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Abstract

Background. The IL-17 is a proinflammatory cytokine that plays an important role in the pathogenesis  
of multiple sclerosis (MS). Interferon-β (IFN-β) is the major immunomodulatory treatment for relapsing remit-
ting MS (RRMS). Up to two thirds of patients respond to treatment. Criteria to classify patients into responders  
and non-responders to IFN-β therapy are usually applied after 1 or 2 years follow-up. Objective. To detect the  
level of serum IL-17A in MS patients treated with IFN-β and find if it plays a role in MS patients’ response to  
IFN-β. Material and methods. 150 patients with MS (mean age: 41.8±9.2; mean EDSS: 2.8±1.87; 71.3% RRMS,  
28.7% SPMS), who had at least 18 months of IFN-β treatment, underwent a serological IL-17A test. IL-17A was  
tested using ELISA-indirect method, values over 1.6pg were pathological. Patients had at least 30 days without  
steroids. For each patient, the following were recorded: epidemiological, clinical and treatment features (early  
vs. late treatment, responder vs. nonresponder, duration of treatment). Mann-Whitney test and Spearmann corre-
lation  was  used,  p  values  of  ≤0.05  were  significant.  Results. 27  patients  (18%)  had titers  of  IL-17  above  
1.6pg/ml, mean 3.38 (±13.5). We found correlations between the IL-17A titer and both number of MS relapses  
(p<0.05) and EDSS (p=0.05). In nonresponders the titer of IL-17 was significantly higher (p=0.03). None of the  
other parameters correlated. Conclusions. High serum IL-17 concentration in MS treated patients plays a role in  
nonresponsiveness to IFN-β therapy. Serum IL-17 might be a sensitive biomarker to be used but it must be corre-
lated with other markers for disease activity or response to treatment.
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Rezumat

Introducere. Interleukina 17 (IL-17) este  o citokină proinflamatoare cu rol  important în patogenia  
sclerozei  multiple (SM) .  Interferonul-β (IFN-β) reprezintă terapia imunomodulatoare  în  tratamentul  formei  
recurrent remissive de SM (RRSM). Maxim 2/3 din pacienţii cu SM răspund la acest tratament. Criteriile de  
clasificare ale pacienţilor în “responderi” şi “nonresponderi” la tratamentul cu IFN-β sunt greu de aplicat şi  
necesită 1-2 ani de urmărire.  Obiective. Determinarea nivelului seric de IL-17A la pacienţii cu SM trataţi cu  
IFN-β şi găsirea unui eventual rol al acesteia în răspunsul terapeutic la IFN-β. Material şi metode. La 150 de 
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pacienţi cu SM (vârstă medie: 41.8±9.2; EDSS mediu: 2.8±1.87; 71.3% RRSM, 28.7% SPSM) care au primit  
minimum 18 luni IFN-β, s-a determinat nivelul seric de IL-17A . IL-17A a fost determinată folosind metoda  
ELISA-indirectă,  valori  peste  1.6pg  au  fost  considerate  patologice.  Pacienţii  nu  au  primit  corticoterapie  
minimum 30 de zile înaintea testării. La fiecare patient s-au notat: date epidemiologice, clinice şi  terapeutice  
(tratament precoce vs tardiv, responder vs nonresponder, durata tratamentului). S-a utilizat testul Mann-Whitney  
şi  corelaţia Spearmann, valori p≤0.05 au fost considerate semnificative.  Rezultate. 27 pacienţi (18%) au avut  
titruri crescute de IL-17 (peste 1.6pg/ml). Media titrului seric a fost 3,38 (±13,5) Am găsit corelaţii ale titrului  
IL-17A cu: numărul de recurenţe de SM (p<0.05) şi scorul EDSS (p=0.05). La “nonresponderi” titrul de IL-17 a  
fost crescut semnificativ (p=0.03). Nici un alt parametru nu s-a corelat cu IL-17. Concluzii. La pacienţii cu SM, 
titrurile  de IL-17 sunt crescute  la “nonresponderi” la terapia cu  IFN-β.  Titrul  seric  de IL-17 poate fi  un  
biomarker sensibil care trebuie utilizat în corelaţie cu alţi markeri ai activităţii SM sau ai răspunsului la terapie.

