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Abstract
Background: MicroRNAs (miRNAs) affect the differentiation and function of in�ammatory cells. In addition, miRNAs can regulate the expression of pro-
in�ammatory genes in neuron cells. Therefore, the relationship between the expression of miRNAs and in�ammatory markers in the cerebrospinal �uid of
individuals with multiple sclerosis was investigated.

Methods: RT-PCR determined the expression levels of MiR-21, MiR-155, Mir-182, and Mir-437 in CSF samples from patients with multiple sclerosis (MS) and
the control group. The levels of the in�ammatory cytokines IL -1β, IL -6, and TNF-α in CSF were measured by ELISA. The level of high-sensitivity C-reactive
protein (hs-CRP) was measured by the quantitative turbidometric technique.

Results: The expression of miRNAs and in�ammatory factors were higher in the CSF of patients with MS than in the control group, and this difference was
signi�cant (P <0.05). The results of Receiver Operating Characteristics (ROC) analysis show that the area under the curve was obtained for miRNA-21 (AUC =
0.97, P <0.0001), miRNA-182 (AUC = 0.97, P <0.0001), and miRNA-155 (AUC = 0.96, P <0.0001). The highest rate of correct diagnoses of MS was associated
with miRNA-155 in CSF. The relationship between in�ammatory cytokines and miRNA-21, miRNA-155, and miRNA-182 was statistically signi�cant, but there
was an indirect and moderate correlation between miRNA-437 and hs-CRP, which were also statistically signi�cant.

Conclusion: Our results showed that the CSF levels of IL -1β, IL -6, TNF-α, and hs-CRP, and selected miRNAs, serve as biomarkers of central nervous system
(CNS) in�ammation and neurodegenerative processes in patients with MS.

Background
MS is one of the autoimmune diseases in which a lack of immune defense is one of the main problems in the human CNS. Despite the lack of understanding
of the exact involvement of the immune system in disease, there are still many critical elements [1, 2]. These include the immunological inability to distinguish
self from non-self, persistent CNS in�ammation, and sudden changes in adaptive immunity. Gray matter diseases contribute to developing disability in MS.
Demyelination, neuronal loss/atrophy, and decreased synapse or glial density contribute to their development [3]. Microglia and astroglia are activated by
invading T cells and contribute to these synaptic and neuronal changes [4].

Cerebrospinal �uid (CSF) is necessary to maintain brain tissue’s chemical stability and eliminate metabolic toxins and waste products. Therefore, the
molecular composition of CSF is like that of the brain. CSF analysis is a potential source of novel biomarkers for neurodegenerative diseases. It allows direct
assessment of speci�c in�ammatory processes in the CNS and detecting immunological pattern changes associated with disease progression [5].
Additionally, in�ammatory markers such as interleukin-1, interleukin-6, TNF- and CRP have been detected in the CSF of individuals with MS [6, 7]. Cytokines are
necessary for activating the immune system and are involved in the development and maintenance of an in�ammatory milieu. Cytokine pro�les in the CSF of
patients with MS are limited and inconsistent [8]. Numerous studies indicate that sera from MS patients have elevated levels of IL-6. However, studies suggest
no quantitative change compared to control groups or only minor signs [9–11]. During relapses and in association with existing neurological impairment, the
serum of MS patients with relapsing-remitting disease has elevated IL-6 [12, 13].

CRP is one of many acute-phase reactants released by liver tissue in response to injury, infection, or in�ammation when various stimuli activate speci�c
receptors for the cytokins interleukin-1 and interleukin-6 [14, 15]. In many studies, CRP levels were determined in the blood of people with different clinical
subtypes of MS that had the typical and characteristic pathophysiology at the time of sampling; for example, plasma and serum levels of the protein were
measured in patients with clinically undifferentiated MS and during relapsing-remitting disease and were within the reference range during remission and the
progressive phase of the disease [16, 17]. Elevated blood protein levels have been found in individuals with relapsing-remitting MS during clinical remission,
primary and secondary progressive states, and even in pregnant women with MS [18, 19]. Therefore, further studies are needed to determine the cytokine
pro�le in CSF and its role in the pathogenesis of MS. MicroRNAs (miRNAs) are short non-coding RNAs that are 18-25 nucleotides in length. They are
synthesized as primary miRNAs from DNA sequences and then further processed into precursor and mature miRNAs. MiRNAs with good or near-perfect
complementary binding to their target mRNAs negatively affect gene expression by promoting mRNA degradation or decreasing mRNA translation [20]. All
body �uids and tissues and most cell types contain microRNAs [21, 22].

