher than the studied val-
ues in the control group (P < 0.0001), respectively. RRMS patients 
without the disease-associated HLA-DR polymorphism (haplotype 
AA) did not have a significant difference in IL-12 levels compared 
with the control group (P  =  0.48) (Fig. 2A).  

In PMS patients - carriers of the disease-associated HLA-DR po-
lymorphism, the cytokine profile had significant differences com-
pared to the results of the control group and the indicators obtained in 
PMS patients with the absence of the disease-associated HLA-DR 
polymorphism, with the exception of IL-10 indicators.  

b 

b 

ab 

ab 

b 

b 
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a         b  
Fig. 2. Cytokine levels (pg/mL) determination in the macrophages mononuclear supernatant of patients with MS ; relapsing-remitting multiple 
sclerosis-RRMS-(А) and progressive multiple sclerosis-PMS-(В) depending on SNP rs9271366 (single nucleotide polymorphism-minor allele 

G), haplotypes (AG & AA), compared to control (а), compared to haplotype АА (b); Me (Q25 %; Q75 %); Control (АА) n = 350;  
Control (АG) n = 14; PMS (АА) n = 17; PMS (АG) n = 141; RRMS (АА) n = 47; RRMS (АG) n = 137  

Specifically: the level of IFN-γ in the supernatant of mononuclear 
macrophages of PMS patients with the presence of the disease-
associated HLA-DR polymorphism was 1.55 times higher compared 
to the results obtained in PMS patients with the absence of the dis-
ease-associated polymorphism (P < 0.0001; r = 0.83) and 1.98 times 
higher compared to the indicators of the control group (P < 0.0001), 
respectively. At the same time, in PMS patients with the absence of 
the disease-associated HLA-DR polymorphism, the studied indicator 
was 1.34 times higher in terms of IFN-γ content compared to controls 
(P < 0.0001). The level of IFN-γ in the supernatant of mononuclear 
macrophages of PMS patients with the AG haplotype was increased 
compared to the studied indicators of RRMS patients of the corres-
ponding group (P < 0.0001). The studied indicator in PMS patients 
with the AA haplotype was also increased compared to the obtained 
indicators of RRMS patients with the same haplotype (P < 0.0001, 
Fig. 2b).  

The IL-1β content in the supernatant of mononuclear macro-
phages of PMS patients with the AG haplotype was increased 
2.20 times compared with the corresponding indicators of patients 
with the AA haplotype (P < 0.0001; r = 0.84) and 9.55 times com-
pared with the studied results in the control group (P < 0.0001), re-
spectively. PMS patients with the absence of the disease-associated 
HLA-DR polymorphism also had a significant difference (4.22 times) 
in the increased level of IL-1β compared with the control group (P < 
0.0001). The IL-1β level in the supernatant of mononuclear macro-
phages of PMS patients with the presence of the disease-associated 

HLA-DR polymorphism was increased 1.60 times compared with the 
studied indicators of RRMS patients of the corresponding group (P < 
0.0001). The studied indicator in PMS patients with the AA haplo-
type was also increased by 1.49 times compared with the obtained 
indicators in RRMS patients with the same haplotype (P < 0.0001, 
Fig. 2b).  

The IL-12 content in the supernatant of mononuclear macro-
phages of PMS patients with the AG haplotype was 1.51 times higher 
than the corresponding indicators of patients with the AA haplotype 
(P < 0.0001; r = 0.81) and 2.61 times higher than the studied indica-
tors in the control group (P < 0.0001), respectively. PMS patients with 
the AA haplotype had a significant difference in terms of an in-
creased, 1.70 times, level of IL-12 compared to the control group 
(P < 0.0001).  

The level of IL-12 in the supernatant of mononuclear macropha-
ges of PMS patients with the presence of the disease-associated HLA-
DR polymorphism was increased 1.78 times compared to the studied 
indicators of RRMS patients of the corresponding group (P < 0.0001). 
The studied indicator in PMS patients with the AA haplotype was 
also increased by 1.74 times compared to the obtained indicators in 
RRMS patients with the same haplotype (P < 0.0001, Fig. 2b).  

The IL-10 level in the supernatant of mononuclear macrophages 
of RRMS patients with the disease-associated HLA-DR polymor-
phism (haplotype AG) was increased by 4.38 times compared to con-
trols (P < 0.0001), but decreased by 1.42 times compared to the valu-
es of the study group of patients with haplotype AA (P < 0.0001; r = 
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−0.91). RRMS patients without the disease-associated HLA-DR po-
lymorphism (haplotype AA) also had a significant difference in terms 
of increased, 6.58-fold, IL-10 level compared to controls (P < 0.0001).  

The IL-10 level in the supernatant of mononuclear macrophages 
of PMS patients with the AG haplotype was increased 3.03 times 
compared to the control (P < 0.0001), but did not differ from the indi-
cators of the studied group of patients with the AA haplotype (P = 
0.23; r = 0.12). PMS patients with the AA haplotype also had a signif-
icant difference in terms of an increased, 2.90 times, level of IL-10 
compared to the control group (P < 0.0001). The IL-10 level in the 
supernatant of mononuclear macrophages of PMS patients with the 
presence of the disease-associated HLA-DR polymorphism was re-
duced 1.49 times compared to the studied indicators of RRMS pa-
tients of the corresponding group (P < 0.0001). The studied indicator 
in PMS patients with haplotype AA was also reduced by 2.27 times 
compared to the obtained indicators in RRMS patients with the same 
haplotype (P < 0.0001).  

Therefore, based on the obtained results, the indicators of the an-
tigen-stimulating function of the costimulatory molecules CD80, 
CD86 and PD-L1 expressed on peripheral blood monocytes and the 
level of monocyte secretion of cytokines IFN-γ, IL-1β, IL-12, IL-10 
in patients with MS are mediated by the influence of a hereditary 
factor, the presence of a disease-associated HLA-DR polymorphism.  
 
Discussion  
 

It is known that susceptibility to multiple sclerosis (MS) is consis-
tently associated with the genotype of the human leukocyte antigen 
HLA-DRB501-DRB1*1501, but the impact on disease severity and 
clinical outcome varies in different populations (De Silvestri et al., 
2019; Delfan et al., 2021; Prapas & Anagnostouli, 2024). Thus, in 
countries in Eastern Europe, a pronounced association of this disease 
with the presence of the HLA-DRB1*1501-DQB1*0602 haplotype 
in patients, one of the specific markers (tag SNP), has been found. 
The tag SNP is a representative single nucleotide polymorphism in a 
region of the genome with high linkage disequilibrium (Zivadinov 
et al., 2007).  