Cuvinte cheie: scleroză multiplă, interleukina 17, interferon beta

Introduction

Studies have shown that T cells and in-
flammatory cytokines play an important role in 
central nervous system (CNS) autoimmune dis-
ease pathogenesis,  including multiple sclerosis 
(MS) lesions (1). 

MS is a progressive neurological disease 
of unknown origin characterized by the progres-
sive accumulation if inflammation and degenera-
tion in the grey and white matter of the CNS. 

The IL-17 is  a proinflammatory cytokine 
that activates T cells and other immune cells to pro-
duce a variety of cytokine, chemokines and cell adhe-
sion molecules. Large amounts of IL-17 are secreted 
by a lineage of T cells named Th17 cells. The Th17- 
chemokines pathways are essential for the develop-
ment of CNS autoimmune disease such as MS (2). 

Interferon-β  (IFN-β)  is  the  major  im-
munomodulatory treatment for relapsing remit-
ting  MS  (RRMS).  However,  maximum  two 
thirds of patients with RRMS respond to treat-
ment. Criteria to classify patients into respon-
ders  and  nonresponders  to  IFN-β  therapy  are 
usually applied after 1 or 2 years follow-up us-
ing disability progression or relapse rate (3).

T-helper and Th17 lymphocytes are in-
volved  in  experimental  autoimmune  en-
cephalomyelitis  (EAE),  the  model  of  MS.  Evi-
dence that an expansion of peripheral Th17 cells 
can infiltrate brain parenchyma and damage cells 
is associated with disease activity in MS. A high 
IL-17 concentration in the serum of people with 

relapsing-remitting  MS  (RRMS)  is  associated 
with nonresponsiveness to therapy with IFN-β. 

The identification of biomarkers to pre-
dict disease course and treatment response is a 
major  challenge  in  MS  research.  Successful 
therapeutically  strategies  in  MS might  require 
characterization  of  the  immune  response  in  a 
given patient to design effective treatment pro-
tocols on an individual basis (4).

In the era of early therapeutic interven-
tion in MS with disease modifying drugs and 
after  several  alternative  options  have  become 
available, the issue of early identification of pa-
tients who are not responding to a given treat-
ment has become more important (5).

Material and methods

Patients
This  is  a  prospective  study which  in-

cluded  MS patients  diagnosed  and  treated  in 
First Neurological Department of the University 
Emergency County Hospital Targu Mures. The 
informed  consent  of  all  participating  subjects 
was  obtained and the study was  approved by 
the local ethics committee and was carried out 
according to the Declaration of Helsinki.

Blood samples were collected from 150 
patients with MS treated for at least 18 months 
with the same type of IFN-β. None of the patients 
had  been  treated  with  glucocorticoids  within  4 
weeks of study entry, and none of the patients had 
ever been treated with immunosuppressive drugs 
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such as azathioprine, methotrexate, mitoxantrone, 
cyclophosphamide.  Patients  were tested at  least 
24  hours  after  the  last  IFN-β  injection.  IL-17 
serum  titer  was  determined  in  twenty  healthy 
blood donors (70% were women and 30% men, 
median age 36.7 years, range 25 - 46).

Peripheral  blood  was  collected  and 
serum was obtained by centrifugation at  500g 
for  15  minutes  and  stored  at  -70°C  until  all 
samples were obtained to avoid loss of bioac-
tive human IL-17A. The duration of the blood 
collection and IL-17A measurements was from 
1st July 2010 until 10th March 2011.

The DRG International IL-17A ELISA 
kit (EIA-4840) was used for the quantitative de-
tection of human IL-17A. The method was an 
indirect sandwich type ELISA. Anti-human IL-
17A  coating  monoclonal  antibody  adsorbed 
onto microwells binds human IL-17A present in 
the  sample  or  standard.  A  biotin-conjugated 
anti-human IL-17A antibody is added and binds 
to human IL-17A captured by the first antibody. 
A  colored  product  is  formed  by  Streptavidin 
HRP conjugated to biotinylated anti-IL 17A an-
tibody, in proportion to the amount of human 
IL-17A present in the sample. The reaction is 
terminated by addition of acid and absorbance 
is measured at 450nm.