The molecular mechanisms behind in�ammation-induced synaptopathy are largely unclear. MiRNAs exert control over various physiological and pathological
processes by post-transcriptionally repressing messenger RNAs (mRNAs) and are good candidates for in�ammatory synaptic damage [23]: MicroRNAs
in�uence in�ammatory cell differentiation and function. MiRNA-182 is a transcription factor that regulates FOXO1 expression in T cells and affects cell
differentiation and activation. Additionally, miRNA -21 promotes T cell progression to Th1, IFN production, and Foxp3 expression. In astrocyte cells, miRNA-
155 controls the expression of pro-in�ammatory genes [24]. MiRNA -155 expression was detected in reactive astrocytes in MS lesions [25]. Suppression of
miRNA -155 increases the pro-in�ammatory cytokine IL-1 [26].

Considering the crucial importance of MS and the lack of effective treatment, correct diagnosis, and prognosis, it is essential to investigate and discover the
pathogenic molecular pathways in MS. This study aimed to investigate the relationship between the expression of miRNA-21, miRNA-155, miRNA-182, and
miRNA-437 and in�ammatory markers in the cerebrospinal �uid of people with multiple sclerosis.

Methods

Sample selection
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This research is a case-control study approved by the Tabriz University of Medical Sciences' Local Ethics Committee IR. TBZMED. REC.1399. 765.Each
participant completed a written informed consent form, indicating that they were aware of the risks. Fifty subjects were selected for this study from Razi
Hospital (Tabriz, Iran) and specialized and subspecialized clinics at Tabriz University of Medical Sciences under the supervision of a neurologist. The control
group was selected from the subjects whose biochemical and CSF Analysis with MRI results was normal. MS patients were diagnosed by an experienced
neurologist using standard serum and CSF biomarkers. The McDonald criteria were used to interpret the MRI �ndings [27]. The study focused on individuals
with relapsing-remitting multiple sclerosis (RRMS). Twenty-�ve patients (12 males and 13 females) were enrolled in the case group, while 25 subjects (10
males and 15 females) were enrolled in the control group. Questionnaires were used to collect demographic data such as age, sex, age of onset, disease
duration, and therapy. (Table 1). As a control group, we used the remaining normal CSF from healthy subjects with no history of neurodegenerative disease,
speci�cally MS, with normal biochemical and MRI �ndings. Confounding factors were excluded much, such as chronic diseases like liver, kidney and diabetes,
infectious diseases, cancer, allergies, diseases based on immunity, use of immunosuppressive drugs (corticosteroids), use of dietary supplements and
smoking. It contains vitamins C, E, selenium, beta-carotene, and Q-10 during the last 3 months and causes blood diseases and heart problems during
strenuous physical activity.

Sampling
According to established CSF collection protocols, immediately after lumbar puncture, to extract cell-free CSF, CSF was centrifuged at 400 g for 15 min. CSF
and RNA were extracted from cell-free cultures and stored at 80°C until all RNA was extracted [27].

Analysis of circulating miRNAs

Circulating RNA extraction and puri�cation
Total RNA of CSF was isolated according to the manufacturer's instructions using the mirVana PARIS Isolation Kit (Applied Biosystems). In the procedure, a
denaturing solution was diluted 2 to one with 300 µL CSF. An equal amount of acid phenol and chloroform was then mixed. The aqueous phase was collected
after centrifugation and combined with 100% ethanol on a �lter cartridge. It was then washed thrice with 40 µL of nuclease-free water.

