
Original Research Article    

  The Egyptian Journal of Immunology,  
E-ISSN (2090-2506) 
Volume 31 (3), July, 2024 
Pages: 62–70.  
www.Ejimmunology.org  
https://doi.org/10.55133/eji.310307 

Profiles of miRNA expression and IFN- 
serum level as biomarker for the 
development of Multiple Sclerosis 

 

Baydaa M. Abaas1, and Mayyada F. Darweesh2  

 
1
Department of Soil Science & Water Resources, Faculty of 

Agriculture, AL-Qasim Green University, Babylon 51013, Iraq. 
2
Department of Microbiology, Faculty of Science, University 

of Kufa, Najaf, 54001, Iraq. 

Corresponding author: Baydaa M. Abaas, 
Department of Soil Science & Water Resources, 
Faculty of Agriculture, AL-Qasim Green 
University, Babylon 51013, Iraq.  
Email: baidaaalghanimi@agree.uoqasim.edu.iq 

 

Abstract  

Multiple sclerosis (MS) is associated with a wide spectrum of sensory, motor, and psychological 
disorders. Cytokines level and microRNA (miRNA) expression have roles in the disease's progression 
and the start of a damaging immune response in the central nerve system. This research study aimed 

to determine the role of interferon- (IFN-) and microRNA-326 (MiR-326) as prognostic factors for 
the development of MS disease in relation to different treatments. This case-control study included 
100 participants, classified as 80 MS patients and 20 apparently healthy subjects as a control group. 

IFN- level was determined by an enzyme linked immunosorbent assay. The expression level of 
micR326 was determined by the reverse transcription polymerase chain reaction technique. The 

mean level of serum IFN- in MS patients (102.83 ± 15.79 ng/ml) was significantly higher than in the 

control group (61.25 ± 12.51 ng/ml) (p=0.001). A higher concentration of IFN- was observed in the 
secondary progressive form of MS disease relative to relapsing-remitting multiple sclerosis (RRMS) 

and in comparison, with the controls group, this IFN- cytokine level was significantly higher in 
treatment-naive patients. There was an increase in the mean fold change of miRNA-326 expression in 
patients (3.1 ±1.65) compared to the control group (1.03 ±0.23). In conclusion, secondary progressive 

multiple sclerosis (SPMS) has higher IFN- serum level than RRMS. MiR-326 may participate in the 
development of MS and its expression can be a useful biomarker for the prediction of MS. 
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Introduction 

Multiple sclerosis (MS) is an organ-specific, 
chronic inflammatory autoimmune disease in 
the central nervous system (CNS), results in 
disability and reduction of the quality life of 
infected people. It affects about 2.3 million 
people worldwide, generally younger than 50 
years.1

 

There are two stages of MS, early inflammation 
response for relapsing-remitting MS (RRMS) and 
delayed deterioration of the neurons linked to 
non-relapsing progression, i.e. secondary 
progressive (SP) and primary progressive (PP) 
MS.2 The most prevalent clinical form of MS is 
the RRMS, present in about 85% of all MS 
patients.3 

http://www.ejimmunology.org/
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Patients with RRMS may benefit from 
treatment. The majority of disease modifying 
drugs (DMDs) have immunosuppressive or 
immunomodulatory effects, these drugs target 
inflammation in patients reducing the risk of 
relapse and delaying progression.4  

Numerous DMDs, including interferon β 
(IFN-β) which can be used in the management 
of MS.5 Rituximab (RTX) is a chimeric 
monoclonal antibody that targets CD20 positive 
B cells, causing apoptotic cell-mediated death 
and reducing inflammation.6 

The immunological response associated with 
MS is mediated through the production of 
cytokines and chemokines by CD4+ T cells.7 
Demyelinating lesions are formed in the early 
MS stages when invasive lymphocytes release 
pro-inflammatory mediators such as cytokines, 
which stimulate the central nervous system's 
innate immune system and attract more 

peripheral immune cells.8 IFN- has 
inflammatory and aggravating effects on MS. 

