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Abstract. Multiple sclerosis (MS) is an autoimmune disorder 
of the central nervous system. It was previously demonstrated 
that miR‑155 and miR‑146a served a vital role in the patho-
physiology of MS, and single nucleotide polymorphisms 
in miR‑155 and miR‑146a were found to be associated with 
the susceptibility to different autoimmune diseases, such as 
systemic lupus erythematosus, rheumatoid arthritis and type I 
diabetes. The aim of the present study was to analyze the 
association between susceptibility to MS and two genetic poly-
morphisms (miR‑155 rs767649 A>T and miR‑146a rs57095329 
A>G) in a cohort of Egyptian patients. The presence of the 
two polymorphisms were analyzed in 114 patients with MS 
and 152 healthy controls using quantitative PCR. The present 
study demonstrated for the first time that: The TT genotype 
and T allele in miR‑155 (rs767649 A>T) polymorphism 
were associated with an increased risk of MS; the miR‑146a 
(rs57095329 A>G) mutated G allele conferred protection 
against the development of MS in all genetic models; miR‑155 
rs767649 A>T was a risk associated polymorphism of MS in 
females, but not in males; and miR‑155 rs767649 AT/TT and 
miR‑146a rs57095329 GG genotypes showed significantly 
higher distributions among patients with higher Expanded 
Disability Status Scale scores and secondary progressive MS 
subgroups. Therefore, miR‑155 rs767649 polymorphism may 
confer susceptibility to MS, whereas miR‑146a rs57095329 
may be protective against MS in an Egyptian cohort.

Introduction

Multiple sclerosis (MS) is a non-fatal long‑lasting autoim-
mune disease characterized by chronic inflammation and 
demyelinating neurodegeneration of the central nervous 
system (CNS) (1). There are three primary clinical subtypes 
of MS; ~80% are diagnosed with relapsing‑remitting MS 
(RRMS), with secondary progressive MS (SPMS) developing 
in the following decades, whereas in a smaller group of 
patients (~20%) MS begins with a primary progressive phase 
(PPMS) (2). The etiology of MS remains unclear; however, 
several studies have shown that both genetic and environmental 
factors influence susceptibility to MS (3‑5).

MicroRNAs (miRNAs/miRs) constitute a group of 
~20‑22‑nucleotide‑long non‑coding RNAs which regulate 
target mRNA expression post‑transcriptionally through 
mRNA degradation or translation inhibition  (6). miRNAs 
serve essential roles in the immune system in the development 
of innate and adaptive immunity and for proper immune func-
tion (7). miR‑155 regulates the innate and adaptive immune 
responses in response to infection  (8) However, miR‑155 
dysregulation via overexpression is associated with various 
inflammatory disorders (9,10). miR‑146a is a negative regu-
lator of immune and inflammatory responses (11). miR‑155 
and miR‑146a are associated with the pathogenesis of several 
autoimmune diseases (6,12), including MS in humans and in 
experimental autoimmune encephalomyelitis (EAE) lesions in 
mice, suggesting that miR‑155 and miR‑146a may be involved 
in the pathophysiology of MS (10,13).

Single nucleotide polymorphisms (SNPs) are single nucleo-
tide variations that occur at a unique site in the DNA (14). These 
changes in the DNA sequence can affect the susceptibility to 
different diseases, including autoimmune diseases (15). SNPs 
in miR‑155 rs767649 and miR‑146a rs57095329 are associated 
with the development of immune‑system dysfunctions (16,17). 
Notably, the selected SNPs (miR‑155 rs767649 and miR‑146a 
rs57095329) are located in the regulatory regions of these 
miRNAs and may thus affect their expression levels (16‑21).

Given the regulatory role of miR‑155 and miR‑146a in 
the immune response in MS and the possible effect of the 
miR‑155 rs767649 and miR‑146a rs57095329 SNPs on their 
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respective expression levels, it was hypothesized that these 
polymorphisms may alter the susceptibility to MS. Therefore, 
the aim of the present study was to ascertain whether these 
two polymorphisms are associated with MS susceptibility, 
and whether these SNPs are associated with demographic and 
clinical features of MS in an Egyptian cohort. Based on the 
results of the present study, these two polymorphisms may 
have value as diagnostic biomarkers for MS and may inform 
novel new therapeutic approaches for MS treatment.