In healthy subjects,  there were no de-
tectable  human  IL-17A levels.  As  the  kit  in-
structions  provided,  elevated  human  IL-17A 
levels were considered if the value of 1.6 pg/ml 
was exceeded. The value of serum IL-17A from 
each patient was noted.

All patients were neurologically exam-
ined 12 months before IL-17A testing. In addi-
tion, for each patient we collected demographic 
data, took a medical history, recorded the age, 
clinical form of MS, the score for neurological 
deficit  EDSS  (Expanded  Disability  Status 
Score), the change in the EDSS within the last 
12 months of treatment, the number of relapses 
in  the  last  year,  the  moment  of  initiation  of 
IFN-β: “early treatment” was considered if the 
immunomodulatory  treatment  was  initiated 

within the first year after MS was diagnosed or 
after a first relapse while “late treatment” was 
considered when the patient started IFN-β ther-
apy after at least 18 months of clinically defi-
nite MS. The patients were classified according 
to  treatment  response  in  “responders”  (no  re-
lapse or maximum a rise of 0.5 points on EDSS 
in the previous year under IFN-β) and “nonre-
sponders” (minimum 1 relapse or an increase of 
at least 1 EDSS point in the last year).

Inclusion/exclusion criteria
Eligible  patients  had  multiple  sclerosis 

according to the McDonald criteria [6-8]. Further 
inclusion criteria were: age 18-60 years; RRMS 
and  SPMS  (secondary  progressive  MS);  mini-
mum 18 months under constant IFN-β treatment 
(Avonex,  Rebif  or  Betaferon).  All  patients  had 
negative blood test for other autoimmune or infec-
tious diseases: lupus, antiphospholipid syndrome, 
HIV infection, syphilis, Lyme disease, etc.

Patients were excluded if they had been 
treated previously in the last 30 days with me-
thilprednisolon;  change  of  IFN-β  preparation 
within 18 months. Also, we did not include any 
patients with other chronic disease associated to 
MS, nor those previously treated with immuno-
suppresive agents. 

Objectives 
The primary objective was to detect the 

level of serum IL-17A in MS patients already 
treated with IFN-β for at least 18 months.

The  secondary  objectives  were:  a)  to 
find if the IL-17 serum level correlates with the 
response to IFN-β; b) determine whether early 
starting  of  treatment  in  newly  diagnosed  MS 
patients  influence the production of  IL-17;  c) 
find correlations between these titers and other 
patients’  MS characteristics  (age,  sex,  clinical 
form of  MS,  number  of  MS relapses,  EDSS, 
change in the EDSS score in the previous year, 
type of IFN-β administered).

Last, but not least, we present the first 
Romanian study and one of the few in the liter-
ature to determine the plasmatic level of IL-17 
in MS patients treated with IFN-β.  
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Statistical methods

Groups  were  compared  using  Mann-
Whitney test and correlation analyses were con-
ducted  using  Spearman rank correlation  coeffi-
cient.  Correlation  and  regression  analysis  was 
used to determine patient characteristics asociated 
with IL-17+ and IL-17- status. Before using the 
above tests, we applied the Kolmogorov-Smirnov 
Normality Test that showed a nongaussian distri-
bution of our data, thus nonparametric statistical 
tests  were  required.  All  reported  p  values  are 
based on two tailed statistical tests, with a signifi-

cance level of 0.05. Diagrams were presented us-
ing Statistica (StatSoft) program.

Results

One  hundred  and  fifty  patients  fitted 
the  inclusion  criteria  and  were  tested  for 
IL-17A. Table 1 shows baseline demographics, 
clinical and therapeutically characteristics. 

A  total  number  of  27  patients  (18%) 
had titers of IL-17 above 1.6 pg/ml. Mean value 
for the titer was 3.38 pg/ml.

By  dividing  the  patients  into  “respon-
ders” and “nonresponders”, we found a signifi-
cant higher level of serum IL-17 in the “nonre-
sponders” group (p=0.03) (Figure 1).

Comparing the two groups of patients, 
respectively IL-17+ and IL-17- we found sig-
nificant correlation with the number of relapses 
in the previous year (p=0.04).  