Circulating miRNA RT and pre-ampli�cation
In this study, reverse transcription was performed with a constant volume of 3 µL of total pure DNA. Following the published results, seven hundred �fty-four
miRNAs were isolated from CSF samples and prepared using the TaqMan miRNA Reverse Transcription Kit from Applied Biosystems and Multiplex RT assays
(Human Pool Sets A and B). We used TaqMan PreAmp Master Mix and Megaplex PreAmp primers from Applied Biosystems (Human Pool Sets A and B) to
amplify our RT products for CSF analysis. All methods were sensitive and accurate, and each was repeatable and precise.

Analysis of individual miRNAs with TaqMan hydrolysis probes
Individual TaqMan hydrolysis probes (Applied Biosystems) were used to assess circulating miRNA candidates in the validation samples. The expression of
each gene was determined by real-time PCR on a Light-Cycler® 480 real-time PCR instrument from Roche Diagnostics (Germany). The most stable miRNA
was selected to normalize expression levels (miRNA-17).

Measurement of in�ammatory cytokines
In�ammatory cytokines, IL -1β, IL -6, and TNF-α, CSF levels were determined by ELISA according to the instructions of Elabscience Biotechnology Inc. (Cat. No.
E–EL–H0149, China), Boster Biological Technology Inc. (Cat. NO. EK0410, USA) and Abcam (Cat. NO. ab181421, USA) kits, respectively. The level of hs-CRP
value was determined by the quantitative turbidometric method

Statistical Analysis
Frequency and percentage were used to represent qualitative data, whereas the mean and standard deviation was used to describe quantitative data. The One-
Sample Kolmogorov-Smirnov Test was used to examine the normal distribution of the quantitative data. Because the age distribution between the case and
control groups was normal, the t-test was used to compare the mean age of subjects between the case and control groups. Because of the abnormal
distribution of data related to the biomarkers of microRNAs and in�ammatory factors in CSF, the Mann–Whitney test was used to evaluate the levels of these
biomarkers between case and control groups. The Spearman test was used to evaluate the relationship between the expression of microRNAs and
in�ammatory factors in CSF. ROC analysis was also used to evaluate the diagnostic power of microRNA biomarkers in patients with MS. Statistical analysis
was performed using SPSS software version 23, and Graph Pad Prism version 8 was used to draw graphs.

Results

Characteristics of the subjects
Of the 50 samples studied, 25 samples were from patients with MS, and 25 were from the control group. The number of women (n = 14, 56%) and men (n = 11,
44%) was equal in both groups. The mean age of the subjects of the case group was 35.8± 4.4 years, and in the control group, it was 33.4 ± 0.4 years, and the
observed difference was not signi�cant (P > 0.05). The mean age of onset of MS of the case group was 31.8± 3.8 years (minimum 27 and maximum 40)
years, and the mean disease duration was 3.9 ± 1.4 (minimum 2 and maximum 6) years. Of the 25 patients with MS, 17 (68%) were treated with medication,
and 8 (32%) were not treated.

In�ammatory cytokines concentrations in CSF
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As shown in Figure 1, there were signi�cant differences in CSF levels of the in�ammatory cytokines IL–1β, IL-6, and TNF-α and hs-CRP between the case and
control groups.

According to the results of Table 2, the expression of microRNAs and in�ammatory factors was higher in the CSF of patients with MS than in the control
group, and this difference was signi�cant (P <0.05) (Tables 1, Figure 1).

Table 1
Biochemical characteristics and miRNA expression between case and control

groups
variable Case (n=25) Control (n=25) P-value*

Median Q1-Q3 Median Q1-Q3

IL-6(pg/mL) 13.40 12.90–14.30 0.90 0.50–1.10 <0.0001

IL‐1β(Pg/mL) 72.20 71.10–74.95 5.50 4.55–6.20 <0.0001

TNF-α (pg/mL) 4.60 4.45–4.90 1.90 1.60–2.15 <0.0001

hs-CRP (mg/L) 5.90 5.50–6.25 1.70 1.60-1.90 <0.0001

miRNA-21 0.05 0.04–0.06 0.02 0.01-0.03 <0.0001

miRNA-155 0.05 0.04–0.06 0.02 0.01-0.03 <0.0001

miRNA-182 0.06 0.05-0.07 0.03 0.02–0.35 <0.0001

miRNA-437 0.05 0.04–0.06 0.04 0.03-0.06 0.047

*Mann-Whitney u test was used.