Materials and methods

Patient recruitment. The MS cohort of the present study 
consisted of 114 patients (mean age ±  standard deviation, 
31.32±8.36 years) who were outpatients or inpatients at the 
Department of Neurology or Department of Internal Medicine 
at El Fayoum University Hospital (Fayoum, Egypt), including 
96 females and 18 males, with clinically confirmed MS. MS 
diagnosis was confirmed based on the recommended diag-
nostic criteria for multiple sclerosis  (22). Disease severity 
was evaluated using the Kurtzke Expanded Disability Status 
Scale (EDSS) (23). EDSS is a method of measuring disability 
in patients with MS over time. EDSS scoring depends on an 
examination by a neurologist. The EDSS score ranges from 
0‑10 in 0.5‑unit increments, with a higher score representing 
a higher level of disability  (23). A value of 6 is a cut‑off 
value, with scores ≥6 meaning a patient who is immobile 
and requires a walking aid to walk ~100 m with or without 
rest (15,23). Patients with concurrent autoimmune or inflam-
matory diseases or malignancies, patients suspected to be drug 
or alcohol addicts, or pregnant patients were excluded from the 
present study.

The 114  patients with MS were classified into two 
subgroups: Subgroup I consisted of 84 patients with RRMS 
and subgroup II consisted of 30 patients with SPMS. The 
medical history of each patient was obtained, including age, 
age of onset and current treatment. Patients who received 
MS‑specific treatment (immunomodulatory therapy) within 
6 months prior to data collection were excluded.

To study the association between the target polymorphisms 
and sex, patients were further stratified by sex and each group 
was compared with their corresponding controls. To analyze 
the association between the genotypic and allelic distributions 
of the studied genes and demographic or clinical features of 
MS, patients were stratified according to age of onset. The age 
of onset level was set at 30 years as MS primarily manifests 
in young adults aged 20‑40 years (24) and this age is similar 
to the mean age of onset in the present study. Patients were 
also divided into two groups based on the EDSS values; the 
threshold of severe MS was set as an EDSS score of 6 in accor-
dance with a previous study (15). Finally, patients with MS 
were divided according to the subtype, RRMS and SPMS (25).

The control group was comprised of 152 unrelated healthy 
subjects (124 females, 28 males; mean age ± standard deviation, 
31.43±8.31 years), matched for age and sex with no familial 
history of MS or any other CNS diseases. These patients were 
recruited from blood donors in the same geographical area.

In the present study, different genetic models were used 
to confirm the association between the genes of interest and 
the risk of MS: i) Genotypic model; in which a wild‑type 

homozygous genotype was used as a reference (AA in both 
miR‑155 rs767649 & miR‑146a rs57095329) to investigate the 
prevalence of two other genotypes (heterozygous genotypes, 
AT in miR‑155 rs767649 and AG in miR‑146a rs57095329, and 
mutant homozygous genotypes, TT in miR‑155 rs767649 and 
GG in miR‑146a rs57095329) in the MS and control groups. 
ii) Dominant model; in which a wild‑type homozygous geno-
type was used as a reference (AA in both miR‑155 rs767649 & 
miR‑146a rs57095329) to investigate the prevalence of mutant 
allele associated genotypes (TT+AT in miR‑155 rs767649 and 
GG+AG in miR‑146a rs57095329) within the MS and control 
groups. iii) Recessive model; in which wild‑type allele associ-
ated genotypes (AA+AT in miR‑155 rs767649 and AA+AG in 
miR‑146a rs57095329) was used as a reference to investigate the 
prevalence of mutant homozygous genotype (TT in miR‑155 
rs767649 and GG in miR‑146a rs57095329) within the MS and 
control groups. iv) Allelic model; in which a wild‑type allele 
(A allele in both miR‑155 rs767649 & miR‑146a rs57095329) 
was used as a reference to investigate the prevalence of mutant 
allele (T in miR‑155 rs767649 and G in miR‑146a rs57095329) 
within the MS and control groups.

All participants provided informed written consent 
after the study objectives and procedures were explained 
to them. The present study was approved by The Faculty of 
Medicine Fayoum University Ethics Committee. The research 
protocol adhered to the ethical principles and guidelines of 
The Declaration of Helsinki (26). Peripheral blood samples 
were collected from all participants and DNA extraction and 
genotyping were performed.

DNA extraction and genotyping. Genomic DNA was extracted 
from whole EDTA blood samples from all participants using 
a QIA‑Amplification Extraction kit (Qiagen, Inc.) according 
to the manufacturer's protocols. DNA concentration was 
measured using a NanoDrop‑1000 Spectrophotometer 
(NanoDrop Technologies; Thermo Fisher Scientific, Inc.).