No other differences regarding the sex, 
age (both of MS onset and at time of the study), 
disease duration, early or late start of the treat-
ment, clinical form of MS, EDSS were found 
between the 2 groups of patients.

When we analyzed the correlation be-
tween the titer of serum IL-17A with different 
characteristics,  we found interesting data.  The 
mean IL-17 plasmatic value correlates signifi-
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Table 1. Demographics, clinical and therapeutically characteristics of MS patients

MS age at onset; at testing 36.7 (9.4); 41.1 (9.2)

Women/men 106 (70.6%) / 48 (29.4%)

EDSS 2.83 (1.8)

Change in EDSS in one year 0.8 (0.9)

Number of relapses within previous year 0.43 (0.61)

RRMS 107(71.3%)

SPMS 43 (28.7%)

Patients on IFN-β 1b; 1a s.c.; 1a i.m. 69; 55; 26

Patients “early treated” 54 (36%)

Patients “late treated” 96 (64%)

“Responders” 114 (76%)

“Nonresponders”  36 (24%)

Data are presented as mean (SD), or number of patients (%) 

Figure 1. IL-17 serum level in responder and 
nonresponder groups
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cantly and directly with the number of relapses 
(p<0.05, r=0.25) (Figure 2).

A statistical correlation was seen between 
the level of IL-17 and the aggravation of EDSS 
score in the previous year (p=0.05, r=0.13).

Even though not statistically significant 
but with a serious trend, the plasmatic level of 
IL-17 correlated directly with EDSS at the mo-
ment of inclusion in the study.

Also a slightly trend was noticed between 
serum levels of IL-17 and the late start of disease 
modifying therapy like IFN-β, as a “late treated” 
patient had higher titers of IL-17.

The mean level of IL-17 did not correlate 
with: age at MS onset or age at inclusion, clinical 
form of MS. 

Regardless of the type of IFN-β used, 
no  correlations  have  been  found  between  the 
levels of serum IL-17 in these patients. 

A limitation of our results that we are 
aware of, is the big value of standard deviation 
regarding the titers of IL-17 found. This fact is 
the consequence of semiquantitative ELISA test 
used for IL-17 detection. For statistical reasons, 
we artificially considered as 0 the value of IL-

17 that was not detected in the serum. Even if 
such transformation of data was necessary, due 
to the type ELISA test, we concluded that the 
statistical significance found is true.

Discussions

Among the disease modifying treatments 
for MS, IFN-β is the most widely used. A major 
limitation with IFN-β is that 50-70% of RRMS 
patients are considered “nonresponders”, accord-
ing to proposed criteria of response (9).

There are many purposed mechanisms of 
action of IFN-β: a) reduces the Th1 pathogenesis 
blocking the proinflammatory properties of IFN-
γ, IL-12, IL-23; b) inhibits the Th17 cell differen-
tiation  by  reducing  IL-1β,  IL-23  and  TGF-β 
(which induces Th17 differentiation) and by in-
creasing IL-10, IL-27, IL-12 and IL-4 (which sup-
press Th17 differentiation) (10).

A systematic analysis of IL-17+ cells in 
the brains of MS patients revealed a significant in-
crease in the number of IL-17+ T cells in active 
areas of MS lesions. In addition, the authors find 
IL-17 production by many CD8+ cells, astrocytes 
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Figure 2. Correlation between the number of MS relapses in the last year and IL-17 serum level (pg/ml)
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and some oligodendrocytes, which spotlight IL-17 
as a critical cytokine in MS (11-14).

The  relapsing  remitting  phase  of  MS 
may  involve  waves  of  proinflammatory  Th1 
and Th17 cells  that  infiltrate the nervous sys-
tem, provoking a clinical attack. The Th17 cells 
percentage increases around seven fold in ac-
tive MS compared with inactive MS or healthy 
subjects.  The progressive phase of MS is be-
lieved  to  be  secondary  to  neurodegenerative 
changes triggered by inflammation (15, 16). 

