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Abstract 

Background: Multiple Sclerosis (MS) is an inflammatory, demyelinating and neurodegenerative disease. 
In this study, we investigated serum protein levels of Interleukin-13 (IL-13) and Interleukin-22 (IL-22) 
cytokines. These cytokines play an important role in the generation and regulation of the inflammatory 
response, which is the pathogenesis of MS, and are potential biomarkers for monitoring therapeutic 
response. cytokines may play a role in the development of MS lesions. Methods: The study included 
66 MS patients and 22 healthy individuals. IL-13 and IL-22 cytokine protein levels were measured 
by ELISA from peripheral blood serum samples collected from the participants. Patient demographics 
and treatment history data were also collected. Results: IL-13 and IL-22 parameters were lower in MS 
patients compared to the control group. There was a significant difference between the patient and 
control groups in terms of IL-13 (p<0.001). Although the mean IL-22 level of the control group was 
higher than the patient group, the difference did not reach a significant level (p: 0.257).
Conclusion: The results of the study suggest that IL-13 and IL-22 cytokines play an important role in 
the pathogenesis of MS and are affected by fingolimod and glatiramer acetate treatment.
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INTRODUCTION

Multiple Sclerosis (MS) is an inflammatory, 
demyelinating, and neurodegenerative disease 
that predominantly affects young adults. Myelin 
sheaths, oligodendrocytes, and to a lesser extent, 
axon and nerve cell damage have been reported in 
MS.1 It is the most common cause of non-traumatic 
disability in young adults, affecting more than 
2.5 million worldwide.2 MS, similar to other 
autoimmune diseases, is more prevalent in women. 
In its most common form, relapsing-remitting 
MS (RRMS), the male-to-female ratio has been 
reported to be approximately 1:2–3. MS typically 
exhibits clinical features that progress through 
acute attacks, presenting with symptoms such as 
optic neuritis, diplopia, sensory impairment, motor 
weakness, ataxia, and vertigo. Some patients can 
transition to a progressive form of the disease 

after 10–20 years of illness.3

 Although the exact etiology of the disease 
remains uncertain, there is substantial evidence 
suggesting that the immune system plays a crucial 
role in its pathogenesis. Cytokines are pivotal 
in regulating the immune system and numerous 
immune signaling centers are involved in 
maintaining the balance between inflammatory and 
anti-inflammatory cytokines.4 Several cytokines 
play a role in the pathogenesis of MS. IL-13 
belongs to the major anti-inflammatory cytokine 
family and is effective in inhibiting the production 
of pro-inflammatory cytokines or counteracting 
the biological effects of pro-inflammatory 
mediators.5,6 In an experimental study, IL-
13 has been shown to play a neuroprotective 
role in MS.7 IL-22 has been associated with 
chronic inflammation. Interestingly, despite its 
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inflammatory role in autoimmune diseases, IL-22 
also exhibits a protective function in preventing 
inflammation in other diseases.8,9 IL-22 disrupts 
the integrity of the blood brain barrier, enabling 
lymphocyte entry into the CNS, raising the 
possibility that this cytokine may contribute to 
MS severity.10 In an experimental study on MS, 
it was shown that IL-22 inhibitor receptor protein 
exacerbated the disease course. Based on this, it 
has been suggested that IL-22 cytokine may have 
an anti-inflammatory function in MS.11

 M a n y  i m m u n o m o d u l a t o r s  a n d 
immunosuppressive drugs are used in the 
treatment of MS. Currently, glatiramer acetate 
(GA) is used as an immunomodulatory drug in 
first-line therapy and is effective for both innate 
and acquired immunity.12 GA clinically reduced 
the frequency of attacks by 29–32% in patients 
with RRMS, and radiological effects have 
been shown to reduce new lesion development 
and lesion burden.13 Fingolimod (FTY720) is 
an immunosuppressive drug used in second-
line therapy. Lymphocytes activated by the 
sphingosine-1 phosphate signal in the immune 
system are prevented from leaving the lymph 
node.14 Besides its anti-inflammatory effects, the 
neuroprotective effects of fingolimod are well 
documented.15 With the use of fingolimod, there 
was no progression in disability in almost 90% of 
patients, and the 2-year recurrence rate decreased 
by more than 90% compared to baseline.16 