All individuals were genotyped for the two SNPs (miR‑155 
rs767649 A>T and miR‑146a rs57095329 A>G) by quantitative 
(q)PCR using a TaqMan Allelic Discrimination assay (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), using pre‑designed 
primer/probe sets for miR‑155 rs767649 A>T (C_2212229_10) 
and miR‑146a rs57095329 A>G (C_90078480_10) (Thermo 
Fisher Scientific, Inc.). The sequences of the primers used 
were: miR‑155 rs767649 forward, 5'‑ATA​TAA​CAC​ATT​
ATC​AAA​AAC​ACT​G‑3' and reverse, 5'‑CAC​TTT​TCT​GAG​
TGC​TCT​AAT​CAG​G‑3'; and miR‑146a rs57095329 forward 
5'‑CCC​CGC​GGG​GCT​GCG​GAG​AGT​ACA​G‑3' and reverse, 
5'‑CAG​GAA​GCC​TGG​GGA​CCC​AGC​GCC​T‑3'.

The thermocycling conditions were as follows: 45 PCR 
cycles at 92˚C for 15 sec; denaturation at 95˚C for 10 min; and 
annealing and extension at 60˚C for 90 sec. Real‑time PCR 
was performed using a Rotor‑gene Q Real‑Time PCR system 
(Qiagen, Inc.) (27).

Statistical analysis. Data were analyzed using SPSS version 
25 (IBM, Corp.). Data are presented as the mean ± standard 
deviation for quantitative variables, as frequencies for the 
number of cases and as percentages for categorical variables. 
Comparisons between groups were performed using an 
ANOVA with a post‑hoc Tukey's test for multiple comparisons 
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or an unpaired t‑test in normally distributed quantitative 
variables; whereas a non‑parametric Kruskal‑Wallis test with 
a post‑hoc Dunn's test or a Mann‑Whitney U test were used 
for non‑normally distributed quantitative variables (28). For 
comparing categorical information, a χ2 test was used. The 
Fisher's Exact test was performed as a substitute of the χ2 test 
when the expected frequency was >5 (29). Genotypes and 
alleles frequencies were analyzed and compared between 
the MS and the control groups. Univariate and multivariate 
regression analyses were performed to calculate the odds ratio 
(OR) with 95% confidence interval (CI) and adjusted for age 
and sex as possible confounders. Regression analysis was also 
performed to determine independent predictors of MS (30). 
P<0.05 was considered to indicate a statistically significant 
difference.

Sample size. The sample size was calculated using G power 
version 3 (31). The minimal sample size of patients was 100 in 
each group required to get a power level 0.80, α level 0.05 and 
9% as an expected difference in the proportion of subjects with 
GG in polymorphism miR‑146a rs57095329 (A>G) between 
cases and controls. To overcome the problem of missing data, 
the calculated sample size was increased by 10% to reach 110 
in each group.

Results

Demographic and clinical features of patients and controls. 
The present study included a total of 266 subjects classified into 
two groups. Group I included 114 patients with MS, 96 females 
(84.2%) and 18 males (15.8%). A total of 114 MS patients, 
84 patients (73.7%) were diagnosed with RRMS, whereas 
30 patients (26.3%) were diagnosed with SPMS. Group  II 
included 152 healthy individuals free from MS or other CNS 
diseases, including 124 females (81.6%) and 28 males (18.4%) 
aged 31.43±8.31 years. There was a significant increase in the 
mean value of EDSS score in SPMS (5.75±1.19) compared 
with RRMS (2.46±1.32) patients (P<0.001; Table I).

Differences in the prevalence of miR‑155 rs767649 and 
miR‑146a rs57095329 genotypes and alleles between patients 
with MS and the controls. The genotypic and allelic distri-
bution of miR‑155 rs767649 and miR‑146a rs57095329 in 
patients with MS and controls are presented in Table II. For 
miR‑155 polymorphism in the genotypic and dominant models 

the AA genotype was used as a reference, the homozygous 
genotype TT in genotypic and TT+AT in dominant models 
were associated with significant increases in the risk of MS 
(adjusted OR, 8.6; 95% CI, 3.556‑20.8; P<0.001 vs. adjusted 
OR, 3.282; 95% CI, 1.599‑6.738; P=0.001, respectively). Also, 
in the recessive and allelic models, when the AA+AT genotypes 
or A allele were used as the reference group, TT genotype in 
recessive and T allele in allelic models also showed a signifi-
cant difference, with higher distribution among patients with 
MS compared with the controls (both P<0.001). However, the 
prevalence of the heterozygous genotype AT, was significantly 
higher in controls (63.2%) compared with patients with MS 
(55.2%) (adjusted OR, 2.317; 95% CI, 1.104‑4.864; P=0.026).