ROC curve Analysis
The ability of microRNAs to diagnose multiple sclerosis was evaluated using ROC analysis. The results show that the highest area under the curve was
obtained for miRNA-21 (AUC = 0.97, P <0.0001), miRNA-182 (AUC = 0.97, P <0.0001), and miRNA-155 (AUC = 0.96, P <0.0001), respectively. Based on the high
values under the curve, it can be concluded that these biomarkers have excellent performance in distinguishing people with MS from people without MS. The
highest rate of correct diagnoses of MS compared with incorrect diagnoses (LR + = 17) was associated with miRNA-155 at values above 0.045 in CSF (Table 2
and Figure 2).

Table 2
Predictive potential of selected miRNAs as biomarkers for patients with MS.

AUC SE 95% CI P-value Cut off value Sensitivity Speci�city LR+ LR_

miRNA-21 0.97 0.02 0.92 to 1.00 <0.0001 >0.035 0.92 0.88 7.67 0.090

miRNA-155 0.96 0.02 0.91 to 1.0 <0.0001 > 0.045 0.68 0.96 17 0.045

miRNA-182 0.97 0.02 0.93 to 1.0 <0.0001 > 0.045 0.88 0.92 11 0.13

miRNA-437 0.66 0.08 0.51 to 0.81 0.0535 > 0.065 0.80 0.96 2 0.2

AUC: area under the curve; CI: con�dence interval; LR+: positive likelihood ratio; LR−: negative likelihood ratio.

Differentially expressed miRNAs in MS patients and control groups
As shown in Figure 3, the statistical signi�cance of the groups was evaluated based on the altered expression of 4 miRNAs found in the CSF samples. The
groups showed a signi�cant increase in the expression of miRNA-21, miRNA-155, miRNA-182, and miRNA-437.

Correlation between miRNAs and in�ammatory cytokines in cerebrospinal �uid.
When the relationship between the levels of in�ammatory cytokines and microRNAs in the CSF of the entire population studied (case and control combined, n
= 50) was examined, the results showed that the relationship between in�ammatory cytokines and miRNA-21, miRNA-155, and miRNA-182 was statistically
signi�cant (Figures 4, 5, 6, and 7), but between miRNA-182 and TNF-α between case and control patients (r = 0.42, P = 0.04), there was a direct and moderate
correlation. There was an indirect and moderate correlation between miRNA-437 and hs-CRP (r =–0.47, P = 0.02), which were also statistically signi�cant
(Table 3 and Figure 8).

Table 3. The correlation between expression levels of miRNAs and in�ammatory factors of IL6, IL‐1β, TNF-α, and hs-CRP in the CSF of patients with MS and
control groups.
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  miRNA-21 miRNA-155 miRNA-182   miRNA-437

Control Case Control Case Control Case Control Case

  r P
value*

r P
value*

r P
value*

r P
value*

r P
value*

r P
value*

r P
value*

r P
value*

IL-6(pg/mL) 0.01 0.96 0.20 0.33 -0.25 0.23 -0.18 0.38 0.35 0.09 -0.17 0.42 -0.02 0.90 -0.05 0.83

IL‐1β(Pg/mL) 0.26 0.21 -0.07 0.75 -0.12 0.56 0.07 0.72 -0.01 0.99 0.22 0.28 -0.06 0.77 -0.02 0.91

TNF-α
(pg/mL)

0.18 0.37 -0.06 0.79 -0.47 0.02 -0.21 0.32 0.04 0.83 -0.47 0.02 -0.36 0.08 -0.12 0.57

hs-
CRP(mg/L)

-0.45 0.02 -0.26 0.21 0.27 0.19 0.08 0.71 0.03 0.90 -0.08 0.69 -0.02 0.94 0.42 0.04

 *Spearman test was used.