 The role of IL-13 and IL-22 cytokines in 
MS pathogenesis and their potential to be used 
as biomarkers to test prognosis and treatment 
efficacy in patients receiving FTY720 or GA are 
unknown. The main aim of this study is to reveal 
the possible relationship.

METHODS

Study design and participant selection

Our research included 66 patients who were 
diagnosed with RRMS, according to the 2017 
Revised McDonald criteria, who applied to 
the Neurology Department at Dicle University 
Medical Faculty Hospital between March 29, 2020 
and June 25, 2020. MS patients are divided into 
three equal groups according to treatment status. 
Group F consisted of patients using FTY720 for at 
least 6 months, while group G consisted of patients 
using GA for at least 6 months. Patients who did 
not use any preventive drug therapy constituted 
the untreated patients (UP) group. Groups F, G 
and UP consisted of 22 patients. Twenty two 
healthy individuals without any chronic disease 

were recruited for the control group. The control 
group was selected from hospital health workers 
and students who met the inclusion criteria. Those 
with another chronic disease, those who received 
exacerbation treatment within the last month, those 
outside the age range of 18–55, and other forms 
of progressive MS were excluded from the study. 
All patients underwent a detailed neurological 
examination 30 minutes before blood collection, 
and the EDSS score was calculated. Gender, age 
at onset of the first attack, duration of disease, 
duration of drug use, total number of attacks in 
the last year, oligoclonal band (OCB) positivity, 
and IgG index of all patients were recorded. 
 Cranial and spinal MRIs taken in the last year in 
MS patients included in the study were examined, 
and it was determined whether there were lesions 
in the periventricular, cortical/juxtacortical, 
infratentorial, and medulla spinalis regions, which 
are 4 regions specified in McDonald’s 2017 spatial 
extension criteria, and the total number of involved 
regions was recorded. The study was approved by 
the local ethics committee and written informed 
consent was obtained from all participants.

Assessment of therapeutic efficacy

For RRMS patients on modifying medication, the 
treatment was considered therapeutically effective 
if there were no attacks within the last 6 months, 
if the baseline EDSS score was 0 and there was an 
increase of <1.5 points, or if the baseline EDSS 
score was ≥1 and there was an increase of <1 
point, or if the baseline EDSS score was >5 and 
there was an increase of <0.5 points at 6 months.17 

Materials and study method

All experiments within the scope of the study 
were performed at the Dicle University Science 
and Technology Application and Research Center 
(DUBTAM).

Serum isolation from peripheral blood and 
measurement of IL-13 and IL-22 by ELISA method

Three ml of venous blood obtained from MS 
patients and healthy individuals was taken into 
serum tubes. After waiting for 30 minutes, the 
blood samples were centrifuged at 2000 x g for 15 
minutes (Thermo Scientific SL8, Waltham, USA), 
and the serum samples were stored at -80 °C until 
an ELISA was performed. IL-13 (Sunredbio kit) 
and IL-22 (Elabscience® kit) cytokine levels in 
serum were measured using ELISA kits. ELISA 
experiments were performed according to the 
manufacturer›s instructions. The sensitivity for 
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IL-13 is 0.413 pg/mL, while the sensitivity for IL-
22 is 9.38 pg/mL. The absorbance was measured 
at 450 nm with a plate reader spectrophotometer 
(Multi Scan Go, Thermo).