With regard to the miR‑146a polymorphism, using the AA 
genotype or A allele as a reference, GG and AG genotypes 
and G allele were significantly more common in the control 
groups (10.5% for GG, 47.4% for AG and 34.2% for G allele) 
compared with patients with MS (2.6% for GG, 26.3% for AG 
and 15.8% for G allele). For GG vs. AA the P‑value was 0.004, 
whereas AG vs. AA and A vs. G allele were both P<0.001. 
The dominant model (GG+AG vs. AA; adjusted OR=0.291; 
95% CI, 0.173‑0.492; P<0.001), recessive model (GG vs. 
AG+AA; adjusted OR=0.233; 95% CI, 0.066‑0.827; P=0.024) 
were further examined. These data demonstrate that the pres-
ence of G allele was associated with protection for MS, but A 
allele was associated with the development of the disease.

Stratification of genotype and allele frequencies of miR‑155 
and miR‑146a polymorphisms in MS and control groups 
according to sex. The miR‑155 rs767649 and miR‑146a 
rs57095329 genotypes and alleles were further stratified by 
sex as shown in Table III. miR‑155 rs767649 was significantly 
associated with an increased risk of MS in females and this was 
associated with the homozygous TT genotype in the genotypic 
and recessive models, with the TT+AT genotypes in the domi-
nant model and with T allele in allelic model (each P<0.001). 
However, the AT genotype was determined to be protective 
against the development of MS. For miR‑146a rs57095329, the 
AG in the genotypic model (P=0.015), GG+AG genotypes in 
the dominant model (P=0.001) and G allele in the allelic model 
(P<0.001) were significantly associated with a decreased risk 
of MS.

In the male group, a significant decrease in the risk of 
MS was observed with miR‑146a rs57095329 GG+GA geno-
types in the dominant model (adjusted OR=0.053; 95% CI, 

Table I. Comparison of characteristics between patients with MS and controls.

Parameters	 RRMS, n=84	 SPMS, n=30	 Control group, n=152	 P‑value

Age, years, mean ± SD	 31.32±8.36	 31.43±8.31	 0.928
Age of onset, years, mean ± SD	 31.25±7.65	 31.50±10.25	‑	  0.417
Female/Male, %	 84.2/15.8	 81.6/18.4	 0.365
	 85.7/14.3	 80/20	‑	  0.560
EDSS, mean ± SD	 2.46±1.32	 5.75±1.19	‑	  <0.001

MS, multiple sclerosis; RRMS, relapsing‑remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; EDSS, expanded 
disability status scale; SD, standard deviation.
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0.011‑0.251; P<0.001) and with G allele in the allelic model 
(adjusted OR=0.225; 95% CI, 0.080‑0.629; P=0.004).

Logistical regression analysis. To determine the predictive 
parameters of increased risk of MS, univariate and multivar-
iate logistical regression analyses were performed (Table IV). 
For miR‑155 rs767649, the TT and AT genotypes in univariate 
analysis and the TT genotype in the multivariate analysis 
were positively associated with the development of MS. For 
miR‑146a rs57095329, GG and AG genotypes were inversely 
associated with MS development in both univariate and 
multivariate analyses.

Association between miR‑155 rs767649 and miR‑146a 
rs57095329 and clinicopathological features of MS. The 
distribution of miR‑155 rs767649 A>T and miR‑146a 
rs57095329 A>G genotypes or alleles among patients with MS 

after categorizing them into subgroups according to the age of 
onset, EDSS and clinical subtypes of the disease are shown in 
Table V. For miR‑155 rs767649, the AT or AT+TT genotypes 
were significantly associated with increased MS susceptibility 
among older patients (>30 years) (P=0.013), higher EDSS 
score (≥6) (P=0.047) and with the SPMS subtype (P=0.034). 
In contrast, for miR‑146a rs57095329, the presence of a G 
allele or the GG genotype was significantly more frequently 
observed in patients with a younger age of onset (≤30 years) 
(P=0.029), in patients with a higher EDSS (≥6) (P=0.001) and 
with the SPMS subtype (P=0.011).

Discussion

MS is a neuroinflammatory autoimmune disease (1). Variations 
in the expression of several miRNAs contribute to MS (32). 
miR‑155 and miR‑146a expression is frequently increased 

Table II. Genotype and allele distributions of miR‑155 rs767649 A>T and miR‑146a rs57095329 A>G in MS cases and control 
group.