 

Discussion
We evaluated the effect of miRNAs on in�ammatory factors, including IL-1β, IL-6, TNF-α, and hs-CRP, in developing MS. Analysis of miRNA dysfunction and
changes in in�ammatory factors can help better understand the cause of MS and new alternative methods of diagnosing and treating the disease. This study
found that the association between IL-1β, IL-6, TNF-α, and hs-CRP and miRNAs that are involved in developing MS. We selected several miRNAs to investigate
their association with in�ammatory factors: miRNA-21, miRNA-155, miRNA-182, and miRNA-437. We examined the levels of IL-1β, IL-6, TNF-α, hs-CRP, and
miRNAs in the cerebrospinal �uid of MS patients and healthy individuals.

Studies have examined the expression of miRNAs in cell-free cerebrospinal �uid [28–30], a biological �uid re�ecting events in the central nervous system.
However, no study has examined the association with active multiple sclerosis lesions. The differential miRNA expression in CSF from MS patients is a
valuable indication of CNS in�ammation. One study discovered miRNAs in the CSF and serum of dogs having neurological disorders. It was found that
microRNA-21 levels in the CSF of dogs with MUO were higher than in dogs with OND and normal CSF NCC [31]. Fenoglio et al. discovered that miRNA-21 was
overrepresented in the PBMCs of patients with recurrent MS compared to control subjects. They hypothesized that this increase occurs entirely in the acute
phase of MS and provides to producing and controlling CD4+ T cells involved in the in�ammatory processes affecting the central nervous system associated
with MS [32, 33]. miRNA-21 is involved in T cell activation and death, Treg cell activity and growth, and Th17 cell differentiation [34]. miRNA-155 is an
essential regulator of in�ammation and contributes to the modulation of the autoimmune response in MS. miRNA-155 is involved in Blood-Brain Barrier (BBB)
breakdown under in�ammatory conditions by downregulating critical junctional proteins [35]. Additionally, one study found that MS patients had higher
expression of miRNA-182-5p than the control group [36]. Another study found that individuals with depression had increased miRNA-182-5p expression in
blood [37]. These results con�rm our observations.

Changes in miRNAs in CSF re�ect changes in miRNAs in diseased brain tissue more accurately than changes in blood or postmortem brain samples [38]. This
event can be explained by one of 2 different mechanisms: (1) Due to the inherent di�culties in sampling brain tissue in vivo, miRNA expression in human
research is predominantly studied using postmortem samples. However, prolonged postmortem delay and previous drug use affect the study of postmortem
brain tissue;(2) Peripheral blood cannot accurately represent the gene expression level in the brain. Because the brain is closely related to the CSF, CSF markers
allow the discovery of new CNS biomarkers. Wan et al. identi�ed several miRNAs in cerebrospinal �uid (CSF) from patients with MDD [39, 40]. Results showed
that the relationship between in�ammatory cytokines and miRNA-21, miRNA-155, and miRNA-182 was statistically signi�cant. Still, between miRNA-182 and
TNF-α between case and control patients, there was a direct and moderate correlation. There was an indirect and moderate correlation between miRNA-437
and hs-CRP, which were also statistically signi�cant. MiRNA-155 is an essential regulator of in�ammation and contributes to the modulation of the
autoimmune response in MS. Emerging evidence suggests that neuropathic pain is a neuro-immune dysfunction associated with increased immune system
activity. miRNA-155 has a well-characterized effect on in�ammatory variables associated with neuropathic pain, including interleukin-1, interleukin-6, TNF-, NF-
B, and p38 mitogen-activated protein kinase (MAPK) [41–43]. The miRNA-155 expression has been increased in the prefrontal cortex of rats suffering from
in�ammatory pain [44]. MicroRNAs affect the differentiation and function of in�ammatory cells. MiRNA-182 is a transcription factor that regulates FOXO1
expression in T cells and in�uences cell differentiation and activation. Additionally, miRNA-21 promotes T cell progression to Th1, IFN production, and Foxp3
expression. In astrocyte cells, miRNA-155 controls the production of pro-in�ammatory genes [24]. In our study, an increase in miRNA-155 was associated with
an increase in in�ammatory variables. Further results revealed a statistical relationship between pro-in�ammatory cytokines and miRNA-182 and miRNA-437.
Our results suggest that these microRNAs could be used as therapeutic targets in the future.