It is possible to identify genetic variability and association with 
phenotypes of each SNP in a chromosomal region, which is the G 
allele of SNP rs9271366, located on chromosome 6p21.3 at the HLA 
locus with localization 32619080 (Al Jumah et al., 2018; De Silvestri 
et al., 2019). SNP rs9271366 is characterized by the presence of two 
alleles A and G. Detection of HLA-DRB1*1501 by typing SNP 
rs9271366 has a high level of sensitivity and specificity (Zivadinov 
et al., 2007). According to the literature (Wu et al., 2010), studies of 
the correlation of the HLA-DRB5*01-DRB1*1501 genotype and 
phenotype in a large cohort of MS patients in Western Australia show 
that in this population, which is mainly of Anglo-Celtic and Northern 
European origin, it is relevant from the point of view of population 
genetics to study the molecular genetic component of the disease. 
HLA-DRB5*01-DRB1*1501 is not only a strong factor determining 
the risk of the disease, but also can. be associated with the severity of 
the disease. This was also the basis for the identification of this haplo-
type in Ukraine.  

Based on the developed methodology, by typing SNP rs9271366, 
we identified the carrier of this disease-associated HLA-DR polymer-
phism (G allele) among the population of the northeastern region of 
Ukraine with MS, which was determined in patients with PMS and 
RRMS who were heterozygous for the G-allele of SNP rs9271366, 
which indicates the presence of a powerful genetic risk factor for the 
development of MS. Most often, the minor allele was determined 
among patients with a progressive form of multiple sclerosis (89.2% 
vs 10.8%, P < 0.05), which is 23.5 times more often than in healthy 
individuals. Among patients with a relapsing-remitting form of the 
disease, the G-allele was determined in 74.5% vs 25.5%, P < 0.05.  

High levels of HLA class II gene expression may directly influ-
ence the concentration of MHC-antigen peptide complexes and the 
expression of antigen-presenting molecules CD80, CD86 and PD-L1 
on monocytes in patients with MS through the interaction of genetic, 
molecular and cellular processes that regulate the function of these 

cells (Prapas & Anagnostouli, 2024). Specifically, increased expres-
sion and presentation of HLA class II antigens (in particular, HLA-
DRB1*1501) encodes major histocompatibility complex class II 
molecules that present antigenic peptides (MHC-II-antigen peptide) 
on the surface of monocytes to CD4⁺ T - cells, enhancing their acti-
vation through the TCR (T-cell receptor), which triggers an immune 
response. The presence of HLA-DRB1*1501 alleles enhances the 
presentation of self-antigens and alters the expression of co-signaling 
molecules CD80, CD86 and PD-L1 on monocytes. These changes 
contribute to T-cell hyperactivation and chronic inflammation, which 
plays a key role in the pathogenesis of MS (Prapas & Anagnostouli, 
2024). The co-signaling molecules CD80, CD86 and PD-L1 are key 
regulators of the immune response, ensuring efficient activation or 
inhibition of T-cells by interacting with their receptors. In the context 
of MS, these molecules play an important role in maintaining or 
breaking immune tolerance. CD80 and CD86 molecules are expres-
sed on the surface of antigen-presenting cells (APCs), such as mono-
cytes, dendritic cells and macrophages, and are involved in T-cell 
activation. Monocytes, macrophages and microglia express a variety 
of signaling molecules and receptors specific for innate immunity. 
The expression of CD80 and CD86 is induced by pro-inflammatory 
cytokines, such as IFN-γ and TNF-α. Numerous studies on APC have 
shown that the expression of co-signaling molecules is a link between 
innate and adaptive immunity (Chastain et al., 2011; Wagner et al., 
2015; Sospedra & Martin, 2016; Ogawa et al., 2019). In the normal 
state of the CNS, microglia cells are characterized by a branched 
morphology and constantly “scan” brain tissue for minor damage. 
During damage, inflammation, and infectious processes in the CNS, 
activated microglia, through the expression of co-signaling molecules 
CD80, CD86, and many others, are responsible for the elimination of 
cell debris and pathogens mediated by cytokines, which can also be 
correlated with the processing and presentation of antigen to T-cells 
infiltrating the CNS. Acting as direct orthologs of microglia, peri-
pheral blood monocytes represent a valuable model system for study-
ing the role of microglia in neurodegeneration. In addition, monocytes 
are among the most sensitive cells of the immune system, capable of 
responding to even minor pathological processes in the body at the 
earliest stages. All this makes them a unique and promising object for 
determining biomarkers of the course of MS (Koliada et al., 2020).  

In our work, it was shown that increased expression of CD80+ on 
peripheral blood monocytic cells was detected only in patients with 
PMS with the presence of the disease-associated HLA-DR polymor-
phism (haplotype AG). Similar dynamics regarding the expression of 
these molecules in patients with PMS were observed in the works of 
Wiesemann et al. (2008). In patients with both progressive types of 
the disease and in patients with relapsing-remitting multiple sclerosis, 
the relative number of CD86+ cells was significantly higher in pa-
tients with the presence of the AG haplotype, which may indicate a 
probable dependence on the presence of the G-allele. This may be 
due to excessive activation of T-helper cells (in particular, Th1 and 
Th17), which produce pro-inflammatory cytokines (IFN-γ, IL-17), 
contributing to inflammation and demyelination in MS in patients 
with the presence of specific HLA-II class alleles, in particular HLA-
DRB1*1501 (Hollenbach & Oksenberg, 2015; Wagner et al., 2015; 
Zadeh et al., 2017). The expression of CD80 and CD86 on blood mo-
nocytes in MS patients is determined by the influence of pro-inflam-
matory cytokines, genetic predisposition, activation of Toll-like recep-
tors and impaired regulatory mechanisms. This leads to chronic in-
flammation and activation of autoaggressive immune cells, which un-
derlies the development and progression of MS (Koliada et al., 2022).  

In patients with a different course of MS, carriers of disease-
associated HLA-DR polymorphism, expression of co-signal CD86 on 
peripheral blood monocytes was higher than the studied indicators of 
MS patients homozygous for the A-allele. In addition, the relative 
number of monocytes expressing CD86 in patients with PMS and 
RRMS with the absence of disease-associated HLA-DR polymor-
phism (haplotype AA) did not differ from the indicators of healthy 
individuals with haplotype AA. The results obtained in our work 
indicate a correlation between the presence of the G-allele and in-
creased expression of HLA-II class molecules on the surface of mo-



7 
Regulatory Mechanisms in Biosystems, 2025, 16(2), e25085 

nocytes and, accordingly, co-signal CD80 and CD86, which activate 
T-cells in patients with MS, carriers of disease-associated polymor-
phism. Studies (Wagner et al., 2015; Zadeh et al., 2017) indicate that 
increased expression of CD80/CD86 enhances the activation of au-
toaggressive T-cells (especially Th1 and Th17), contributing to in-
flammation and demyelination in MS in patients with the presence of 
specific HLA-II class alleles, in particular HLA-DRB1*1501. The 
expression of CD80 and CD86 on blood monocytes in MS patients is 
determined by the influence of proinflammatory cytokines, genetic 
predisposition, activation of Toll-like receptors and disruption of re-
gulatory mechanisms. This leads to chronic inflammation and activa-
tion of autoaggressive immune cells, which underlies the development 
and progression of MS (Wagner et al., 2015; Zadeh et al., 2017).  