Statistical analysis

Version 25.0 of the SPSS (Statistical Package 
for the Social Sciences, Chicago, IL, USA) 
software was used for statistical analysis of the 
data. Either Chi-squared test or Mann–Whitney 
U test was used to compare measures between 
two groups, where appropriate. One-way ANOVA 
or Kruskal–Wallis test was used for comparisons 
between three or more groups, where appropriate. 
Pearson and Spearman correlations were used 
and the correlation coefficient was indicated as 
‘r’. The results were evaluated within the 95% 
confidence interval and p<0.05 was defined as 
statistically significant.

RESULTS

A total of 88 participants (60 women and 28 men) 
were included in the study and the patients with 
MS group consisted of 66 people (45 women and 
21 men). The mean age of the patient group was 
31.53 years and the mean disease duration was 
56.05 months. The mean age at onset of the first 
attack was 26.77 years, with a minimum of 14 and 
a maximum of 47 years. The main characteristics 
of the study groups shown in Table 1.

 It was determined that there was a significant 
difference in terms of IL-13 levels between the 
patient and control groups (p<0.001). The mean 
IL-13 levels in the control group (52.5±28.33 pg/
mL) were significantly higher than the levels in the 
patients (29.22±26.27 pg/mL). Although the mean 
IL-22 levels of the control group (13.73±20.08 
pg/mL) were higher than those of the patient 
group (3.06±3.05 pg/m), the difference was not 
significant (p: 0.257) (Table 2).
 When the groups were compared within 
themselves, no significant difference was found 
between the MS patients for IL-13 levels 
compared to the treatment groups. While IL-
22 levels were determined to ‘too low to be 
detected’ (close to zero or zero) in 71 (80.7%) 
of 88 individuals, IL-22 levels could be detected 
as above zero in only 17 individuals. Of these 17 
individuals, 3 were from group G, 4 were from 
group F, 7 were from the MS group, and 3 were 
from the control group. When the individuals 
were compared according to their groups, IL-22 
levels were highest in the control group (mean 
13.73±20.08 pg/mL), followed by the G group 
(3.80±4.75 pg/m) and the MS group (3.09±3.08 
pg/mL). Group F (mean 2.24±1.69 pg/mL) had 
the lowest IL-22 level. There was no significant 
difference between the groups in terms of mean 
IL-22 levels (p = 0.714) (Table 3).
 In the evaluation made according to the gender 
of the participants, while the mean IL-22 level 

Table 1: Gender, Mean age, age at the first attack, duration of disease, and EDSS scores of study groups

 Gender 
(F/M)

Age (year), 
(Mean±SD)

BMI, 
(Mean±SD)

Age at First 
Attack (Year), 

(Mean±SD)

Duration 
of Disease 
(month) 

(Mean±SD)

EDSS Score, 
(Mean±SD)

UP Group 15/7 29.34±7.82 23.4±3.5 26.17±5.86 32.24±39.54 1.54±0.56
F Group 16/6 33.6±8.70 24.3±3.0 27.08±6.94 81.04±34.06 2.62±1.24
G Group 14/8 32.6±9.16 23.7±3.6 27.92±8.21 55.36±35.17 1.96±1.18
Control 
Group 15/7 32.28±8.16 24.0±4.5 --- --- ---

Total 60/28 31.75 23.9±3.6 26.77 56.05 2.04

G: Glatiramer acetate, F: Fingolimod, MS: MS patients without treatment, EDSS: Expanded Disability Status Scale, 
SD: Standart Deviation, BMI: Body Mass Index

Table 2: Comparison of the parameters examined in the MS patients and control group examined in 
the study according to the patient and control groups

 Patient Group (n: 66), 
Mean ± SD

Control Group (n: 22), 
Mean ± SD

P value

IL-13, pg/mL 29.22 ± 26.27 52.5 ± 28.33 0.001
IL-22, pg/mL 3.06 ± 3.05 13.73 ± 20.08 0.257
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Table 3: Distribution of IL-13 and IL-22 cytokine levels by groups

 G Group 
(n: 22)

F Group
(n: 22)

UP Group
(n: 22)