Many studies have shown that miRNA-21 plays a critical role in terminating in�ammation and negatively limits the pro-in�ammatory response elicited by
many of the same triggers that increase miRNA-21. In macrophages, miRNA-21 is a critical modulator of the anti-in�ammatory response [45]. In individuals
with Gd+ MS, a steady increase in miRNA-21 was observed over time. There was a positive correlation between this increase and the frequency of Gd+ lesions
and neuro�lament light chain (NF-L) concentration [46]. However, Yang et al [47]. demonstrated that mice lacking miRNA-21 had worse survival rates, more
severe cardiac dysfunction, and more extensive infarct and scar regions after myocardial infarction) (MI) compared with WT mice. MiRNA-21 knockout mice
had higher levels of pro-in�ammatory cytokines such as IL-1, IL-6, and TNF–in cardiac tissue and increased in�ltration of CD11b+ monocytes/macrophages
with pro-in�ammatory cytokine production. In our study, miRNA-21 expression was increased in the CSF of MS patients. This increase in expression increased
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the level of in�ammatory factors. Comparison of the results of our study with other studies showed that changes in miRNA-21 expression are different in
different tissues and diseases.

The results of ROC analysis show that the highest area under the curve was obtained for miRNA-21 (97), miRNA-182 (97), miRNA-155 (96), and miRNA-
437(66). Based on the high values under the curve, it can be concluded that biomarkers have excellent performance in distinguishing people with MS from
people without MS. They can be used to follow the healing process [48]. Which miRNAs were associated with the highest rate of correct MS diagnoses
compared with misdiagnoses? MiRNA-155 in CSF was associated with the highest percentage of accurate MS diagnoses compared with misdiagnoses.

Conclusion
Patients with multiple sclerosis have increased expression of miRNAs such as miRNA-21, miRNA-155, miRNA-182, and miRNA-437 and in�ammatory markers
in cerebrospinal �uid (CSF). Increased expression of miRNA-21, miRNA-155, miRNA-182, and miRNA-437 in CSF decreases neuroprotective activity, which may
be due to the immune system switching to in�ammation through the production of IL -1, IL -6, TNF-, and hs-CRP. An increase in some miRNAs, including
miRNA-21, miRNA-155, miRNA-182, and miRNA-437, may contribute to the maintenance of chronic in�ammation in MS. Our results suggest that the levels of
IL–1β, IL-6, TNF-α, and hs-CRP, and selected miRNAs in CSF, serve as biomarkers of CNS in�ammation and neurodegenerative processes in patients with
multiple sclerosis.
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Figure 1

Median and interquartile range (IQR: Q1-Q3) of CSF concentrations of IL6 (a), IL–1β (b), TNF-α (c), and hs-CRP (d) between case (patients with MS) and
control groups.
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Figure 2

ROC curve analysis for miRNA-21 (a), miRNA-155 (b), miRNA-182 (c), miRNA-437 in MS patients.
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Figure 3

Differentially expressed miRNAs. Dot plots for the normalized value of miRNA-21 (a), miRNA-155 (b), miRNA-182 (c), and miRNA-437 in the case (MS patients)
and control groups. The line indicates the median, and the Mann-Whitney U test was used to determine statistical differences between groups.

Figure 4
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The correlation between the expression levels of miRNA-21 and the in�ammatory factors IL6 (A), IL–1β (B), TNF-α (C), and hs-CRP (D) in CSF. rs=. Rho
Spearman

Figure 5

The correlation between the expression levels of miRNA-155 and the in�ammatory factors IL6 (A), IL–1β (B), TNF-α (C), and hs-CRP (D) in CSF. rs=. Rho
Spearman

Figure 6
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correlation between the expression levels of miRNA-182 and the in�ammatory factors IL6 (A), IL–1β (B), TNF-α (C), and hs-CRP (D) in CSF. rs=. Rho Spearman

Figure 7

The correlation between the expression levels of miRNA-437 and the in�ammatory factors IL6 (A), IL -1β (B), TNF-α (C), and hs-CRP (D) in CSF. rs=. Rho
Spearman

Figure 8

signi�cant correlation between the expression levels of miRNA-437 and miRNA-182 with the in�ammatory cytokines TNF-α and hs-CRP in the CSF of patients
with MS. rs= Rho Spearman