Increasing evidence (Li et al., 2021; Sadeghnejad et al., 2024) 
suggests that Programmed Death-Ligand 1 (PD-L1) as an inhibitor of 
T-cell activation is involved in the pathogenesis of autoimmune disea-
ses, including MS. PD-L1 is predominantly expressed on activated T-
cells, B-cells, dendritic cells (DCs), macrophages, mesenchymal stem 
cells, and cultured mast cells of bone marrow origin. PD-1 expression 
and its binding affinity to ligands regulate the threshold for induction 
and maintenance of T-cell tolerance, as well as immune cell activa-
tion and cytokine secretion (Francisco et al., 2010; Sambucci et al., 
2018). It is known that the programmed cell death inhibitory receptor 
(PD-1) and its programmed cell death ligand (PD-L1) are negative 
regulators of immune responses that maintain immune tolerance by 
regulating the expansion, differentiation, and activation of immune 
cells (Francisco et al., 2010; Sambucci et al., 2018). PD-1 and its 
ligands (PD-L1 and PD-L2) – transmembrane proteins that have dif-
ferent expression patterns and differ in their affinity - play an impor-
tant role in the regulation of immune homeostasis and in the mainten-
ance of peripheral tolerance through secondary co-signaling in acti-
vated monocytes. PD-1 and its ligands protect against potentially 
pathogenic autoreactive effector T-cells by simultaneously influen-
cing two mechanisms of peripheral tolerance: by stimulating the de-
velopment and function of Regulatory T cells (Tregs) and by directly 
inhibiting potentially pathogenic autoreactive T-cells in the periphery, 
maintaining a threshold for T-cell activation high enough to protect 
against autoimmune processes (Sambucci et al., 2018; Sun et al., 
2019; Sadeghnejad et al., 2024).  

Our work showed that in patients with a different course of MS, 
carriers of disease-associated polymorphism, the level of expression 
of PD-L1 molecules on peripheral blood monocytes was lower than 
in patients homozygous for the A-allele, respectively. In addition, the 
level of expression of PD-L1 molecules on blood monocytes of pa-
tients with PMS and RRMS with haplotype AG was reduced com-
pared to the control group. This may indicate a significant activation 
of autoimmune processes and dysregulation of apoptosis mechan-
isms, which may be mediated by a hereditary factor in the presence of 
disease-associated HLA-DR polymorphism. And at the same time, 
the expression of PD-L1 molecules on blood monocytes of patients 
with progressive type of MS with haplotype AA is reduced compared 
to the control group, while the corresponding studied indicator in the 
blood of patients with RRMS does not differ from the control, which 
may indicate an indirect effect of the disease-associated HLA-DR 
polymorphism on the activation of autoimmune processes. Obvious-
ly, a decrease in the level of PD-L1 expression in patients with MS 
may occur due to peripheral tolerance of T-cells, which may be asso-
ciated with the influence of the disease-associated HLA-DR poly-
morphism, as evidenced by the correlation dependence of the reduced 
level of expression of PD-L1 molecules on monocytes of patients 
with haplotype AG, but this requires additional studies.  

MS is promoted by genetic factors that result in abnormalities in 
peripheral immune cells migrating to the CNS, which then leads to an 
autoimmune response directed against the oligodendroglia-derived 
myelin sheath (OLG) of nerve fibers. Oligodendrocyte progenitor 
cells (OPCs) in the adult CNS are recruited into MS cells and are 
thought to promote remyelination during remission, although this 
ability is impaired as the disease progresses (Dobson & Giovannoni, 
2019; Meijer et al., 2021; Kimoff et al., 2022). While APCs provide 
T-cells with their cognate antigen and create a specific cytokine envi-

ronment, T-cells use cytokines to maintain their function and polari-
zation in an autocrine manner and regulate immune responses across 
cell types. This process ultimately results in specific cytokine signa-
tures associated with specific T-cell subsets that disrupt the integrity 
of the blood-brain barrier, leading to inflammation, demyelination and 
neuronal damage. In MS, cytokines exhibit redundancy in their activi-
ty, with the result that identical functions can be elicited by different 
cytokines when they are released in a cascade and one cytokine in-
duces target cells to produce other cytokines (Hollenbach & Oksen-
berg, 2015; Kallaur et al., 2017; Göbel et al., 2018).  

The study of the relationship between the state of cytokineogene-
sis and MS activity is one of the current areas of research into the 
functional state of peripheral blood mononuclear phagocytes in pa-
tients with MS. Thus, in our work, based on the determination of the 
level of cytokines IFN-γ, IL-1β, IL-12, IL-10 in the supernatant of 
mononuclear macrophages of patients with different courses of MS, a 
cytokine pro-inflammatory imbalance was detected in patients with 
MS, mainly carriers of the disease-associated HLA-DR polymorphism 
(haplotype AG), mediated by the presence of the disease-associated G-
allele (Fig. 2), which affects the course, nature of exacerbations, pro-
gression and clinical manifestations. RRMS is the most common 
form of MS, which occurs in 85-90% of patients in the early stages of 
the disease (Dobson & Giovannoni, 2019; Kimoff et al., 2022).  

Our data indicate that the cytokine profile of RRMS patients with 
the disease-associated G-allele (haplotype AG) was increased for 
IFN-γ IL-1β and IL-12 levels. Thus, the level of IFN-γ in the superna-
tant of mononuclear macrophages of RRMS patients with haplotype 
AG was 1.63 times higher compared to the results obtained in patients 
of this group with haplotype AA. The studied indicator was also 
1.59 times higher compared to the indicators of the control group. 
And at the same time, in PMS patients with haplotype AA the studied 
indicator did not differ from the indicators of the control group, which 
indicates an indirect effect of the hereditary factor, the disease-asso-
ciated HLA-DR polymorphism on the course of MS in patients of the 
studied group.  