A, miR‑155 rs767649 (A>T)

Genotypes	 MS cases,	 Controls,	 Unadjusted P‑value,	 Adjusted P‑value,
and Alleles	 n (%)	 n (%)	 OR (95% CI)	 OR (95 % CI)a

TT	 39 (34.2)	 16 (10.5)	 <0.001, 8.125 (3.408‑19.370)	 <0.001, 8.600 (3.556‑20.800)
AT	 63 (55.3)	 96 (63.2)	 0.033, 2.187 (1.066‑4.490)	 0.026, 2.317 (1.104‑4.864)
AA	 12 (10.5)	 40 (26.3)	 1
Dominant model
  TT+AT	 102 (89.5)	 112 (73.7)	 0.002, 3.036 (1.510‑6.105)	 0.001, 3.282 (1.599‑6.738)
  AA	 12 (10.5)	 40 (26.3)	 1
Recessive model
  TT	 39 (34.2)	 16 (10.5)	 <0.001, 4.420 (2.315‑8.438)	 <0.001, 4.479 (2.341‑8.571)
  AA+AT	 75 (65.8)	 136 (89.5)	 1
Allele T	 141 (61.8)	 128 (42.1)	 <0.001, 2.228 (1.569‑3.166)	 <0.001, 2.260 (1.588‑3.218)
Allele A	 87 (38.2)	 176 (57.9)	 1

B, miR‑146a rs57095329 (A>G)

Genotypes	 MS cases,	 Controls,	 Unadjusted P‑value,	 Adjusted P‑value,
and Alleles	 n (%)	 n (%)	 OR (95% CI)	 OR (95 % CI)a

GG	 3 (2.6)	 16 (10.5)	 0.003, 0.148 (0.041‑0.531)	 0.004, 0.149 (0.041‑0.539)
AG	 30 (26.3)	 72 (47.4)	 <0.001,0.329(0.192‑0.564)	 <0.001, 0.323 (0.187‑0.556)
AA	 81 (71.1)	 64 (42.1)	 1
Dominant model
  GG+AG	 33 (28.9)	 88 (57.9)	 <0.001, 0.296 (0.177‑0.497)	 <0.001, 0.291 (0.173‑0.492)
  AA	 81 (71.1)	 64 (42.1)	 1
Recessive model
  GG	 3 (2.6)	 16 (10.5)	 0.022, 0.230 (0.065‑0.809)	 0.024, 0.233 (0.066‑0.827)
  AA+AG	 111 (97.4)	 136 (89.5)	 1
Allele G	 36 (15.8)	 104 (34.2)	 <0.001, 0.361 (0.235‑0.553)	 <0.001, 0.361 (0.235‑0.555)
Allele A	 192 (84.2)	 200 (65.8)	 1

aAdjusted by age and sex. CI, confidence interval; OR, odds ratio; MS, multiple sclerosis; miR, microRNA.
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in MS peripheral blood mononuclear cells (7,17). Therefore, 
these two miRNAs may be used as a signature for determining 
susceptibility to MS and serve crucial roles in the pathogen-
esis of MS. Previous studies have investigated the association 
between miR‑155 rs767649 and miR‑146a rs57095329 poly-
morphisms with MS susceptibility reporting no difference in 
the frequencies of miR‑155 rs767649 and miR‑146a rs57095329 
between patients with MS and controls (17,21). Therefore, the 
present study aimed to investigate the association of these two 
polymorphisms with MS susceptibility and their association 
with clinicopathological data in the Egyptian population 
specifically.

In the present case‑control study, it was demonstrated for 
the first time that miR‑155 rs767649 (A>T) was a predisposing 
factor for MS in all genetic and allelic models. Univariate 

and multivariate logistical regression analyses demonstrated 
that the TT genotype was a risk factor for MS susceptibility. 
In contrast to the results of the present study, a recent study 
showed that there was no association between miR‑155 
rs767649 and MS risk in Iranian patients (21). Additionally, in 
a previous study examining the association between miR‑155 
rs767649 and susceptibility to type 1 diabetes mellitus (another 
autoimmune disease), miR‑155 rs767649 was associated with 
protection against this disease (16).

The results of the present study may be explained by 
previous studies which demonstrated that the miR‑155 
rs767649 TT genotype and T allele were associated with 
increased risk of non‑small cell lung cancer (NSCLC) and 
hepatocellular carcinoma (HCC), respectively, wherein the 
miR‑155 rs767649 T allele contributed to higher expression 

Table III. Stratification of miR‑155 and miR‑146a polymorphisms by sex in patients with multiple sclerosis and their corre-
sponding healthy controls.