Axtell et al (17) examined whether the 
cytokine networks regulated by INF-β influence 
its effectiveness as a therapy for RRMS. They 
induced  EAE  by  transferring  myelin-autoim-
mune T cells of either Th1 or Th17 type into 
healthy mice and found that both Th1, Th17 lin-
eages mediated disease, but Th1 cells seem to 
produce more severe EAE. In a key experiment, 
treatment with recombinant human IFN-β exac-
erbated  Th  17-mediated  EAE  but  dampened 
Th1-mediated disease. Next, the authors exam-
ined a group of patients with RRMS according 
with  their  relapse  rates  after  IFN-β  therapy. 
When  the  authors  analyzed  the  cytokine  pro-
files  of  serum samples  taken from these sub-
jects  before  IFN-β  treatment,  they  found  that 
serum  concentrations  of  both  IL-17  and  en-
dogenous IFN-β were elevated in those who did 
not respond to IFN-β compared to responders. 
Non-responders  had  worse  disease  evolution 
with more steroid usage and more relapses than 
did responders. In the opinion of the authors, a 
high  IL-17 concentration in  the  serum of  pa-
tients with RRMS is associated with nonrespon-
siveness to IFN-β therapy.

As  Axtell  et  al  (17)  we  found  the 
strongest correlation with a high level of signif-
icance between the serum level of IL-17 and the 
relapse rate and with EDSS score, both giving 
the  profile  of  “nonresponders”  to  IFN-β.  The 
novelty of our study consists in the fact that we 
tested  patients  under  IFN-β  treatment  for  18 
months. The reason for choosing this minimum 
time for treatment is that the immunogenicity of 

IFN-β expressed by the development of neutral-
izing  antibodies  (NAbs)  is  settled  within first 
12-18 months of treatment (18).

One  can  assume  that  the  presence  of 
high levels of IL-17 in the blood of MS treated 
patients is on account of the presence of NAbs. 
But  our  study  showed  no  difference  between 
patients  irrespective  the  type  of  IFN-β  used, 
while NAbs are much more frequent in patients 
treated with IFN-β 1b (19-21). This leads to the 
future  research  aiming  to  perform a  study  in 
which  both  NAbs  and  IL-17  must  be  deter-
mined and to search other pathological mecha-
nisms of IL-17 production and raise in the pres-
ence of an active therapy with IFN-β in MS pa-
tients.  Researchers  at  Stanford  found  that  in 
people with RRMS, there seem to be 2 types: 
one type characterized by high levels of IL-17 
in the blood and the other type with a low level 
of IL-17. It is possible that interferon-based dis-
ease modifying drugs (Avonex, Rebif, Betafer-
on) have different effects on patients: in those 
with high levels of IL-17 have a proinflamatory 
effect, worsening the disease.

Clinical parameters, such as relapse rate 
and disability progression assessing with EDSS 
scale,  may represent  two useful  indicators for 
therapeutic response.

Based  on  their  biological  characteris-
tics, nonresponsive patients can be divided into 
three subgroups: genetic,  pharmacological and 
pathogenetic nonresponders. 

IFN-β  stimulates  the  expression  of  a 
number of genes (ISG), following interaction with 
a  specific  membrane  receptor  (IFNAR).  Thus, 
misregulation of at least  one ISG might  be re-
sponsible for the failed response to the therapy.

Similarly,  pharmacological  nonrespon-
ders show a lack of clinical efficacy due to pres-
ence of serological factors (e.g. anti-IFN-β anti-
bodies),  inhibiting  IFN-β  biological  activity. 
Thus, when the interaction between IFN-β and 
its receptor is blocked, there can be no clinical 
activity.  Because  measurement  of  the  clinical 
benefit of IFN-β in patients can be difficult, the 
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quantification of molecules up- and down-regu-
lated by IFN-β represents an alternative. Another 
cause  of  pharmacological  nonresponsiveness 
might be anomalous patterns and low expression 
levels of the IFNAR subunits, based on the hy-
pothesis that the biological response to a specific 
ligand is dependent on the receptor expression 
profile in that tissue. A well known phenomenon 
linked to  receptor  stimulation  is  tachyphylaxis 
during IFN-β therapy both from clinical and bio-
logical  perspectives  (chronic  and  prolonged 
treatment with IFN-β in MS patients significant-
ly decreases MxA expression, which is known to 
be regulated exclusively by IFN). It is notewor-
thy that pharmacological non-responsiveness de-
velops over the course of treatment (at IFN-β ini-
tiation, all patients are biological responders). 