Compelling evidence has shown that IFN- has 
dual effects in autoimmune disease.9 

MicroRNA (MiRNA) is one of the epigenetic 
factors that has a role in immunological 
dysregulation and inflammatory autoimmune 
disorders. It is associated with different miRNA 
expression levels, alterations in the targeted 
tissues and cells of either innate or adaptive 
immunity.10 MicroRNA-326 belongs to the miR-
15/107 gene group, and neural stem-cell 
differentiation and brain development are 
linked to its expression. It has been reported 
that miR-326 has significant functions in 
autoimmune disease such systemic lupus 
erythematous and multiple sclerosis.11 This 
study aimed to assess the miR-326 expression 

pattern and the blood level of INF- in MS 
patients in relation to the stage of disease and 
type of treatment. 

Subjects and Methods 

This case-control study included 100 
participants, 80 patients with MS, and 20 
normal subjects as a control group. Patients 
with different types of MS were collected from 
Al-Husseini Teaching Hospital in the holy city of 
Karbala, from November 2022 till end of April 
2023.  

A venous blood sample (2 ml) was collected 
from each study participant. Of these, an 
aliquot (1 ml) was put in a gel tube for serum 
separation. Separated serum was kept frozen at 

-20°C, until used for measurement IFN- level. 
The second aliquot (10 ml) of blood was 
transferred into an anticoagulant tube and 
immediately stored at -20°C for assessment of 
miR-326 by the reverse transcription 
polymerase chain reaction (RT-PCR). 

The IFN- level was determined by enzyme 
linked immunosorbent assay (ELISA) kits 
(Bioassay Technology Laboratory, China), 
according to the manufacturer’s instructions. 
The final ELISA products were read using a 
microtiter plate reader (Human Diagnostics, 
Germany).  

For assessment of miR-326, total RNA was 
extracted from whole blood using the RNA 
purification kits (TransZol™, TransGen, China) 
according to the manufacturer's instructions. 
Primers for miR-326 and U6 calibrators were 
designed by a biotechnology company 
(Macrogen, South Korea). U6 expression was 
used for the normalization of miRNA 
expression. The RT-qPCR was carried out using 
an automated machine (RT-qPCR, Thermo 
Fisher Scientific, USA). The reaction was carried 
out using the master mix (1-Step RT-qPCR 
System, Promega, USA). The thermocycling 
conditions were: one cycle of reverse 
transcription at     C for    minutes, then one 
c cle of  T inacti ation at     C for    minutes, 
followed by 40 cycles each included 
denaturation at     C for    sec, then annealing 
at     C for    sec and e tension at     C for 30 
sec.  

Gene expression (gene fold) value was 
calculated by the following equation12: 

Relative quantity (RQ) =2 (-∆∆CT)  
First, the average CT (cycle threshold) value for 
each triplicated sample was collected using an 
RT-PCR instrument to calculate the gene fold, 
then ∆CT  alue determined as follows for every 
sample: 

∆ CT = CT (tested mi    ) – CT reference 
geneU6)  
∆∆CT=∆CT (tested sample)-∆CT (reference gene) 
Fold gene expression RQ=2-(∆∆CT) 
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Statistical Analysis 

The Statistical Package for the Social Sciences 
(SPSS, IBM, version 26) was used for statistical 
analysis. The difference of qualitative results 
among different groups was determined using 

the Chi-square test. Results of IFN- level and 
miR326 are presented as arithmetic mean ± 
standard deviation (±SD). One-way ANOVA was 
used for comparison between patients and the 
control group. The receiver operating 
characteristic (ROC) curve was used for 
assessment of the overall diagnostic 
performance of a test. A p<0.05 was considered 
statically significant.  