A, miR‑155 rs767649 (A>T)

	 Females 	 Adjusted ORa, 		  Males 	 Adjusted ORa,
Parameters	 cases/controls, %	 (95% CI)	 P‑valuea	 cases/controls, %	  (95% CI)	 P‑valuea

TT	 37.5/6.5	 19.112, (6.495‑56.233)	 <0.001	 16.7/28.6	 0.488, (0.065‑3.682)	 0.486
AT	 53.1/64.5	 2.773,(1.180‑6.516)	 0.019	 66.7/57.1	 0.975, (0.179‑5.306)	 0.976
AA	 9.4/29	 1		  16.7/14.3	 1
Dominant model
  TT+AT 	 90.6/71	 4.540, (1.983‑10.396)	 <0.001	 83.3/85.7	 0.813, (0.156‑4.229)	 0.806
  AA	 9.4/29	 1		  16.7/14.3	 1
Recessive model
  TT	 37.5/6.5	 8.717, (3.811‑19.943)	 <0.001	 16.7/28.6	 0.498,(0.112‑2.207)	 0.359
  AA+AT	 62.5/93.5	 1		  83.3/71.4	 1
Allele T	 64.1/38.7	 2.863, (1.932‑4.243)	 <0.001	 50/57.1	 0.744,(0.320‑1.730)	 0.493
Allele A	 35.9/61.3	 1		  50/42.9	 1

B, miR‑146a rs57095329 (A>G)

	 Females 	 Adjusted ORa,		  Males 	 Adjusted ORa,
Parameters	 cases/controls, %	 (95% CI)	 P‑valuea	 cases/controls, %	 (95% CI)	 P‑valuea

GG	 0/9.7	‑	  0.999	 16.7/14.3	 0.316,(0.051‑1.979)	 0.218
AG	 31.2/43.5	 0.487, (0.273‑0.869)	 0.015	 0/64.3	‑	  0.999
AA	 68.8/46.8	 1		  83.3/21.4	 1
Dominant model
  GG+AG	 31.2/53.2	 0.392,(0.223‑0.689)	 0.001	 16.7/78.6	 0.053,(0.011‑0.251)	 <0.001
  AA	 68.8/46.8	 1		  83.3/21.4	 1
Recessive model
  GG	 0/9.7	‑	  0.999	 16.7/14.3	 1.175,(0.223‑6.193)	 0.849
  AA+AG	 100/90.3	 1		  83.3/85.7	 1
Allele G	 15.6/31.5	 0.403,(0.251‑0.647)	 <0.001	 16.7/46.4	 0.225,(0.080‑0.629)	 0.004
Allele A	 84.4/68.5	 1		  83.3/53.6	 1

aAdjusted by age.
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level of miR‑155 in NSCLC and HCC tissues and in adjacent 
non‑tumor tissues, potentially via enhanced transcriptional 
activity  (18,19). In addition, miR‑155 expression level was 
upregulated in patients with MS (7) and in EAE in mice (10). 

In MS and EAE, miR‑155 induced the development of Th1 
and Th17 cells with a subsequent increase in the release of 
proinflammatory cytokines (33). Therefore, targeted inhibition 
of miR‑155 activity may be a novel therapeutic approach for 

Table V. Association between single nucleotide polymorphisms of miR‑155 rs767649 and miR‑146a rs57095329 and clinical 
data of patients with multiple sclerosis.

	 Age of onset, years	 EDSS	 MS type
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑  
	 >30, n=57	 ≤30, n=57		  ≥6, n=24	 <6, n=90		  RRMS, n=84	 SPMS, n=30
Genotypes/alleles	 n (%)	 n (%)	 P‑value	 n (%)	 n (%)	 P‑value	 n (%)	 n (%)	 P‑value

miR‑155 (A/T)			   0.013a			   0.047a			   0.088
  AA	 3 (5.3)	 9 (15.8)		  0	 12 (13.3)		  12 (14.3)	 0 (0.0)
  AT	 39 (68.4)	 24 (42.1)		  18 (75.0)	 45 (50.0)		  45 (53.6)	 18 (60.0)
  TT	 15 (26.3)	 24 (42.1)		  6 (25.0)	 33 (36.7)		  27 (32.1)	 12 (40.0)
AT+TT	 54 (94.7)	 48 (84.2)	 0.067	 24 (100.0)	 78 (86.7)	 0.068	 72 (85.7)	 30 (100.0)	 0.034
Allele 			   0.683			   0.916			   0.131
  A	 45 (39.5)	 42 (36.8)		  69 (41.1)	 18 (30.0)		  18 (37.5)	 69 (38.3)
  T	 69 (60.5)	 72 (63.2)		  99 (58.9)	 42 (70.0)		  30 (62.5)	 111(61.7)
miR‑146a (A/G)			   0.074			   0.001b			   0.011b

  AA	 45 (78.9)	 36 (63.2)		  18 (75.0)	 63 (70.0)		  60 (71.4)	 21 (70.0)
  AG	 12 (21.1)	 18 (31.6)		  3 (12.5)	 27 (30.0)		  24 (28.6)	 6 (20.0)
  GG	 0	 3 (5.3)		  3 (12.5)	 0		  0	 3 (10.0)
AG+GG	 12 (21.1)	 21 (36.8)	 0.063	 6 (25.0)	 27 (30.0)	 0.631	 24 (28.6)	 9 (30.0)	 0.882
Allele			   0.029			   0.527			   0.297
  A	 102 (89.5)	 90 (78.9)		  144 (85.7)	 48 (80.0)		  39 (81.3)	 153 (85.0)
  G	 12 (10.5)	 24 (21.1)		  24 (14.3)	 12 (20.0)		  9 (18.8)	 27 (15.0)

aSignificant difference between AT or AG distribution, bSignificant difference between TT or GG distribution. EDSS, expanded disability status 
scale; MS, multiple sclerosis; RRMS, relapsing‑remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis.