Control Group
(n: 22)

p value

IL-13 33.25 pg/mL 20.79 pg/mL 33.62 pg/mL 52.5 pg/mL 0.001
IL-22 3.80±4.75 pg/mL 2.24±1.69 pg/mL 3.09±3.08 pg/mL 13.73±20.08 pg/mL 0.714

of 7 male individuals in the control group was 
6.58±16.33, the mean IL-22 levels in men with 
MS (n = 21) were found to be 0.23±0.75 pg/mL. 
When the two groups were compared, although 
IL-22 production was significantly higher in men 
in the control group, the difference could not reach 
a significant level (p: 0.321). In the evaluation for 
women, the mean IL-22 level was found to be 
3.48±3.32 pg/mL in women with MS (n = 45), 
while this value was determined to 4.44±4.74 in 
controls. When the two groups were compared, 
although IL-22 levels were found to be higher in 
women in the control group, the difference was not 
significant (p = 0.830). Among the participants, 
18 were smokers and 70 were non-smokers. IL-13 
levels were similar in the two groups (p: 0.123).  
 When the treatment effectiveness was 
evaluated, it was determined that the treatment 
was effective in 19 of the 22 patients in the G 
group, while the treatment effectiveness was 
low in 3 patients. There was no significant 
difference in IL-13 levels between patients with 
effective treatment and those with low treatment 
effectiveness (p = 0.094). While treatment was 
found to be effective in 17 of 22 patients in group 
F, treatment effectiveness was found to be low in 
5 patients. There was no significant difference in 
terms of IL-13 levels between patients who were 
treated effectively and those who were not (p = 
0.493). Since the efficacy of treatment was good 
in all the patients in the G group (n:3) and F group 
(n:4) with IL-22 levels, no statistical comparison 
was made between the treatment efficacy and 
IL-22 levels.
 When the first attack complaints of the patients 
were analysed, mean IL-13 and IL-22 values were 
similar in 26 patients with paresthesia, 20 patients 
with ON, 8 patients with vertigo, 8 patients with 
diplopia and 4 patients with paresis (p values 
were 0.074 and 0.601, respectively). When the 
history of attacks in the last year was analysed, 38 
patients had no attacks, 24 patients had only one 
attack and 4 patients had two attacks. When the 
groups were compared according to the number 
of attacks, IL-13 and IL-22 cytokine levels were 
found to be similar (p value for IL-13: 0.428, p 
value for IL-22: 0.250).

 In this study, a significant, negative and 
moderately strong correlation was found between 
IL-13 levels and baseline EDSS score (r = -0.421, 
p = 0.004). There was a significant, negative 
but weak correlation between IL-13 levels and 
current EDSS (r = -0.243, p = 0.049). There is 
no significant relationship between IL-22 levels, 
the initial EDSS score before the drug, and the 
current EDSS score (p = 0.115, p = 0.718).
 An OCB test was performed in 48 of the 66 
RRMS patients included in our study, and IgG 
index data for only 26 of them were obtained. 
OCB was positive in 47 of 48 patients. 18 of 
26 patients had high IgG index (> 0.7), while 8 
patients had low IgG index (< 0.7).  IL-13 levels 
were found to be similar in OCB-positive and 
OCB-negative patients (p = 0.649). OCB was 
positive (100%) in all 11 MS patients whose 
IL-22 levels could be measured. In this respect, 
statistical comparisons could not be made. IL-13 
(p = 0.682) and IL-22 (p = 1.000) levels were 
found to be similar between patients with high 
(> 0.7) and low (< 0.7) IgG indexes.
 When cranial and spinal MRI scans of the 
patients were analysed Involvement was found in 
two sites in 45 (75%), in three sites in 17, in one 
site in 6 and in four sites in 3 (Table 4). While 
the number of areas involved in MRI increased 
from 1 to 4, IL-13 and IL-22 levels were similar 
(p values were 0.963 for IL-13 and 0.126 for 
IL-22, respectively). There was no significant 
relationship between the number of areas involved 
in MRI and the parameters studied.
 VEP Test The relationship between the 
presence of elongation in P100 latency (P100 
latency >115 msec) and operating parameters 
was also investigated. 62 patients had a VEP test 
report. According to this, IL-13 and IL-22 cytokine 
levels and VEP Test P100 latency were found to 
be similar for patients with elongation in the right 
eye, elongation in the left eye, elongation in both 
eyes, and normal in both eyes (p value 0.697 for 
IL-13, 0.246 for IL-22). 

