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 A B S T R A C T  

Objective: Multiple Sclerosis is an inflammatory demyelinating disease 
characterized by lymphocyte infiltration and demyelination of brain 
tissue and central nervous system.

Materials and Methods: This study aimed to evaluate the interleukin 
(IL-17A, IL-17F, and IL-34 cytokine) levels in the cerebrospinal fluid of 
Relapsing-Remitting Multiple Sclerosis (n=23), radiologically isolated 
syndrome (n=5) and pseudotumor cerebri (n=15) cases. In this study, 
lumbar puncture cerebrospinal fluid obtained from the patients who 
were diagnosed with Multiple Sclerosis aged between 21-55. The PTC 
group included patients with pseudotumor cerebri aged 28-60 years. 
The levels of IL-17A, IL-17F, IL-34 cytokines were determined by ELISA kit. 

Results: In this study, Among the studied cytokines in the cerebrospinal 
fluid samples of the patients, median (min-max) values of IL-17A for the 
Demyelinated group and pseudotumor cerebri group were 50 (7-257) 
pg/ml and 2 (1-6) pg/ml respectively, a statistically significant difference 
(p<0.01) has been observed in between the two groups. Median (min-
max) values of IL-17F for the Demyelinated group and pseudotumor 
cerebri group were 32 (6-891) pg/ml and 2 (1-3) pg/ml respectively, a 
statistically significant difference (p<0.01) has been observed between 
the two groups. Median (min-max) values of IL-34 for Demyelinated 
group and pseudotumor cerebri group were 16 (4-197) pg/ml and 2 
(1-11) pg/ml respectively, a statistically significant difference (p<0.01) 
has been observed in between the two groups (Lower limit for the 
cytokine values have been determined as IL-17A: 3,93 pg/ml, IL-17F: 
2,23 pg/ml, IL-34: 3,12 pg/ml). IL-34, was found to be high in Multiple 
sclerosis patients. This is important for the cerebral endothelial reaction 
in Multiple sclerosis. 

Conclusion: The high levels of IL-34 in cerebrospinal fluid samples 
suggest that it may be a new treatment strategy and an adjunct cytokine 
in the diagnosis of neuroinflammatory and neurodegenerative diseases 
such as multiple sclerosis and demyelinating disease. More extensive 
studies are needed to determine whether IL-34 can be a marker in the 
return of the disease from radiologically isolated syndrome to clinical 
MS.

Keywords: Multiple sclerosis, pseudotumor cerebri, radiological isolated 
syndrome, cytokine, Interleukin-17a, Interleukin-17f, Interleukin-34.

Investigation of IL-17A, IL-17F, IL-34 Levels of Patient with Multiple 
Sclerosis and Pseudotumor Cerebri
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INTRODUCTION

Multiple Sclerosis (MS) is an autoimmune and 
disease of the central nervous system (CNS) and 
may reveal itself with chronicle, inflammatory, 
episodic neurological deficits, as well as with 
a neuroanatomic localization [1,2]. Relapsing-
remitting multiple sclerosis (RRMS) is known to be 
the most common form. Oftentimes, neurological 
deficits and damages occur that get worse in 
time and result in the development of secondary 
progressive multiple sclerosis (SPMS) [3].

In recent years, MS has been defined as a 
radiologically isolated syndrome (RIS) in patients 
without a typical MS clinic, with normal examination 
findings, and with MS-like demyelinating lesions 
on cranial MRI imaging for any reason, when other 
causes are excluded [4]. While evaluating the 
diagnostic criteria for MS, clinical and magnetic 
resonance (MR) findings play an important role in 
differentiating the MS cases from all other diseases. 
Apart from these, studies on cerebrospinal fluid 
(CSF) are also in progress [5]. CSF, evaluation 
of oligoclonal bands (OCBs) pointing to 
immunoglobulin G (IgG) index sensitivity of 95% 
and specificity above 80% are among the preferred 
methods [6]. 