Table IV. Logistic regression analysis to predict the risk of Multiple Sclerosis.

A, Univariate analysis

Parameter	 Unstandardized coefficient	 Standard error for estimate	 P‑value	 Odds ratio	 95% confidence interval

miR‑155 (TT)	 2.095	 0.443	 <0.001	 8.125	 3.408‑19.370
miR‑155 (AT)	 0.783	 0.367	 0.033	 2.187	 1.066‑4.490
miR‑146a (GG)	‑ 1.910‑	 0.651	 0.003	 0.148	 0.0421‑0.531
miR‑146a (AG)	‑ 1.111‑	 0.274	 <0.001	 0.329	 0.192‑0.564

B, Multivariate analysis

Parameter	 Unstandardized coefficient	 Standard error for estimate	 P‑value	 Odds ratio	 95% confidence interval

miR‑155 (TT)	 2.504	 0.496	 <0.001	 12.236	 4.624‑32.376
miR‑155 (AT)	 0.519	 0.391	 0.184	 1.681	 0.782‑3.615
miR‑ 146a (GG)	‑ 2.893‑	 0.739	 <0.001	 0.055	 0.013‑0.236
miR‑146a (AG)	‑ 1.341‑	 0.319	 <0.001	 0.262	 0.140‑0.489

miR, microRNA.
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MS (7,33). The results of these former studies informed the 
hypothesis of the present study that the miR‑155 rs767649 
polymorphism may be associated with increased risk of MS.

Regarding the miR‑146a rs57095329 (A>G) polymor-
phism, the present study demonstrated for the first time that the 
mutated G allele confers protection against MS development in 
all genetic models. In addition, both univariate and multivar-
iate logistic regression analyses showed that the GG genotype 
is negatively associated with MS susceptibility. However, these 
data concerning miR‑146a contradict a previous study investi-
gating MS in the Chinese population, which concluded that the 
miR‑146a rs57095329 (A>G) polymorphism was not associ-
ated with MS (17). In addition, the present study contradicts 
the results of a study on another autoimmune disease which 
showed that an increased risk of systemic lupus erythematosus 
(SLE) in Chinese population was associated with the miR‑146a 
rs57095329 mutant allele (20). These disparities may be due to 
ethnic and possibly lifestyle differences in the studied popula-
tions, or due to the different nature of the studied disease in 
the case of SLE.

It was reported that the protein‑binding affinity of the tran-
scription factor Ets‑1 was decreased by the G allele of miR‑146a 
rs57095329, leading to reduced miR‑146a expression level in 
patients with SLE (20). Also, it was found that the G allele of 
miR‑146a rs57095329 was linked to the diminished expression 
of miR‑146a in patients with RRMS (17), patients with severe 
sepsis (34) even in healthy controls (20). Previous studies have 
reported that miR‑146a expression level was increased in MS 
and EAE lesions of mice and that this was associated with 
increased production of the MS related proinflammatory cyto-
kine IL‑17 by inhibiting the target gene IRAK1 (35,36). These 
previous studies, which concluded that increased miR‑146a 
was associated with MS risk and the mutant G allele was 
associated with decreased expression level, support the results 
of the present study showing that the miR‑146a rs57095329 
(A>G) polymorphism decreased miR‑146a expression level 
and was associated with a decreased risk of MS.

Previous studies have reported that MS is more preva-
lent in females compared with males  (37), therefore the 
present study evaluated the effect of miR‑155 rs767649 and 
miR‑146a rs57095329 on MS risk in both sexes. Notably, the 
miR‑155 rs767649 A>T polymorphism was associated with 
risk of MS in females, but not in males; however, miR‑146a 
rs57095329 A>G functioned as a defense polymorphism in 
both sexes. A previous study demonstrated that the estrogen 
induced immunomodulatory effects in MS ranged from 
anti‑inflammatory to pro‑inflammatory effects, based on the 
woman's reproductive age (38), therefore the sex‑dependent 
relationship observed in the present study between polymor-
phisms of miRNAs and MS susceptibility may be due to 
differences in endocrine profiles between males and females. 
It was previously shown that estrogen treatment increased 
miR‑155 expression level (39) and decreased the expression 
level of miR‑146a (40). Moreover, serum miR‑146a concen-
trations were lower in healthy postmenopausal women who 
used hormonal replacement therapy compared with their 
control non-using monozygotic twins (41). Therefore, females 
with miR‑155 rs767649 in the present study may be more 
susceptible to the development of MS compared with males 
possessing similar polymorphism; however, females with 

miR‑146a rs57095329 are less likely to develop MS compared 
with males carrying the same polymorphism.