Results 

In this study, females recorded higher frequency 
60 (75%), having a 3:1 female to male ratio. The 
age of patients ranged from 18-63 and, the 
average age of patients with multiple sclerosis 
was 36.8 years and 35.1 years the average age 
of the control group. The frequency distribution 
of MS patients based on class of disease was 62 
(77.5%) patients with RRMS and 18 (22.5%) with 
secondary-progressive multiple sclerosis (SPMS) 
as shown in Table 1. 

Table 1. Distribution of research participants by different study parameters. 

Control Group N=20 
N (%) 

MS patients N=80 
N (%) 

Study parameters 

  Sex 
6 (30) 20 (25) Male 

14 (70) 60 (75) Female 

  Age 
19-57 18-63 range 
35.1 36.8 Mean  

  MS Class 
 62 (77.5) RRMS 
 18 (22.5) SPMS 

  Treatment types 
 72.5 (58) Betaferon 
 17.5 (14) Rituximab 
 10 (8) Without treatment 

N: number of cases; RRMS: relapsing-remitting multiple sclerosis; SPMS: secondary progressive multiple sclerosis 
 

Evaluation of IFN- serum level in multiple 
sclerosis patients and the normal control group 

In the current study there was a marked 

increase in the serum level of IFN- in MS 
patients. The results illustrated that serum 

levels of IFN- in MS patients was significantly 
higher compared to the control group 
(p=0.001), as shown in Figure 1. 

 

Figure 1. IFN- serum level in multiple sclerosis 
patients and the control group. 
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Estimation of IFN- serum level in multiple 
sclerosis patients according to the type of 
disease 

In our study MS patients in SPMS stage 

exhibited an increased level of IFN-, in contrast 
to RRMS. The statistical analysis showed 

significant variations in the level of IFN- among 
the study groups as shown in Figure 2. 

 

Figure 2. IFN- serum level in different types of 
multiple sclerosis patients. RRMS: relapsing 

remitting multiple sclerosis; SPMS: secondary progressive 
multiple sclerosis. 

Evaluation of serum level of IFN- in multiple 
sclerosis patients according to type of treatment  

The results in the current study showed that 

serum IFN- levels in patients receiving 
interferon-β treatment was significantl  lower 
than MS patients who did not receive the 
treatment (p=0.001). Additionally, compared to 
the controls, the amount of this cytokine was 
significantly higher in treatment-naive patients 
(p=0.001) as indicated in Figure 3.  

 

Figure 3. IFN- serum level in multiple sclerosis 
patients with different types of treatment. 

MiRNA-326 expression in multiple sclerosis 
patients and controls 

MiR-326 expression was remarkably increased 
in multiple sclerosis patients compared to 
controls (p< 0.001) as shown in Figure 4 and 
figure 5. By the ROC analysis, MS patients could 
be distinguished from controls. Expression of 
miR-326 gave at an area under the curve (AUV) 
value of 0.91, the sensitivity was 87.5%, and 
specificity 80%, Cut off value was 1.185, as 
illustrated in table 2 and figure 6. 

 

 

Figure 4. Comparison of the mean of the fold 
change difference of miR-326 between MS 
patients and controls.  

 

 

Figure 5. Receiver operating characteristic 
(ROC) curve for miRNA-326 in MS patients. 
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Table 2. Sensitivity and specificity of miRNA-326 in diagnosis of MS patients.  

AUC p-value Cut off 
Asymptotic 95% Confidence Interval 

Sensitivity Specificity 
Lower Bound Upper Bound 

0.91 0.001 1.185 0.826 0.992 87.5% 80% 
AUC, area under the curve, and values were significant at p< 0.05. 

 

 

Figure 6. Real time PCR images showing the cycle threshold (Ct) value of selected microRNA genes. 
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Discussion 

In the present study we observed that the 
majority of patients were of RRMS class and the 
minority of patients with SPMS table (1). This is 
in line with findings of Dias de Sousa, et al., 
2022,7 as they observed that the distribution of 
patients according to class of MS was 70% of 
patients with the RRMS and 20% of patients 
with SPMS while only one patient (3.33%) with 
primary-progressive multiple sclerosis (PPMS).  