In PMS patients carrying the disease-associated HLA-DR poly-
morphism (haplotype AG), the cytokine profile showed an imbalance 
towards an increase in the level of pro-inflammatory cytokines based 
on significant differences compared to the results of the control group 
and the indicators obtained in PMS patients with haplotype AA, with 
the exception of IL-10 indicators. Precisely: the level of IFN-γ in the 
supernatant of mononuclear macrophages of PMS patients with hap-
lotype AG was higher compared to the results obtained in PMS pa-
tients with haplotype AA. The content of IFN-γ in the supernatant of 
mononuclear macrophages of PMS patients with haplotype AG was 
also increased compared to the indicators of the control group. In PMS 
patients with haplotype AA, the studied indicator was increased in 
terms of IFN-γ content compared to controls, which is consistent with 
the results obtained in the works of Tupotilov & Kolyada (2018) and 
Vdovichenko et al. (2020) regarding increased IFN-γ content in pa-
tients with PMS. In addition, increased IFN-γ content in patients with 
PRS is positively correlated with the presence of the disease-associa-
ted HLA-DR polymorphism (haplotype AG).  

It is known that  IFN-γ plays a dual role in the immunopathoge-
nesis of MS, precisely: IFN-γ has a pro-inflammatory effect on the 
activation of microglia and macrophages and is able to enhance the 
expression of CD80/CD86 on monocytes, suppressing the activation 
of T-cells, and enhances the activation of microglia, which produces 
toxic molecules, including reactive oxygen and nitrogen species (Sun 
et al., 2019; Sadeghnejad et al., 2024). This increases myelin damage, 
leading to neuroinflammation and progressive neurological deficits 
characteristic of MS (Meijer et al., 2021). On the other hand, IFN-γ 
stimulates the expression of MHC-II molecules on antigen-presenting 
cells, such as microglia and macrophages, which enhances the presen-
tation of self-antigens to T lymphocytes and supports the autoimmune 
response (Kimoff et al., 2022). IFN-γ also increases the permeability 
of the blood-brain barrier (BBB), allowing immune cells to enter the 
CNS, where they cause inflammation and demyelination. IFN-γ can 
also affect T-cell differentiation and activation, promoting the polari-
zation of T-helper cells into Th1-cells, which play a central role in 



8 
Regulatory Mechanisms in Biosystems, 2025, 16(2), e25085 

autoimmune inflammation. At the same time, Th1- cells secrete IFN-
γ, creating a positive cycle of inflammation in MS (Hollenbach & 
Oksenberg, 2015; Li et al., 2021; Kimoff et al., 2022). IFN-γ also 
stimulates the production of pro-inflammatory cytokines, such as IL-
1β, TNF-α, and IL-6, which increase inflammation and tissue damage 
in the CNS in MS (Dendrou et al., 2015; Meijer et al., 2021).  

IL-1 has been shown to expand encephalitogenic GM-CSF pro-
ducers, as demonstrated by the excess of various cytokines in animal 
experiments. Increased GM-CSF production has been found in MS 
patients, which is reduced as a result of immunotherapy with specific 
monoclonal antibodies (Göbel et al., 2018). IL-1β promotes the re-
cruitment of immune cells to the site of inflammation, which increas-
es CNS tissue damage due to a negative effect on oligodendrocytes. 
Monocytes, dendritic cells, microglia, as well as B cells and natural 
killer (NK) cells are able to synthesize IL1β. IL-1β supports the diffe-
rentiation of T- helper cells of the 17-th type (Th17), which play a 
central role in the autoimmune processes in MS. Th17 cells increase 
inflammation and cause damage to nervous tissue. (Göbel et al., 
2018; Meijer et al., 2021).  

The results of our study showed that the content of IL-1β in the 
supernatant of mononuclear macrophages of RRMS patients with 
haplotype AG was increased by 2.02 times compared with the corres-
ponding indicators of patients with haplotype AA and by 5.96 times 
compared with the studied results in the control group, respectively, 
which indicates a positive correlation with the presence of the disease-
associated HLA-DR polymorphism in patients of the study group. 
Patients of this group with haplotype AA also had an increased, by 
2.83 times, level of IL-1β compared with the control group.  

The content of IL-1β in the supernatant of mononuclear macro-
phages of PMS patients with haplotype AG was increased compared 
to the corresponding indicators of patients with haplotype AA and 
compared to the studied results in the control group. At the same time, 
the increased content of IL-1β in PMS patients was positively corre-
lated with the presence of a disease-associated polymorphism in pa-
tients of this group. PMS patients with haplotype AA also had an 
increased level of IL-1β content compared to the control group, which 
indicates a pronounced uncompensated proinflammatory activation, 
especially taking into account the indicators of IL-10 in this group. 
It is known that in MS patients, elevated levels of IL-1β are often 
observed even in cerebrospinal fluid and peripheral blood, especially 
during exacerbations (Kallaur et al., 2017). Studies have shown an 
association of IL-1β with disease severity, where higher levels of IL-
1β were associated with more pronounced inflammatory processes 
and a greater number of lesions in the brain (according to MRI data), 
although direct studies that would establish a correlation between IL-
1β levels and MS severity are limited, the available literature data 
indicate an important role of this cytokine in the development and 
progression of the disease (Mendiola & Cardona, 2018; Tupotilov & 
Kolyada, 2018; Brown et al., 2019; Vdovichenko et al., 2020).  

It is known that IL-12 is able to potentiate the secretion of IFN-γ, 
increasing the penetration of immune cells through the blood brain 
barrier (BBB) and enhancing inflammation in the CNS by stimulating 
the activity of microglia and macrophages (Göbel et al., 2018; Meijer 
et al., 2021). The results of our work showed that the content of IL-12 
in the supernatant of mononuclear macrophages of RRMS patients 
with haplotype AG was 1.47 times higher compared to the corres-
ponding indicators of patients with haplotype AA and 1.46 times 
higher than the studied indicators in the control group, respectively, 
which indicates the influence of the disease-associated HLA-DR 
polymorphism in patients of this group on the increased level of IL-
12. At the same time, in RRMS patients with haplotype AA, the stu-
died indicator of the level of IL-12 did not differ from the results 
obtained in the control group. Thus, the obtained results confirm the 
literature data that IL-12 is a key regulator in the development of 
autoimmune diseases, which is emphasized by the data that its in-
creased levels were found in the cerebrospinal fluid and lesions of 
patients with MS (Göbel et al., 2018).  

In PMS patients heterozygous for the G-allele, the level of IL-12 
in the supernatant of mononuclear macrophages was increased com-
pared to the corresponding indicators in patients with haplotype AA 

and the studied indicators in the control group. In PMS patients with 
haplotype AA, the level of IL-12 was increased compared to the con-
trol group. Such a cytokine pro-inflammatory imbalance in PMS 
patients is more pronounced in patients of this group with the pres-
ence of the disease-associated HLA-DR polymorphism (haplotype 
AG), which indicates a decrease in the reserve capabilities of the 
regulatory link of humoral immunity in PMS patients (Tupotilov & 
Kolyada, 2018; Koliada et al., 2020; Vdovichenko et al., 2020).  