The present study revealed that higher EDSS values were 
significantly associated with SPMS compared with RRMS. A 
recent study reported that a high EDSS value is one of the 
defining criteria for the diagnosis of SPMS (42). SPMS is 
the secondary stage of the disease developing within 15‑20 
years after the initial RRMS diagnosis, and is characterized 
by progressive deterioration of neurological functions with 
accumulating disability over time (25). This may explain the 
significant association between higher EDSS values and the 
SPMS subgroup compared with patients with RRMS.

Regarding miR‑155 rs767649, the AT/TT genotypes were 
significantly associated with higher EDSS values and the 
SPMS subtype. These findings were consistent with previous 
reports showing that the miR‑155 rs767649 T allele increases 
expression level of miR‑155 (18,19) subsequently enhancing 
miR‑155 activity  (43) and leading to worsened disability 
and neurological dysfunction (44), and this may underlie the 
association between SPMS and higher EDSS values (23,25).

There was a significantly higher prevalence of miR‑155 
rs767649 AT in the controls, and this was significantly asso-
ciated with an older age of onset. Additionally, as miR‑146a 
rs57095329 A>G was found to be protective in the present 
study, it was hypothesized that it may be associated with an 
older age of onset, lower EDSS scores and a less severe MS 
subtype (RRMS); however, the reverse was observed. These 
unexpected results may be due to a combination of differ-
ences in genetic susceptibility and environmental factors, 
both of which are implicated in MS causation. For example, 
previous studies have reported that environmental factors such 
as deficiency of vitamin D, Epstein Barr Virus infection and 
smoking may increase the risk of MS in genetically predis-
posed patients (3,4,5) as well as influence the expression levels 
of miR‑155 and miR‑146a (45‑47) and consequently impacting 
the activity, disability and subtype of patients  (43,44). 
Therefore, other functional polymorphisms of miR‑155 and 
miR‑146a genes should also be investigated to determine their 
association with susceptibility to MS.

In summary, both SNPs of the miR‑155 & miR‑146a 
investigated in the present study were associated with suscep-
tibility to MS and this knowledge may aid our understanding 
of the molecular mechanisms underlying the pathogenesis 
and progression of MS and in the diagnosis and develop-
ment of improved therapies for treatment of MS. The present 
study identifies potentially novel diagnostic biomarkers for 
MS susceptibility in the Egyptian population. Additionally, 
as miR‑155 rs767649 was associated with an increased 
female‑specific MS risk in the present study, this may be used 
as an additional biomarker for diagnosis. Previous studies have 
demonstrated that identifying MS risk or protective genes may 
have important implications on the parental transmission of 
MS (48). However, replication of the results of the present study 
in a larger cohort of patients with MS and healthy controls is 
required.

To the best of our knowledge, the present study is the first 
to report a positive association between miR‑155 rs767649 and 
miR‑146a rs57095329 polymorphisms with susceptibility to 
MS, particularly in females. Furthermore, the present study 
is the first to investigate the contribution of these two SNPs 
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to MS susceptibility in an Egyptian cohort. These results may 
improve our understanding of the clinical significance of the 
studied polymorphisms in the susceptibility to MS.

The present study had some limitation. First, due to the 
hospital‑based and case‑control nature of the study, selec-
tion bias was unavoidable. Second, there was a lack of data 
concerning other genetic and environmental risk factors 
contributing to MS development for these patients, therefore 
gene‑gene and gene‑environment interactions could not be 
assessed. Third, due to the small number of patients involved, 
the results of the present study need to be confirmed in future 
studies with larger cohorts, and the involvement of other 
functional polymorphisms in the studied genes should also be 
assessed.

In conclusion, miR‑155 rs767649 and miR‑146a rs57095329 
SNPs were associated with the risk of developing MS in an 
Egyptian cohort, particularly in females. miR‑155 rs767649 
was associated with an increased risk of MS and miR‑146a 
rs57095329 was associated with a decreased risk. These novel 
findings may be clinically significant and highlight the role 
of miR‑155 and miR‑146a in the pathogenesis of MS, with 
possible therapeutic implications.
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