DISCUSSION     

The world population is increasing rapidly, and 
the number of people affected by autoimmune 
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diseases, such as MS is increasing daily.18 The 
mean age of MS onset is between 23.5 and 30 
years.19 In our study, the age of onset of MS was 
at least 14 and at most 47 years. The mean age of 
MS onset, that is, the first attack, was determined 
as 26.77 years, which is consistent with the age 
range reported in the literature.
 The incidence of MS in women is 1.5–3 times 
higher than in men.20 Furthermore, the female to 
male ratio among RRMS patients is 3:1 (21). Of 
the 66 patients in our study, 42 were women and 
24 were men, and these ratios are consistent with 
the literature. OCB positivity is observed in more 
than 90% of clinically definite MS cases.22 In this 
study, 47 of 48 patients were positive for OCB, 
which is also consistent with the literature.
 MS is a chronic neurodegenerative disease 
involving autoimmune responses against 
myelin antigens associated with the activity 
of proinflammatory cytokines that exert 
neurotoxic effects through various mechanisms.23 

Neurodegenerative brain damage in MS results 
from an imbalance between proinflammatory 
cytokines released by T helper 1 (Th1) and T 
helper 17 (Th17) cells and anti-inflammatory 
cytokines released by T helper 2 (Th2) cells.24 

IL-13, secreted mainly by Th2 lymphocytes, 
is one of the pleiotropic cytokines that can 
exert immediate inflammatory effects.25 In the 
autoimmune encephalomyelitis (EAE) study, 
an animal model of MS, mice are injected with 
IL-13. It was then shown that the infiltration of 
mononuclear cells into the spinal cord of EAE 
mice was significantly reduced and remyelination 
was increased.26 Similarly, in the experimental 
study conducted by Park et al. it was observed 
that symptoms improved with IL-13 injection 
in mice with EAE and it was stated that it has 
therapeutic potential.27 In another experimental 
EAE study, following IL-13 immune gene therapy 
in mice, it was determined by gene expression 
analysis that IL-13 redirects the polarisation of 
both brain-resident microglia and infiltrating 

macrophages to an alternatively activated 
phenotype, thereby promoting the transformation 
of a pro-inflammatory environment into an anti-
inflammatory environment. IL-13 immune gene 
therapy can also limit lesion severity in a pre-
existing inflammatory environment.28 IL-13 has 
been shown to play a neuroprotective role on the 
cerebral cortex in a study of cerebrospinal fluid 
(CSF) from MS patients.29 In the light of the data 
obtained from these studies, it appears that IL-13 
has the potential to improve the disease outcome 
for MS.
 In a study involving 34 untreated RRMS 
patients, the percentages of IL-13-producing 
T cells were calculated in cerebrospinal fluid 
(CSF) samples from patients and healthy subjects. 
It was determined that the percentage of IL-
13-producing T cells was higher in relapsing 
patients than in patients in remission. A positive 
correlation was found between IL-13 producing 
T cells and EDSS.30 In our study, on the contrary, 
a significant, negative but weak correlation was 
found between IL-13 levels and EDSS (r=-0.243, 
p:0.049). A decrease in IL-13 serum protein levels 
was observed as EDSS increased.
 In a study consisting of 68 Iranian MS patients, 
IL-13 cytokine levels were found to be associated 
with MS, and it was stated that low production of 
IL-13 may predispose to the development of MS.31 
In a study involving 44 Iranian RRMS patients, 
no significant difference was observed between 
the patient and control groups in terms of IL-13 
serum protein levels. However, IL-13 levels were 
found to be significantly higher in males in the 
control group compared to the patient males. The 
lower IL-13 level in male patients may explain 
the poorer prognosis in males.32 In our study, 
no significant difference was observed in male 
patients compared to male controls in terms of 
IL-13 levels. Similarly, no significant difference 
was observed among women.
 Wiesemann et al. studied the correlation of 
serum IL-13 with clinical response in MS patients 