Cytokines and chemokines in the CSF are the 
potential indicators of MS activity. During 
the active and/or flare-up periods of MS, an 
increase in the proinflammatory cytokines 
and chemokines is observed while the anti-
inflammatory cytokine and chemokines decrease 
[7, 8]. In MS, local inflammation, demyelination, and 
neurodegeneration are triggered by effector T cells 
that move from the periphery to the CNS. Although 
there are much data on T helper (Th) cells known 
as helper T cells when developing new strategies 
for treatment, the role of the pro-inflammatory Th 
cells subtypes involved in the pathogenesis of MS 
has not been fully understood [9,10,11]. Both Th1 
and Th17 cells are known to be encephalitogenic 
but these two cells follow different paths to enter 
into the central nervous system (CNS). In a study in 
which experimental encephalomyelitis was formed, 
it has been observed that Th1 cells moved towards 
the spinal cord whereas Th17 cells penetrated 
the brain [12]. It is also known that secretion of 
cytokines (such as IL-17A, IL-17F, IL-21, and IL-22.) 
from Th1 (IL-2, IL-12, TNF-alfa, and IFN-gamma) and 
Th17 cells increase relatively more in MS patients. 

Interleukin-34 (IL-34), which is known to have 
communication with Th17 cells, has lately been 
among the cytokines that have been emphasized. IL-
34 is a cytokine that was expressed by macrophages, 
endothelial cells, fibroblasts, hepatocytes, and 
even neurons, and that contributes to the secretion 
of IL-17 via stimulating Th17 cells [13,14]. Once 
the literature is reviewed, although the study 
examining the relationship between cytokines and 
MS is limited, serum cytokine levels were examined 
instead of CSF samples. However, the relationship 
between IL-34 and neurodegenerative diseases has 
been remarkable in recent years [15].

Pseudotumor cerebri (PTC), is a disease with 
unclear pathophysiology and is characterized by 
inflammatory changes in the neurodegenerative 
disruptions on the absorption of CSF [16]. Having 
been clinically characterized by headache, 
papilledema, vision loss, and pulsatile tinnitus, 
no revealing cause has been identified due to 
radiological monitoring and CSF examinations [17]. 
Several studies have been performed on cytokines, 
as a candidate biomarker, to leverage them during 
the progressing, healing, and even rapid diagnosis 
phases of neurodegenerative diseases like MS and 
PTC. However, there are very few cytokine studies 
where both MS and PTC are focused together, and 
especially the CSF is examined.

In this study, we are targeting to research three 
different cytokines that are interrelated and found 
in the CSF samples of MS and PTC cases. For this 
purpose, through the evaluation of IL-17A, IL-17F, 
and IL-34 cytokine levels in CSF of the MS and PTC 
cases under the medical observation of our clinic, 
tracking of IL-34 in CSF is intended. Especially in 

 neuroinflammatory and neurodegenerative 
diseases like MS, so that new strategy could be 
developed for diagnosis or treatment which can be 
used by the clinicians in the future.

MATERIALS and METHODS 

For this research, authorization with the approval 
code of 2018/203 has been granted by the Local 
Ethics Committee. All procedures performed in 
studies involving human participants were under 
the ethical standards of the institutional and 
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national research committee and with the 1964 
Helsinki declaration and its later amendments or 
comparable ethical standards. This article does not 
contain any studies with animals performed by any 
of the authors. 

A total of 43 cases have been included in this study. 
Two main groups were constituted, demyelinated 
and PTC. The demyelinating group was selected 
from the cases who admitted to the clinic, for 
CSF collection through a lumbar puncture (LP) 
for diagnostic purposes, whose CSF samples 
were stored at -80 °C. Since none of the cases was 
diagnosed at the time of LP procedure, the RRMS 
or RIS diagnosis was made depending on whether 
there was an episode in the follow-up of these 
cases that were not under any MS treatment at the 
time of CSF collection.