According to the results of the analysis of literature data, it is 
known that IL-10 is a potent anti-inflammatory cytokine, the action of 
which is aimed at reducing the release of IL-1β, IL-12, Th1 and Th2 
proliferation, antigen-presenting activity of monocytes and macropha-
ges, and also has neuroprotective properties (Göbel et al., 2018). 
In addition, it is known that IL-10 production increases in MS patients 
during remission (Göbel et al., 2018; Meijer et al., 2021). The results 
of our work showed that the level of IL-10 in the supernatant of mo-
nonuclear macrophages of RRMS patients with the AG haplotype 
was increased by 4.38 times compared to the control, but decreased 
by 1.42 times compared to the indicators of the study group of pati-
ents with the AA haplotype. In addition, such patients also had an in-
creased, 6.58-fold, level of IL-10 compared to the control group, 
which indicates a compensatory effect of IL-10 on the pro-inflamma-
tory imbalance. In patients with the presence of a disease-associated 
polymorphism, the effect of IL-10 on the compensation of the pro-
inflammatory imbalance in patients with RRMS is manifested to a 
lesser extent. A decrease in the level of IL-10 in patients with RRMS 
correlated with the presence of a disease-associated HLA-DR poly-
morphism in patients in this group.  

In PMS patients with haplotype AG, it was increased compared 
to controls, but did not differ from the indicators of the study group of 
patients with haplotype AA. In PMS patients with haplotype AA, the 
level of IL-10 was increased compared to the control group, which 
indicates an imbalance between pro- and anti-inflammatory cytoki-
nes. Such an imbalance can lead to excessive inflammation, myelin 
damage and progressive neurological deficits in patients with PMS. 
According to the literature (Li et al., 2021; Kimoff et al., 2022), it is 
known that IL-10 is able to reduce the expression of MHC-II molecules 
on APCs and, accordingly, the expression of CD80/CD86 on mono-
cytes, dendritic cells, macrophages, limiting the activation of autoim-
mune T-cells and supporting the differentiation of T-regulatory cells 
(Treg), which suppress the activity of inflammatory Th1 and Th17 
cells responsible for demyelination. Whereas, IL-12, on the contrary, 
is able to increase inflammation, activate Th1 cells and promote mye-
lin destruction (Chastain et al., 2011; Sadeghnejad et al., 2024).  

Thus, the pro-inflammatory cytokines IFN-γ, IL-12, IL-1β and the 
anti-inflammatory IL-10 play a key role in the pathogenesis of MS, 
participating in the activation of inflammation, myelin damage and 
the enhancement of the immune response (Dendrou et al., 2015; Gö-
bel et al., 2018). The immunopathogenesis of multiple sclerosis (MS) 
involves the activation and imbalance of components of innate and 
adaptive immunity. The co-signaling molecules CD80, CD86 and 
PD-L1, expressed on monocytes and other antigen-presenting cells 
(APCs), mediated by the influence of a hereditary factor, the presence 
of a disease-associated HLA-DR polymorphism, play a key role in 
the regulation of the immune response (Wagner et al., 2015; De Sil-
vestri et al., 2019). Their interaction with receptors on T lymphocytes 
determines the direction of the immune response, as well as the level 
of cytokine production, which is critical for the development and 
progression of MS. Studying these mechanisms opens up the possibil-
ity of developing new targeted therapies that could effectively sup-
press inflammation and slow disease progression.  
 
Conclusions  
 

A method for identifying the risk group for the development of 
multiple sclerosis is proposed by determining the SNP rs9271366 
(AG) of the HLA-DRB1*1501-DQB1*0602 haplotype in the studied 
groups of individuals using allele-specific PCR using an exclusive 
primer system and determining the presence of the SNP rs9271366 
minor G-allele by allele-specific PCR. The study results show a posi-
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tive correlation between this disease-associated allele G and the de-
velopment of the disease in patients with progressive and relapsing-
remitting forms of multiple sclerosis (r = 0.65; r = 0.75, respectively).  

The presence of the minor disease-associated haplotype HLA-
DRB1*1501-DQB1*0602 among the population of the North-Eas-
tern region of Ukraine was most often determined among patients 
with progressive multiple sclerosis (89.2% vs 10.8%, P < 0.05). 
Among patients with relapsing-remitting form of the disease, the G-
allele was determined in 74.5% vs 25.5%, P < 0.05.  

As a result of the study, it was determined that the expression of 
antigen-presenting molecules CD80, CD86 and PD-L1 on peripheral 
blood monocytes depends on the carriership of the disease-associated 
HLA-DR polymorphism. An increased level of CD86 expression was 
demonstrated by patients carrying the disease-associated allele with 
both progressive and relapsing-remitting forms of multiple sclerosis. 
The level of CD80 expression was significantly increased only in pa-
tients with a progressive form of multiple sclerosis, carriers of the AG 
haplotype. The level of expression of PD-L1 molecules on peripheral 
blood monocytes in patients with the presence of the disease-associa-
ted HLA-DR polymorphism was lower than the indicators in both pa-
tients homozygous for the A allele and in comparison with the indica-
tors of the control group, which indicates the depletion of producer 
cells due to prolonged antigenic stimulation mediated by this heredita-
ry factor.  

Our study shows that the level of cytokines IFN-γ, IL-1β, IL-12 
in the supernatant of mononuclear macrophages of patients with a 
progressive form of multiple sclerosis with haplotype AG demon-
strates pro-inflammatory activation of the cytokine profile, and the 
cytokine profile of patients with a relapsing-remitting form of mul-
tiple sclerosis with a disease-associated HLA-DR polymorphism 
(haplotype AG) indicates the influence of the genetic hereditary factor 
of the disease-associated HLA-DR polymorphism on the level of 
cytokine expression. The level of IL-10 in the supernatant of mono-
nuclear macrophages of patients with a relapsing-remitting form of 
multiple sclerosis with haplotype AG indicates a less pronounced 
effect of this interleukin on the compensation of the pro-inflammatory 
imbalance in patients with a relapsing-remitting form of multiple 
sclerosis with the presence of a disease-associated HLA-DR poly-
morphism.  

Studies of the features of antigen-presenting and regulatory cyto-
kine-synthesizing functions of peripheral blood mononuclear phago-
cytes of patients with multiple sclerosis with the presence of the dis-
ease-associated HLA-DR polymorphism by determining the SNP 
rs9271366 (AG) haplotype can be used to monitor groups at risk of 
developing the disease.  