In the current study there was a marked 

increase in the serum level of IFN- in MS 
patients figure (1). This results agreed with 
those of the study by Talbot, et al., 2022,15 who 
observed that patients with RRMS had higher 
cerebrospinal fluid (CSF) concentrations of IFN-

, C-C motif chemokine 22 (CCL-22) and 
Interleukin 27 (IL-27) than the control group. 
Also, the study by Singh, et al., 2017,16 found 
that patients with recently diagnosed RRMS 

have significantly higher levels of IFN- 
expression in their T cells as compared to 
controls. Also, the study by Abd et al., 2023,17 
reported that increased concentration of pro-

inflammatory cytokines including IFN- and IL-
17 lead to persistence inflammation and 
subsequent abnormal immune response that 
led to progressive disease. On other hand, 

elevated serum levels of IFN- were reported in 
MS patients relative to the control group.18 

Additionally, higher levels of IFN -, IL-17, IL-6, 
tumor necrosis factor-α, IL-10 and IL-4 were 
observed in progressive MS compared to the 
control group.19 Also, patients with the RRMS 
and SPMS types had higher frequencies of IL-17 

positive or IFN- positive mononuclear cells in 
their peripheral blood.20 

Another study by Kallaur, et al., 2013,21 
evaluated the pro-inflammatory cytokine serum 
levels in RRMS patients and assessed the 
relationship between the cytokine profile and 
the disease activity and progression. They found 

elevated serum IFN-, IL-12 and IL-4 levels in 
RRMS compared with the control group. The 
study by Kebir, et al., 2009,22 found that 
lymphocytes obtained from the blood of 
relapsing MS patients were more likely to 
proliferate into T helper 17 (Th17) cells that 

produce IL-17, IFN- and other proinflammatory 

cytokines that disrupt tight junction proteins in 
the central nervous system (CNS) endothelial 
cells and considered as a potent pathogenic 
factor in disease immune-pathophysiology. 

In our study MS patients in SPMS stage 

exhibited an increased level of IFN-, in contrast 
to RRMS as shown in Figure (2), these results 
agreed with those of Dias de Sousa, et al., 

2022,7 who found that the level of IFN- 
production by peripheral blood mononuclear 
cells from SPMS was significantly higher. They 

suggested that elevated IFN- level (the main 
cytokine that determines naive CD4+ T cells 
differentiate into Th1 lymphocytes) may be 
associated with clinical manifestations of more 
severely disabled patients.  

Another study by Kallaur, et al., 2017,19 
compared the serum cytokine profile of patients 
with progressive MS and RRMS patients, and its 
correlations with the disability and disease 
progression with controls in a population from 

Southern Brazil. They found that IFN- levels in 
progressive MS were elevated compared to 

controls, and IFN- levels were higher in 

progressive MS than in RR-MS. Also, IFN- level 
tends to increase in remitting MS compared to 
relapsing RRMS patients and controls.23  

The results in the current study showed that 

serum IFN- levels in patients receiving 
interferon-β treatment was significantl  lower 
than MS patients who did not receive the 
treatment, and the amount of this cytokine was 
significantly higher in treatment-naive patients 
figure (3). This study findings are in line with 
those of Ganjia, et al., 2020,24 who showed that 

serum levels of IFN- in treatment-naive 
patients were significantly higher than in the 

controls, and reduced levels of IFN- among 
patients treated with interferon beta-1 (IFN-β ). 
Also, these study data are consistent with those 
of the study by Guerrero-Garcia, 2016,23 who 

found high serum level IFN- in treatment-naive 
RRMS patients than in controls and reduced 

levels of IFN- among patients receiving IFN-β  
treatment. Another research study by Trenova, 
et al., 2014,25 observed higher serum levels of 

IFN- in RRMS patients without disease 
modifying treatment (IFN-β ) than the controls 
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and lower IFN- in RRMS treated patients with 
interferon- β -1b.  