Cases that were admitted to the Neurology 
Department of Bolu Abant Izzet Baysal University, 
Educational Research Hospital between February 
2015 and February 2018 were used in this study 
where we had the RRMS group with ages varying 
between 21 and 55, who were diagnosed (n=23) 
with RRMS based on McDonald criteria. The RRMS 
group consisted of patients who applied to the 
clinic at the first MS attack and had CSF taken by 
performing LP for diagnostic purposes. For this 
reason, CSF was taken during the attack in the RRMS 
group.The RIS group with ages varying between 20 
and 65 who showed lesions similar to MS during 
cranial imaging but could not be diagnosed (n=5) 
with MS based on McDonald criteria, 

Patients who had MS-like lesions in cranial imaging 
taken for any reason, but did not have any episodes 
were defined as RIS and a PTC-diagnosed (n=15) 
control group with ages varying between 18 and 58. 
There are no known attacks in the RIS group. Via LP, 
CSF samples have been obtained from the approved 
individuals in the control and experimental groups 
and these samples have been stored at -80°C until 
assayed. All the cases (persons) were informed 
about the LP procedure and their approvals were 
collected before performing LP on them. Before the 
LP procedure, we made sure none of the cases had 
an active systemic and CNS infection. Other factors 
(such as Cerebral Venous Thrombosis and Behcet’s 
disease) that could increase the CSF pressure on 
PTC cases were eliminated. Age, sex, duration of the 
disease, clinical status, and standard biochemical 
blood, and CSF analyzes were also evaluated 
according to medical records.

Cytokine Measurements
Serum cytokine levels (IL-17A, IL-17F, and IL-34) were 
measured with an ELISA (Elabscience, USA, Cloud-
Clone Corp., USA) according to the manufacturer’s 
instructions. Results were expressed in picograms 
per milliliter. The specificity and the sensitivity 
for the cytokines were defined according to the 
manufacturer’s instructions (specificity: except 
in IL-17A cytokine measurements in which cross-
reactivity with human IL-17F was negligible, non-
cross-reactivity was observed). Statistical analysis 
of the data was performed in SPSS 17.0 Statistics 
software package. As a result, since the data came 
out to be the normal distribution, the effects of 
the conditions were tested using the Kruskal-
Wallis, which is a non-parametric test. Conditional 
differences were analyzed using the Mann-
Whitney-U test p < 0.05 was considered statistically 
significant.

RESULTS

The group, who was diagnosed with RRMS in the 
new-onset and subsequent follow-up without any 
treatment, the RIS group, which was compatible 
with MS as an MR lesion and did not describe an 
attack and had no clinic, and the PTC group were 
The age averages of the RRMS, RIS and PTC, 34 
(± 10), 42 (± 17), and 41 (± 12) respectively. There 
was a statistically significant difference between 
all groups, (p=0.01). Once a subgroup analysis 
was performed using the Bonferroni method, a 
statistically significant difference (p=0.01) has been 
revealed especially between the RRMS group and 
PTC group. 

While there are 13 female and 15 male cases in the 
RRMS and RIS (demyelinated) groups, this ratio is 10 
to 5 respectively in the PTC group, and there was 
no statistically significant difference (p=0.2) from 
a gender perspective between the two groups. 
Demographical data is shown in Table 1. As a 
result of the CSF analysis, no cell was found in the 
CSF of any of the cases. There was no statistically 
significant difference between the biochemical 
values of the CSF of two groups in Table 2.