 

This research did not receive any specific grant from funding agencies in the 
public, commercial, or non-profit sectors.  

The authors declare that they have no known competing financial interests or 
personal relationships that could influence the work reported in this article.  

 
References  
 
Al Jumah, M., Kojan, S., Al Shehri, A. M., Al Balwi, M., Al Abdulkarim, I., 

Masuadi, E. M., Alhaidan, Y., Alabdulrahman, A., Fakhoury, H. M., & 
Hajeer, A. H. (2018). HLA class II polymorphism in Saudi patients with 
multiple sclerosis. HLA, 91(1), 17–22.  

Axisa, P. P., & Hafler, D. A. (2016). Multiple sclerosis: Genetics, biomarkers, 
treatments. Current Opinion in Neurology, 29(3), 345–353.  

Böhning, D., Holling, H., & Patilea, V. (2011). A limitation of the diagnostic-
odds ratio in determining an optimal cut-off value for a continuous diag-
nostic test. Statistical Methods in Medical Research, 20(5), 541–550.  

Brown, J. W. L., Coles, A., Horakova, D., & Havrdova, E. (2019). Association 
of initial disease-modifying therapy with later conversion to secondary 
progressive multiple sclerosis. Journal of the American Medical Associati-
on, 321(2), 175–187.  

Chastain, E. M., Duncan, D. S., Rodgers, J. M., & Miller, S. D. (2011). The ro-
le of antigen presenting cells in multiple sclerosis. Biochimica et Biophysi-
ca Acta – Molecular Basis of Disease, 1812(2), 265–274.  

De Silvestri, A., Capittini, C., Mallucci, G., Bergamaschi, R., Rebuffi, C., Pasi, 
A., Martinetti, M., & Tinelli, C. (2019). The involvement of HLA class II 

alleles in multiple sclerosis: A systematic review with meta-analysis. Dise-
ase Markers, 2019, 1409069.  

De Winter, J. C. F., Gosling, S. D., & Potter, J. (2016). Comparing the Pearson 
and Spearman correlation coefficients across distributions and sample si-
zes: A tutorial using simulations and empirical data. Psychological Me-
thods, 21(3), 273–290.  

Delfan, N., Galehdari, H., Ghanbari, M. F., Zabihi, R., Latifi, P. T., Seifi, T., & 
Majdinasab, N. (2021). Association of HLA-DR2-related haplotype 
(HLA-DRB501-DRB11501-DQB10602) in patients with multiple sclero-
sis in Khuzestan Province. Iranian Journal of Child Neurology, 15(3), 35–46.  

Dendrou, C. A., Fugger, L., & Friese, M. A. (2015). Immunopathology of mul-
tiple sclerosis. Nature Reviews Immunology, 15(9), 545–558.  

Dobson, R., & Giovannoni, G. (2019). Multiple sclerosis – A review. European 
Journal of Neurology, 26(1), 27–40.  

Francisco, L. M., Sage, P. T., & Sharpe, A. H. (2010). The PD-1 pathway in to-
lerance and autoimmunity. Immunological Reviews, 236(1), 219–242.  

Göbel, K., Ruck, T., & Meuth, S. G. (2018). Cytokine signaling in multiple 
sclerosis: Lost in translation. Multiple Sclerosis Journal, 24(4), 432–439.  

Hollenbach, J. A., & Oksenberg, J. R. (2015). The immunogenetics of multiple 
sclerosis: A comprehensive review. Journal of Autoimmunity, 64, 13–25.  

Javan, M. R., Aslani, S., Zamani, M. R., Rostamnejad, J., Asadi, M., Farhoodi, 
M., & Nicknam, M. H. (2016). Downregulation of immunosuppressive 
molecules, PD-1 and PD-L1 but not PD-L2, in the patients with multiple 
sclerosis. Iranian Journal of Allergy, Asthma and Immunology, 15(4), 
296–302.  

Kallaur, A. P., Oliveira, S. R., Colado Simão, A. N., Alfieri, D. F., Flauzino, T., 
Lopes, J., Pereira, W. L. C. J. P., Proença, C. M., Borelli, S. D., Kaimen-
Maciel, D. R., Maes, M., & Reiche, E. M. V. (2017). Cytokine profile in 
patients with progressive multiple sclerosis and its association with disease 
progression and disability. Molecular Neurobiology, 54(4), 2950–2960.  

Katsavos, S., & Anagnostouli, M. (2013). Biomarkers in multiple sclerosis: An 
up-to-date overview. Multiple Sclerosis International, 2013, 340508.  

Kimoff, R. J., Kaminska, M., & Trojan, D. (2022). Multiple sclerosis and rela-
ted disorders. Handbook of Clinical Neurology, 189, 177–200.  

Koliada, O. M., Vdovichenko, N. I., Koliada, T. I., & Tupotilov, O. V. (2022). 
Modulating effect of HERV-W ENV on peripheral blood monocytes in 
patients with different types of multiple sclerosis. Pathologia, 19(1), 32–39.  

Koliada, O. M., Vdovichenko, N. I., Kolyada, T. I., & Bilozorov, O. P. (2020). 
Functional and metabolic characteristics of peripheral blood mononuclear 
phagocytes in patients with different clinical courses of multiple sclerosis. 
Regulatory Mechanisms in Biosystems, 11(4), 494–500.  

Li, H., Zheng, C., Han, J., Zhu, J., Liu, S., & Jin, T. (2021). PD-1/PD-L1 axis as 
a potential therapeutic target for multiple sclerosis: A T cell perspective. 
Frontiers in Cellular Neuroscience, 15, 716747.  

Lin, C. C., & Edelson, B. T. (2017). New insights into the role of IL-1β in ex-
perimental autoimmune encephalomyelitis and multiple sclerosis. The Jo-
urnal of Immunology, 198(12), 4553–4560.  

Liu, J., Huang, S., Sun, M., Liu, S., Liu, Y., Wang, W., Zhang, X., Wang, H., & 
Hua, W. (2012). An improved allele-specific PCR primer design method 
for SNP marker analysis and its application. Plant Methods, 8(1), 34.  

McHugh, M. L. (2013). The chi-square test of independence. Biochemia Medi-
ca, 23(2), 143–149.  

Meijer, M., Agirre, E., Kabbe, M., van Tuijn, C. A., Heskol, A., Zheng, C., Fal-
cão, A. M., Bartosovic, M., Kirby, L., Calini, D., Johnson, M. R., Corces, 
M. R., Montine, T. J., Chen, X., Chang, H. Y., Malhotra, D., & Castelo-
Branco, G. (2022). Epigenomic priming of immune genes implicates oligo-
dendroglia in multiple sclerosis susceptibility. Neuron, 110(7), 1193–1210.  