Our study findings show that MiR-326 
expression was remarkably increased in 
multiple sclerosis patients compared to controls 
figure (4) and figure (5). The clinical significance 
of MiR-326 in the MS patients is described in 
table (2) and the receiver operating 
characteristics (ROC) curve figure (6) of miR-326 
gave at an area under the curve (AUV) value of 
0.91, the sensitivity was 87.5%, and specificity 
80%. 

This findings agreed with those of Basak and 
Majsterek, 2021,26 who demonstrated that the 
expression level of miR-326, miR-141, miR-200a, 
miR-155 and miR-223 were elevated whereas 
miR-15b, miR-20b, miR-26a, and miR-30a were 
downregulated. Also, the imbalance between 
pro- and anti-inflammatory processes could be 
attributed to the dysregulation of these 
miRNAs. Since the targets of these miRNAs are 
linked to the control of Th1/Th17 and the 
differentiation of Treg cells. Also, the study by 
Baulina et al., 2018,27 revealed a significant 
upregulation of miR-326 in remitting MS 
patients compared to relapsing MS patients and 
controls. Another study by Niwald, et al., 
2017,28 observed significant differences in miR-
326 expression, with a significantly higher 
expression in RRMS compared to controls. 
Furthermore, peripheral blood mononuclear 
cells (PBMCs), brain white matter lesions from 
MS patients, and a mouse model all showed 
increased expression of miR-326.29 In the same 
direction the study by Lin et al., 2021,30 
confirmed that mi ‐    was o ere pressed in 
brain white matter lesions patients with MS. 
The study by Azimi et al., 2019,31 found that 
mir-326a was over-expressed in MS patients in 
comparison to control individuals and they 
proved that microRNA-326 plays an important 
role in the pathophysiology of MS. The study by 
Junker et al., 2009,32 confirmed that in patients 
with active multiple sclerosis, miR-326 was 
upregulated, and targets the CD47 molecule of 
brain's resident cells, which in turn, suppresses 
macrophage phagocytic activity, and accelerate 
myelin deterioration. Similarly, the study by Du 
et al., 2009,33 demonstrated that miR-326, a 
negative regulator of Th17 differentiation, may 

cause T naïve cells to differentiate into Th17 
cells, and consequently, the severity of MS will 
increase. 

The study by Sonkoly & Pivarcsi, 2019,34 
confirmed that miR-326 regulates T-cell 
differentiation and mediates the immune 
response in MS as an immune-related miRNA. 
Also, the study by Honardoost et al., 2014,35 
observed significantly up-regulation of miR-326 
in relapsing phase of multiple sclerosis patients 
compared with remitting phase (p=0.0001) and 
controls (p=0.0091). Also, the ROC curve 
analysis confirmed valuable and precise 
potential of miR-326 to discriminate between 
relapsing and remitting phases of multiple 
sclerosis with with 100% specificity and 
sensitivity, at a proposed optimum cutoff point. 
They confirmed the potential of miR-326 as a 
diagnostic biomarker to discriminate between 
relapsing and remitting phases of multiple 
sclerosis disease. The study by Nguyen et al., 
2022,36 demonstrated that miRNAs are 
dysregulated in major neurodegenerative 
diseases, such as Alzheimer's disease, 
Parkinson's disease, multiple sclerosis and 
suggested that miR-326 could be considered as 
promising biomarkers for their diagnostic and 
prognostic approaches. 

In conclusion, findings of this study indicated 

that concentration of IFN- and expression of 
miRNA-326 may play key roles in 
immunopathogenesis of MS disease in regard to 
the stage of disease and type of treatments. 
Furthermore, by regulating their levels, 
complication or deterioration of the neurons 
caused by the disease may be avoided. 
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