Of the 23 patients followed-up with RRMS diagnosis, 
15 patients was Type 2 positive, 5 patients had Type 
1 negative, 2 patients had Type 4 positive, 1 patient 
had Type 3 positive OCBs result, and the Ig G index 
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was measured as 0.97 (±0.4) on the average. OCB 
and IgG index were not measured in 3 of 5 RIS 
cases.2 of them were found to be OCBs Type I. The 
index was 0.70 in 1 case and 0.56 in the other. All 
three levels of cytokines; A statistically significant 
difference was found between IL-17A, IL-17F, IL-34 
RRMS and RIS cases (p = 0.002, p = 0.001, p = 0.001, 
respectively). Especially in the CSF analysis of RRMS 
cases who were taken during the attack period, 
it was observed that the levels of all 3 cytokines 
were significantly high (table 3). In comparison 
of CSF cytokine levels of demyelinating group 
and PTS cases in which RRMS and RIS cases were 
evaluated together; Among the studied cytokines 
in the CSF samples of the patients, median (min-
max) values of IL-17A for the Demyelinated group 
and PTC group were 50 (7-257) pg/ml and 2 (1-
6) pg/ml respectively, a statistically significant 
difference (p<0.01) has been observed in between 
the two groups. Median (min-max) values of IL-17F 
for the Demyelinated group and PTC group were 
32 (6-891) pg/ml and 2 (1-3) pg/ml respectively, 
a statistically significant difference (p<0.01) was 
observed between the two groups. Median (min-
max) values of IL-34 for the Demyelinated group 
and PTC group were 16 (4-197) pg/ml and 2 (1-
11) pg/ml respectively, a statistically significant 
difference (p<0.01) was observed between the two 
groups (Lower limit for the cytokine values have 
been determined as IL-17A: 3,93 pg/ml, IL-17F: 2,23 
pg/ml, IL-34: 3,12 pg/ml) in Table 3.

Levels of IL-17A and IL-17F, which are secreted 
by Th17 cells, as well as the levels of IL-34, that 

stimulate the secretion of IL-17 by Th17 cells, were 
determined in the CSF samples of the PTC and 
the Demyelinated disease groups. Throughout 
the study, a statistically significant increase in the 
levels of IL-34 (secreted by Th17 (IL-17A, IL-17F) 
and also by a variety of cells such as hearth, brain, 
liver, kidney, spleen, and thymus gland cells) was 
observed in the MS group concerning the PTC 
group. The difference in cytokine levels between 
the Demyelinated group and the PTC group was 
shown in Table 3.

DISCUSSION

MS is an inflammatory-demyelinating disease 
characterized by lymphocyte infiltration and 
demyelination of brain tissue and central nervous 
system. At the diagnostic stage, it is of quite 
an importance to examine the patient’s clinical 
findings together with MRI imaging and CSF analysis 
[2]. Numerous studies are focusing on biomarker 
definitions in CSF and serum samples, cytokine 
and chemokine levels related to inflammation, and 
biochemical and microbial factors and investigating 
the roles of these factors in MS [8,18]. Autoimmune 
inflammation usually occurs in the early stages of 
MS, followed by the neurodegenerative phase. 
The degradation of the myelin occurs as a result of 
these changes.

It is believed that myelin-specific T lymphocytes 
may have a role in the pathogenesis of the disease. 
Th1 and Th17 lymphocytes have been shown to 

Table 1. Demographical data and clinical characteristics/features of the patients.

n=43
Demyelinating Disease

PTC(n=15) p
MS (n= 23) RIS (n= 5)

Age mean (±St) 34 (± 10) 42 (± 17) 41 (± 12) 0.1°

Woman/Man 13/15 10/5 0.2*
MS: Multipl Skleroz, RIS: Radiological Isolated Syndrome, PTS: Psödotümör Serebri

*Chi-Square °Oneway-Anova (Bonferroni)

Table 2. Comparison of the biochemical values of CSF in between the groups.

CSF Protein Serum Protein CSF Albumin Serum Albumin CSF Glucose Serum Glucose CSF LDH CSF Klor

Case 30

(15-226)

7

(6-71)

15

(1-30)

4

(4-10)

71

(50-126)

104

(98-110)

16 

(10-41)

125

(119-131)

PTC 36

(17-174)

7

(7-8)

16

(1-30)

4

(4-5)

63

(54-83)

107

(104-112)

18

(10-31)

124

(120-130)

p±= 0.7 0.9 0.5 0.1 0.3 0.07 0.5 1
Case: Demyelinating Group, PTC: Pseudotumor Cerebri, CSF: cerebrospinal fluid ±Mann-Whitney-U
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play a role in the pathogenesis of MS. A significant 
increase in the number of Th17 cells was observed 
during the exacerbation of MS [19]. Many studies 
are showing the association of MS with IL-17A and 
IL-17F synthesized by Th17 cells [18,20,21].