Mendiola, A. S., & Cardona, A. E. (2018). The IL-1β phenomena in neuroin-
flammatory diseases. Journal of Neural Transmission, 125(5), 781–795.  

Mohammadi, N., Adib, M., Alsahebfosoul, F., Kazemi, M., & Etemadifar, M. 
(2016). Corrigendum to “An investigation into the association between 
HLA-G 14bp insertion/deletion polymorphism and multiple sclerosis sus-
ceptibility”. Journal of Neuroimmunology, 295, 164.  

Ogawa, K., Okuno, T., Hosomichi, K., Hosokawa, A., Hirata, J., Suzuki, K., 
Sakaue, S., Kinoshita, M., Asano, Y., Miyamoto, K., Inoue, I., Kusunoki, 
S., Okada, Y., & Mochizuki, H. (2019). Next-generation sequencing iden-
tifies contribution of both class I and II HLA genes on susceptibility of 
multiple sclerosis in Japanese. Journal of Neuroinflammation, 16(1), 162.  

Prapas, P., & Anagnostouli, M. (2024). Macrophages and HLA-class II alleles 
in multiple sclerosis: Insights in therapeutic dynamics. International Jour-
nal of Molecular Sciences, 25(13), 7354.  

Repnik, U., Knezevic, M., & Jeras, M. (2003). Simple and cost-effective isola-
tion of monocytes from buffy coats. Journal of Immunological Methods, 
278(1–2), 283–292.  

Sadeghnejad, A., Pazoki, A., Yazdanpanah, E., Esmaeili, S. A., Yousefi, B., 
Sadighi-Moghaddam, B., Baharlou, R., & Haghmorad, D. (2024). Explo-
ring the role of mesenchymal stem cells in modulating immune responses 
via Treg and Th2 cell activation: Insights from mouse model of multiple 

http://doi.org/10.1111/tan.13173
http://doi.org/10.1111/tan.13173
http://doi.org/10.1111/tan.13173
http://doi.org/10.1111/tan.13173
http://doi.org/10.1097/WCO.0000000000000319
http://doi.org/10.1097/WCO.0000000000000319
http://doi.org/10.1177/0962280210374532
http://doi.org/10.1177/0962280210374532
http://doi.org/10.1177/0962280210374532
http://doi.org/10.1001/jama.2018.20588
http://doi.org/10.1001/jama.2018.20588
http://doi.org/10.1001/jama.2018.20588
http://doi.org/10.1001/jama.2018.20588
http://doi.org/10.1016/j.bbadis.2010.07.008
http://doi.org/10.1016/j.bbadis.2010.07.008
http://doi.org/10.1016/j.bbadis.2010.07.008
http://doi.org/10.1155/2019/1409069
http://doi.org/10.1155/2019/1409069
http://doi.org/10.1155/2019/1409069
http://doi.org/10.1155/2019/1409069
http://doi.org/10.1037/met0000079
http://doi.org/10.1037/met0000079
http://doi.org/10.1037/met0000079
http://doi.org/10.1037/met0000079
http://doi.org/10.22037/ijcn.v14i4.18795
http://doi.org/10.22037/ijcn.v14i4.18795
http://doi.org/10.22037/ijcn.v14i4.18795
http://doi.org/10.22037/ijcn.v14i4.18795
http://doi.org/10.1038/nri3871
http://doi.org/10.1038/nri3871
http://doi.org/10.1111/ene.13819
http://doi.org/10.1111/ene.13819
http://doi.org/10.1111/j.1600-065X.2010.00923.x
http://doi.org/10.1111/j.1600-065X.2010.00923.x
http://doi.org/10.1177/1352458518763094
http://doi.org/10.1177/1352458518763094
http://doi.org/10.1016/j.jaut.2015.06.010
http://doi.org/10.1016/j.jaut.2015.06.010
http://doi.org/10.1007/s12035-016-9846-x
http://doi.org/10.1007/s12035-016-9846-x
http://doi.org/10.1007/s12035-016-9846-x
http://doi.org/10.1007/s12035-016-9846-x
http://doi.org/10.1007/s12035-016-9846-x
http://doi.org/10.1155/2013/340508
http://doi.org/10.1155/2013/340508
http://doi.org/10.1016/B978-0-323-91532-8.00013-6
http://doi.org/10.1016/B978-0-323-91532-8.00013-6
http://doi.org/10.14739/2310-1237
http://doi.org/10.14739/2310-1237
http://doi.org/10.14739/2310-1237
http://doi.org/10.15421/022075
http://doi.org/10.15421/022075
http://doi.org/10.15421/022075
http://doi.org/10.15421/022075
http://doi.org/10.3389/fncel.2021.716747
http://doi.org/10.3389/fncel.2021.716747
http://doi.org/10.3389/fncel.2021.716747
http://doi.org/10.4049/jimmunol.1700263
http://doi.org/10.4049/jimmunol.1700263
http://doi.org/10.4049/jimmunol.1700263
http://doi.org/10.1186/1746-4811-8-34
http://doi.org/10.1186/1746-4811-8-34
http://doi.org/10.1186/1746-4811-8-34
http://doi.org/10.11613/BM.2013.018
http://doi.org/10.11613/BM.2013.018
http://doi.org/10.1016/j.neuron.2021.12.034
http://doi.org/10.1016/j.neuron.2021.12.034
http://doi.org/10.1016/j.neuron.2021.12.034
http://doi.org/10.1016/j.neuron.2021.12.034
http://doi.org/10.1016/j.neuron.2021.12.034
http://doi.org/10.1007/s00702-017-1732-9
http://doi.org/10.1007/s00702-017-1732-9
http://doi.org/10.1016/j.jneuroim.2015.11.019
http://doi.org/10.1016/j.jneuroim.2015.11.019
http://doi.org/10.1016/j.jneuroim.2015.11.019
http://doi.org/10.1016/j.jneuroim.2015.11.019
http://doi.org/10.1186/s12974-019-1551-z
http://doi.org/10.1186/s12974-019-1551-z
http://doi.org/10.1186/s12974-019-1551-z
http://doi.org/10.1186/s12974-019-1551-z
http://doi.org/10.1186/s12974-019-1551-z
http://doi.org/10.3390/ijms25137354
http://doi.org/10.3390/ijms25137354
http://doi.org/10.3390/ijms25137354
http://doi.org/10.1016/S0022-1759(03)00231-X
http://doi.org/10.1016/S0022-1759(03)00231-X
http://doi.org/10.1016/S0022-1759(03)00231-X
http://doi.org/10.1111/apm.13456
http://doi.org/10.1111/apm.13456
http://doi.org/10.1111/apm.13456
http://doi.org/10.1111/apm.13456


10 
Regulatory Mechanisms in Biosystems, 2025, 16(2), e25085 

sclerosis. Journal of Pathology, Microbiology and Immunology – the 
APMIS Journal, 132(11), 888–899.  