Table 4: Involvement regions detected in brain MRI according to treatment groups of MS patients

 G Group (n: 22) F Group (n: 22) UP Group (n: 22)
 Number (n) Percent (%) Number (n) Percent (%) Number (n) Percent (%)
One Region 1 4.55% 0 0.00% 5 22.70%
Two Regions 17 77.30% 13 59.10% 11 50.00%
Three Regions 4 18.15% 8 36.35% 4 18.20%
Four Regions 0 0.00% 1 4.55% 2 9.10%
Total 22 100.00% 22 100.00% 22 100.00%

G: Glatiramer acetate, F: Fingolimod, UP: Untreated patients
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higher in the patient group than in the control 
group. In addition, 26 patients with relapsing 
exacerbations in the last 2 months were accepted 
as having active MS, and a significant increase 
in IL-22 level was observed in these patients 
compared to other non-active MS patients. In 
the brain biopsy samples of the patients, it was 
observed that IL-22 targeted astrocytes and 
increased the survival of the cells. Based on 
this, it has been suggested that IL-22 may play a 
neuroprotective role in the pathogenesis of MS.40 
In another study of 22 RRMS patients, it was found 
that the number of active MS lesions in the MRI 
brain of the patients was clearly associated with 
IL-22 production. Thus, it was claimed that serum 
IL-22 protein levels are associated with lesion 
burden and poor prognosis in MS.41 In addition, 
the increase in IL-22 level in the induction phase 
and during the period of highest disability in the 
EAE model and the decrease in IL-22 level in the 
recovery phase indicate that IL-22 is associated 
with the course of the disease.42

 n our study, contrary to the literature, when 
the control group was taken alone and the other 
3 groups were evaluated as the patient group, the 
mean IL-22 level of the control group (13.73, 
20.08) was found to be higher than that of the 
patient group (3.06, 3.05), but the difference was 
not significant (p = 0.257). In the literature review, 
no studies related to IL-22 were observed in MS 
patients using GA. In our study, no significant 
difference was observed between IL-22 levels 
(3.80, 4.75 pg/m) in MS patients using GA and 
MS patients who did not use drugs (3.09, 3.08 
pg/mL). In addition, no significant difference was 
found between women in the control group and 
female MS patients in terms of IL-22 levels (p: 
0.830). Similarly, no significant difference was 
found between men in the control group and male 
MS patients (p: 0.321). 
 In a study involving 16 RRMS patients, 
peripheral blood mononuclear cells (PBMCs) were 
isolated from patients before and three months 
after starting fingolimod treatment. As a result of 
the analysis, it was determined that IL-22 mRNA 
expression decreased with fingolimod treatment.43 

In a study by Kürtüncü et al. 66 RRMS patients 
were treated with fingolimod for 6 months and 
serum samples were collected from the patients at 
baseline, 3rd and 6th months. When serum IL-22 
protein levels were analysed, it was determined 
that serum IL-22 levels did not change with 
FTY720.44 In another study, Serum IL-22 protein 
levels are examined at 6 and 12 months in RRMS 
patients receiving FTY720. It was determined that 