IL-17 has been shown to disrupt the integrity of the 
blood-brain barrier in both primary microvascular 
endothelial cells [22] taken from the human brain 
and in mouse brain endothelial cell line [23]. IL-
17 has been shown to play a role in the formation 
of experimental autoimmune encephalomyelitis 
(EAE). The blood-brain barrier (BBB) is less impaired 
and disease scores were lower in mice lacking IL-
17A with IL-EAE [23]. Anti-IL17A treatment has 
been shown to reduce BBB degradation in elderly 
wild-type C57BL/6J mice [24].

In experimental studies, IL-17A blockade has been 
shown to weaken autoimmune encephalomyelitis 
(EAE). Also, it is elevated in CSF of RRMS patients 
and associated with CSF/serum albumin (Qalb), a 
measure of blood-brain barrier (BBB) dysfunction. 
In the cell culture studies, the combination of IL-
17A and IL-6 has also been shown to reduce the 
expression of genes associated with tight junction 
(TJ) proteins in the blood-brain barrier cell line 
(hCMEC/D3) and impair monolayer integrity. In 
CSF of RRMS patients, unlike cell culture studies, 
no correlation was found between IL-6 and Qalb, 
while IL-17A increases. IL-17A rises in CSF of RRMS 
patients, but IL-17F is low in these cases. CSF IL-

17A levels are associated with blood-brain barrier 
damage in RRMS. A combination of IL-17A and IL-6 
impairs endothelium tight-link gene expression 
and monolayer integrity. These studies show that 
the targeting of IL-17A is of potential importance in 
maintaining blood-brain barrier integrity in RRMS 
[25].

Although it was shown that IL-17A was high and IL-
17F was low in RRMS patients, this study showed 
that both values were higher in RRMS and RIS 
patients than in PTC patients. Moreover, when we 
look at the CSF/Serum albumin ratio, there are no 
significant differences between the RRMS and PTS 
groups.

IL-34 plays a role in the development of the nervous 
system [26,27]. CSF-1 is structurally expressed in the 
ventricular and subventricular regions of the brain 
[28]. In mice with IL-34 deficiency, the decrease 
in microglial cells in the hippocampus and cortex 
proves the role of IL-34 in microglia development 
and homeostasis [29]. Interleukin (IL) -34 is a recently 
discovered cytokine, identified as a ligand of the 
first colony-stimulating factor (CSF) -1 receptor 
(CSF-1R).IL-34 is involved in a wide variety of signal 
pathways and biological functions. In physiological 
conditions, IL-34 expression has a fundamental role 
in cellular differentiation, adhesion and migration, 
and proliferation. Studies are showing that IL-34 can 
play quite an important role in the development of 
microglia and Langerhans cells [28,30].

Table 3. Comparison of CSF cytokine levels in between the groups.

Group n=43 Demyelinating Disease n=28
PTC* n=15

RRMS* n=23 RIS* n=5

IL-17A (pg/ml)

median (min-max)

59 (7-257) 20 (10-22)

p=0.002

50 (7-257) 2 (1-6)

p<0.001°

IL-17F (pg/ml)

median (min-max)

RRMS* n=23 RIS* n=5 PTC* n=15

36 (15-891) 8 (6-15)

p=0.001

32 (6-891) 2 (1-3)

p<0.001°

IL-34 (pg/ml)

median (min-max)

RRMS* n=23 RIS* n=5 PTC* n=15

23 (7-197) 5 (4-9)

p=0.001

16 (4-197) 2 (1-11)