Sambucci, M., Gargano, F., De Rosa, V., De Bardi, M., Picozza, M., Placido, 
R., Ruggieri, S., Capone, A., Gasperini, C., Matarese, G., Battistini, L., & 
Borsellino, G. (2018). FoxP3 isoforms and PD-1 expression by T regulato-
ry cells in multiple sclerosis. Scientific Reports, 8(1), 3674.  

Shepard, C. J., Cline, S. G., Hinds, D., Jahanbakhsh, S., & Prokop, J. W. (2019). 
Breakdown of multiple sclerosis genetics to identify an integrated disease 
network and potential variant mechanisms. Physiological Genomics, 
51(11), 562–577.  

Sospedra, M., & Martin, R. (2016). Immunology of multiple sclerosis. Semi-
nars in Neurology, 36(2), 115–127.  

Sun, Y., Jing, Y., Huang, M., Ma, J., Peng, X., Wang, J., Li, G., & Cheng, X. 
(2019). The PD-1/PD-Ls pathway is up-regulated during the suppression 
of experimental autoimmune encephalomyelitis treated by Astragalus po-
lysaccharides. Journal of Neuroimmunology, 332, 78–90.  

Tupotilov, O. V., & Koliada, T. I. (2018). Tsytokinohenez pry TLR-oposered-
kovaniy aktyvatsiyi monotsytiv peryferychnoyi krovi u khvorykh z roz-
siyanym sklerozom [Cytokinogenesis in TLR-mediated activation of peri-
pheral blood monocytes in patients with multiple sclerosis]. Visnyk Prob-
lem Biolohiyi i Medytsyny, 145, 181–187 (in Ukranian).  

Vdovichenko, N. I., Koliada, O. M., & Tupotilov, O. V. (2020). Features of cy-
tokine profile in patients with different types of multiple sclerosis. Immu-
nology and Allergology: Science and Practice, 1, 12–16.  

Wagner, M., Sobczyński, M., Karabon, L., Bilińska, M., Pokryszko-Dragan, 
A., Pawlak-Adamska, E., Cyrul, M., Kuśnierczyk, P., & Jasek, M. (2015). 
Polymorphisms in CD28, CTLA-4, CD80 and CD86 genes may influence 
the risk of multiple sclerosis and its age of onset. Journal of Neuroimmu-
nology, 288, 79–86.  

Wiesemann, E., Deb, M., Trebst, C., Hemmer, B., Stangel, M., & Windhagen, 
A. (2008). Effects of interferon-beta on co-signaling molecules: Upregula-
tion of CD40, CD86 and PD-L2 on monocytes in relation to clinical res-
ponse to interferon-beta treatment in patients with multiple sclerosis. Mul-
tiple Sclerosis Journal, 14(2), 166–176.  

Wu, J. S., James, I., Qiu, W., Castley, A., Christiansen, F. T., Carroll, W. M., 
Mastaglia, F. L., & Kermode, A. G. (2010). HLA-DRB1 allele heteroge-
neity influences multiple sclerosis severity as well as risk in Western Aus-
tralia. Journal of Neuroimmunology, 219(1–2), 109–113.  

Zadeh, R. A., Jalilian, N., Sahraian, M. A., Kasraian, Z., & Noori-Daloii, M. R. 
(2017). Polymorphisms of RPS6KB1 and CD86 associates with suscepti-
bility to multiple sclerosis in Iranian population. Neurological Research, 
39(3), 217–222.  

Zivadinov, R., Uxa, L., Bratina, A., Bosco, A., Srinivasaraghavan, B., Minagar, 
A., Ukmar, M., Benedetto, S., & Zorzon, M. (2007). HLA-DRB11501, -
DQB10301, -DQB10302, -DQB10602, and -DQB10603 alleles are asso-
ciated with more severe disease outcome on MRI in patients with multiple 
sclerosis. International Review of Neurobiology, 79, 521–535.  

 
 

http://doi.org/10.1038/s41598-018-21861-5
http://doi.org/10.1038/s41598-018-21861-5
http://doi.org/10.1038/s41598-018-21861-5
http://doi.org/10.1038/s41598-018-21861-5
http://doi.org/10.1152/physiolgenomics.00120.2018
http://doi.org/10.1152/physiolgenomics.00120.2018
http://doi.org/10.1152/physiolgenomics.00120.2018
http://doi.org/10.1152/physiolgenomics.00120.2018
http://doi.org/10.1055/s-0036-1579739
http://doi.org/10.1055/s-0036-1579739
http://doi.org/10.1016/j.jneuroim.2019.03.019
http://doi.org/10.1016/j.jneuroim.2019.03.019
http://doi.org/10.1016/j.jneuroim.2019.03.019
http://doi.org/10.1016/j.jneuroim.2019.03.019
http://doi.org/10.37321/immunology.2020.01-02
http://doi.org/10.37321/immunology.2020.01-02
http://doi.org/10.37321/immunology.2020.01-02
http://doi.org/10.1016/j.jneuroim.2015.09.004
http://doi.org/10.1016/j.jneuroim.2015.09.004
http://doi.org/10.1016/j.jneuroim.2015.09.004
http://doi.org/10.1016/j.jneuroim.2015.09.004
http://doi.org/10.1016/j.jneuroim.2015.09.004
http://doi.org/10.1177/1352458507081342
http://doi.org/10.1177/1352458507081342
http://doi.org/10.1177/1352458507081342
http://doi.org/10.1177/1352458507081342
http://doi.org/10.1177/1352458507081342
http://doi.org/10.1016/j.jneuroim.2009.11.015
http://doi.org/10.1016/j.jneuroim.2009.11.015
http://doi.org/10.1016/j.jneuroim.2009.11.015
http://doi.org/10.1016/j.jneuroim.2009.11.015
http://doi.org/10.1080/01616412.2016.1278108
http://doi.org/10.1080/01616412.2016.1278108
http://doi.org/10.1080/01616412.2016.1278108
http://doi.org/10.1080/01616412.2016.1278108
http://doi.org/10.1016/S0074-7742(07)79023-2
http://doi.org/10.1016/S0074-7742(07)79023-2
http://doi.org/10.1016/S0074-7742(07)79023-2
http://doi.org/10.1016/S0074-7742(07)79023-2
http://doi.org/10.1016/S0074-7742(07)79023-2


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