given GA. They reported that serum IL-13 levels 
increased significantly when GA was given to MS 
patients, whereas there was no increase in serum 
IL-13 levels in the serum of MS patients who did 
not receive treatment or MS patients who did not 
respond to treatment.33 Likewise, In a study by 
Sanna et al. consisting of 11 RRMS patients, IL-13 
level was found to be lower in the patient group 
compared to the healthy group. IL-13 level was 
found to be increased in a patient using GA.34 In 
our study, the IL-13 cytokine level was found to 
be significantly higher in the control group, while 
no difference was observed in the IL-13 cytokine 
level in MS patients using GA compared to the 
MS group that did not use drugs.
 In an experimental study, clinical and 
histopathological improvement was observed with 
the administration of FTY720 to mice with colitis 
with oxazolone, and this therapeutic efficacy was 
associated with a significant decrease in serum 
IL-13 level.35 In another experimental study, 
after the treatment of mice with allergic rhinitis 
with topical intranasal FTY720, a decrease in 
the level of IL-13 produced from lymph nodes 
was observed.36 In our study, the IL-13 level was 
found to be at its lowest level in MS patients 
using FTY720 compared to other MS patients. 
Our study results show that the level of IL-13, an 
anti-inflammatory cytokine, is decreased in MS 
patients, and the use of FTY720 also reduces the 
level of IL-13.
 Current data on IL-22 expression in the 
pathogenesis of MS are quite limited. In a study 
of 34 RRMS patients, an increase in IL-22 protein 
levels was found in patient serum during the 
attack period and it was suggested that IL-22 may 
play a role in MS attacks.37 In an experimental 
EAE study conducted by Lindahl H et al. it was 
determined that IL-22 inhibitory protein played 
a pathogenic role. From this point of view, IL-
22 has been suggested to have a therapeutic 
potential in MS.38 In contrast, an experimental 
study by Kreymborg et al. showed that IL-22 is 
not necessary for the development of EAE.39 As 
can be understood from these studies, there are 
different results between the study data regarding 
the role of IL-22 in MS.
 In a study involving 34 untreated RRMS 
patients, the percentages of IL-22 producing T 
cells were calculated in CSF samples obtained 
from the patient and healthy groups. In this study, 
the percentage of IL-22 producing T cells was 
found to be significantly higher in the patient 
group.30 In a study involving 141 MS patients, 
IL-22 serum levels were found to be significantly 
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IL-22 levels decreased significantly with FTY720 
(P < .001). In addition, a positive correlation was 
found between IL-22 protein levels and EDSS 
score. Based on this, it was suggested that IL-
22 may be a good marker for the severity of MS 
disease and the effectiveness of treatment.45 In our 
study, although serum IL-22 levels were higher 
in the non-medicated patient group than in the 
FTY720-treated patients, the difference was not 
significant. No significant correlation was found 
between IL-22 levels and EDSS score (p = 0.718).
 Smoking is a risk factor for MS; smoking 
has also been associated with disease activity 
and overall prognosis in patients with MS. It 
is reported that disease activity is higher, brain 
atrophy is faster and the burden of disability is 
higher in MS patients who smoke.46 In a study by 
Correale et al. an increase in the number of cells 
producing IL-13 and IL-22 was observed in MS 
patients who smoked.47 In this study, no significant 
difference was observed between smokers and 
non-smokers in terms of IL-13 and IL-22 serum 
protein levels.
 The main limitations of this study are that it 
is a single-center study, it had a small number of 
participants, and that there was limited financial 
support.       
 In conclusion, to the best of our knowledge, 
this is the first study to date to compare FYT720, 
GA, and drug-free MS patients with a control 
group, and to compare IL-13 and IL-22 cytokines 
between these groups. Our study strongly supports 
that IL-13 and IL-22 levels are associated with 
progression in MS patients and that they can be 
used as an indicator of therapeutic efficacy in 
patients using medication. In conclusion, our study 
shows that IL-13 and IL-22 play an important role 
in the pathogenesis of MS. More comprehensive, 
multi-center studies should be conducted in the 
future aiming to eliminate the limitations reported 
in our study and previous literature studies.
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