On  the  other  hand,  pathogenic  nonre-
sponders  show a lack of  clinical  efficacy,  al-
though  IFN-β  is  still  biologically  active.  In 
these patients, the drug is not able to antagonize 
the pathology due to its aggressive pathogenetic 
characteristics (22, 23).        

The  clinical  course  of  MS  is  unpre-
dictable and, as a consequence, clinicians who 
treat patients with MS are facing different clini-
cal conditions that differ not only from one pa-
tient to another, but also in the same patient as 
the disease progresses (22).

Specific aspects of MS not only compli-
cate the design and conduct of clinical trials, but 
also present challenges when assessing the effect of 
a chronic administered therapy in an individual pa-
tient. MS is known to be variable. A “bad” year 
with three relapses might be followed by a “good” 
year with no relapses, simply because of the vari-
able disease course. MS can respond differently to 
the same treatment as a result of change in disease 
duration, disease category, or age of the patient (5). 

We did not find any significant differ-
ence between the levels of IL-17 and RRMS or 
SPMS stages of evolution. It is well known that 
processes of brain atrophy and accumulation of 
neurological  deficits  in  the  late  stage  of  MS 
does not have in the first place an immunologi-

cal mechanism like secretion of IL-17 (5).      
Axtell  et  al  (17)  analyzed  a  subset  of 

RRMS nonresponders. These patients had high 
serum concentrations of both Il-17 and endoge-
nous IFN-β before IFN-β therapy was initiated, 
compared with responders. This correlation be-
tween high IL-17 and IFN-β concentrations  in 
the serum suggests a tight biological association 
between these two cytokines.  Two hypotheses, 
which may not be mutually exclusive, could ex-
plain this phenomenon. One hypothesis is that a 
non-responsive have aggressive Th17-mediated 
disease,  and,  to  counteract  inflammation,  their 
immune system upregulate IFN-β. Since endoge-
nous  IFN-β expression  is  already  high,  IFN-β 
treatment is ineffective. A second hypothesis is 
that  IFN-β  is  proinflammatory  during  Th-17-
skewed disease. Not only would IFN-β treatment 
be ineffective, it could worsen symptoms.

The data presented in our study, togeth-
er with others demonstrate a phenomenon often 
seen with cytokines. IFN-β has opposing effects 
in different contexts (17). 

The  identification  of  immunological 
parameters associated to clinical subtypes, dis-
ease activity and treatment responsiveness be-
come a major goal in research on MS (24). 

Fortunately, there are patients who are fully 
responsive to IFN-β treatment. Among them, it is 
possible that a proportion of patients may have a 
mild clinical course, but the majority are patients 
constitutively responsive to IFN-β treatment. 

Conclusions

We found significant correlations between 
IL-17A titer and both number of MS relapses and 
neurological EDSS handicap score. This conclu-
sion might mean that in nonresponders to IFN-β 
treatment, high IL-17 detected predicts a more se-
vere evolution unless other therapies emerge. 

Since several  drugs active against MS 
are available, identification of patients for dif-
ferent therapies represents a key point to maxi-
mize the management of this chronic disease. 
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High IL-17 concentration in the serum 
of MS treated patients could play a role in non-
responsiveness to IFN-β therapy. Serum IL-17 
might be a biomarker assay sensitive enough to 
be used at bedside but it must be correlated with 
other  surrogate  markers  for  disease  activity 
(neopterin,  myelin  basic  protein-like,  β2-mi-
croglobulin, etc) or response to immunomodu-
latory treatment. Thus assessing that a patient is 
not responding to a certain treatment still relies 
on the clinical sensibility of the neurologist. In 
the  near  future,  drug-specific  biomarkers  will 
be developed that might have predictive value 
in assessing the response to a therapy or MS.
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Abbreviations

CNS – central nervous system
EAE – experimental autoimmune encephalomyelitis
EDSS - Expanded Disability Status Score
IFN – interferon
IL – interleukin
i.m. – intramuscular
MS – multiple sclerosis
MxA – myxovirus type A
NAbs – neutralizing antibodies
RRMS – recurrent remitting multiple sclerosis
s.c. – subcutaneous
SP – secondary progressive multiple sclerosis
TGF – tumor growth factor
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