p<0.001°
*RRMS: Relapsing Remitting Multiple Sclerosis *RIS: Radiologically Isolated Syndrome *PTC: Pesudotumor cerebri °Mann-Whitney U
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IL-34 is a cytokine produced by fibroblasts in the 
brain, T cells, neurons, and keratinocytes in the skin; 
it also binds the macrophage colony-stimulating 
factor 1 receptor (m-CSF-1). IL-34 is also known to 
bind colony-stimulating factor 1 (CSF-1). Studies are 
showing that T reg cells, known as regulatory T cells, 
also produce IL-34 [15]. IL-34 has a proinflammatory 
effect in humans and can contribute to 
inflammation in various diseases. Moreover, IL-34 
is stimulated by pathogen-associated molecular 
patterns (PAMP) and inflammatory cytokines [20]. 
Serum IL-34 levels have been reported in hepatitis 
B and rheumatoid arthritis (RA) patients who 
develop liver fibrosis, patients with acute rejection 
after liver transplantation in patients, and in various 
diseases, including systemic lupus erythematosus 
(SLE), periodontal disease, and cancer. Although 
the potential role of IL-34 in these diseases is 
still unclear, it is known that IL-34 is an immuno-
regulatory cytokine due to its inflammatory and 
immunosuppressive properties [21].

IL-34 may be useful as a therapeutic target in the 
control of diseases. IL-34 can prevent various 
diseases such as neurological disorders, skin 
lesions, transplant rejection, and infections. IL-34 
provides powerful neuroprotection through its 
action on microglia, neurons, and endothelial cells. 
It can cause pluripotent stem cells to differentiate 

into microglia, suggesting a potential role in neural 
regeneration [31].

IL-34 also regulates the microglial proliferation by 
inducing the expression of transforming growth 
factor-beta (TGF-β) in microglia; moreover, IL-17 
concentration has been shown to increase as a 
result of excitation of and peripheral mononuclear 
cells in RA patients [21].

The role of IL-34 and the relationship of IL-17 
in MS are summarized in Figure 1. Due to these 
correlations of IL-34 with Th17 cytokines, it was 
hypothesized that levels of IL-34 and IL-17 in MS 
patients may differ from PTC. We evaluated IL-17A, 
IL-17F, and IL-34 levels in CSF samples of MS patients 
with RIS symptoms according to McDonald’s criteria 
and PTC patients as the control group.

In our study, a statistically significant difference 
was found in both IL-17A, IL-17F and IL-34 cytokine 
levels in CSF samples of MS patients compared to 
the PTC group (p <0.001). In line with the literature, 
the results of this study suggest that IL-34 can be 
upregulated in the pathogenesis of RA, Hepatitis 
B, SLE, MS, and even other neurodegenerative 
diseases.

The most important limitation is that this study 
was carried out retrospectively on CSF samples 
stored at -80 °C. Due to ethical issues related to 

Figure 1. The role of IL-34 in multiple sclerosis and the relationship between IL-17 (Figure 1 is drawn by the author 
(Karabork S)).
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CSF sample collection from healthy individuals, the 
control group consisting of PTC patients, instead of 
normal healthy individuals, is another limitation.

In this study, IL-17, which is known to play a role 
especially in autoimmune diseases, showed an 
increase in RRMS patient group CSF samples 
compared to PTC group CSF samples. It is also 
noteworthy that IL-34, a new cytokine known to 
be expressed from neurons in the CNS, is high in 
RRMS patients. This novel function of IL-34 and 
its elevated levels in CSF samples suggest that it 
may be used as a novel treatment strategy and/
or an adjunct cytokine in neuroinflammatory and 
neurodegenerative diseases, such as Alzheimer’s 
and MS, and may contribute to this aspect of 
literature.

It is also noteworthy to state that these interleukin 
levels are high in RIS, which fails to be diagnosed 
with MS according to Mc Donald’s diagnostic 
criteria, but is characterized by demyelinating 
lesions. More comprehensive studies are needed to 
determine whether IL-34 is a marker in the disease’s 
transition from RIS to clinical Ms.

As a result, this study will contribute to 
the early diagnosis and treatment of MS, a 
neurodegenerative disease that is difficult and not 
yet possible to diagnose early. IL-34 and IL-17A are 
promising both as a biomarker for the diagnosis of 
disease and a therapeutic agent that can be used 
in the treatment of various diseases in the clinic. 
More comprehensive, further research is needed 
to clarify this issue. Specifically, determining IL-34, 
IL-17A, and IL-17F CSF levels, then diagnosing MS, 
and identifying biochemical processes involving 
this cytokine may contribute to the development 
of precise treatment strategies for MS.
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