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Abstract

Introduction: In experimental autoimmune encephalomyelitis, neurological deficit correlates with axonal loss and the CD8+ T cells are
a likely mediator of axonal damage. In relapsing-remitting multiple sclerosis, there is a correlation of the immune inflammatory activity
in the lesion foci with the axon transection.

Aim: To evaluate the changes occurring in the serum concentrations of TNF-a, IFN-y, IL17, TGF-f1, IL4, and IL10 during relapse and
remission, and their correlations with the degree of neurological deficit.

Materials and methods: In an open, prospective, case-control study conducted between 2012 and 2014, we examined 86 people: 46
patients (33 women and 13 men) and 40 healthy individuals (20 women and 20 men).

Serum cytokine concentrations were analyzed using ELISA - once in the controls, twice in the patients during the relapse and remission
of the condition.

The collected data were analyzed using SPSS 19.0. We used the Kolmogorov-Smirnov test, the independent sample ¢-test, the Spearman
and Pearson correlation, the Mann-Whitney test, and regression analysis.

Results: Immune imbalance was found in the patients compared to the healthy controls in both relapse and remission. During the
relapse, the IFN-y levels were significantly increased compared to the levels in remission (p=0.017). During remission, the deficit was
statistically significantly improved (p<0.001) and the anti-inflammatory IL4 and TGF-p1 were increased compared to their levels in the
exacerbation period (p=0.006 and p=0.009, respectively). There was a causal relationship between the serum concentrations of TNF-a
and EDSS in relapse (Vanetto-significance). During this phase, the regression analysis established two factors that had statistically sig-
nificant influence on the deficit severity - TNF-a and IL17 (t=2.093, p=0.042; t=—2.140, p=0.038).

Conclusions: IL17 and TNF-a serum concentrations are significant factors for the neurological deficit severity. The levels of IFN-y, IL4,
and TGF-pB1 during both periods are criteria for evaluation of the immune inflammatory activity.

Keywords

cytokines, multiple sclerosis

Copyright by authors. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

625



G. Slavov

INTRODUCTION

Multiple sclerosis (MS) is an organ-specific disease with
various patterns of myelin destruction in the central ner-
vous system (CNS) and persistent immune imbalance in
the periphery. Recent studies provide evidence of a causal
relationship between intrathecal immunoglobulin syn-
thesis and cerebral atrophy associated with axon loss.!!
An immune mechanism of axonal transection is also as-
sumed, but there is currently no conclusive evidence of
direct disorders caused by specific immune mediators. In
the experimental model (EAE), the deficit severity cor-
relates with axon loss and the CD8+ T cells are a likely me-
diator of axonal damage.*>) Experimental clinical results
show that Th1-dependent synthesis of TNF-a, IFN-y, and
Th17-mediated production of IL17 and IL22 are inducers
of the immune response while Th2-mediated secretion of
IL4, IL5, IL6, and IL13 has anti-inflammatory effects. The
peripheral imbalance is characterized by impaired func-
tion of the regulatory CD4+ CD25+ FoxP3 subpopulation
producing the anti-inflammatory cytokines (cc) TGF-p1
and 1L10.°-1 Establishing scientific facts about the causal
relationship between changes in the immune parameters
and clinical indicators of disease activity is a prerequisite
for achieving optimal suppression of the immune response
by including targeted immunoeftective drugs.

AIM

The current study sought to assess changes in serum con-
centrations of TNF-a, IFN-vy, IL17, TGF-B1, IL4, and IL10
during the relapse and remission phases, as well as their
relationship to the severity of the neurological deficit.

Design

This open, prospective, case-control study was conducted
between 2012 and 2014. Ethical approval was granted for
this study by the Ethics Committee of the Medical Univer-
sity of Plovdiv (No. 3/05.07.2012).

Cohort

Eighty-six subjects were studied: 46 patients (33 women and
13 men) and 40 healthy people (20 women and 20 men).

Inclusion criteria

Age from 18 to 50 years; patients with relapsing-remitting
type of MS, consecutive attacks, degree of neurological
deficit 1.5-5.0 EDSS.

Exclusion criteria

Primary and secondary progressive course, acute and
chronic infections, disease modifying drug therapy in the

year preceding the date of registration, corticosteroid treat-
ment 3 months before the first test, and treatment with im-
munosuppressive drugs.

MATERIALS AND METHODS

Clinical

The McDonald’s (2010) criteria for MS diagnosis, Expand-
ed Disability Status Scale (EDSS) for determining the de-
gree of neurological deficit. The relapse is defined as the
manifestation of new neurological signs or worsening of
old ones lasting >24 hours, aggravation of EDSS by 0.5 in
the absence of fever and after a period of 30 days improve-
ment, or stable condition after another attack. Patients with
relapse were hospitalized in the Clinic of Nervous Diseases
at St George University Hospital, Plovdiv. Treatment with
methylprednisolone (Sopharma) 500 mg i.v. in the morn-
ing, at a course dose of 2500 mg.

Laboratory

The serum levels of TNF-a, IFN-y, IL17, TGF-f1, IL4, and
IL10 in the patients were studied twice, during relapse and
during remission, at least two months after the relapse. The
cytokines of the control group were studied once. The se-
rum cytokine concentrations in pg/ml were determined
with ELISA. Venous blood taken routinely was used in the
study. The obtained serum was stored at —20°C until the
test was performed. The serum levels were determined with
enzyme-linked immunosorbent assay with original ELISA
kits (eBioscience, Austria, catalogue No. BMS2082). Each
sample was examined by duplicate analysis. They were
read serially by an ELISA-reader (Sirio-microplate reader
SEAC-Italy) at A=450 nm (reference A=620 nm). The con-
centration of each cytokine was calculated by plotting a
standard curve.

Statistical analysis

Data were analyzed using SPSS 19.0. The following meth-
ods were used: the Kolmogorov-Smirnov test to determine
the distribution, the independent samples ¢-test, the paired
t-test, the Spearman correlation, the Mann-Whitney test,
and regression analysis.

RESULTS

The clinical characteristics of the cohort are presented in
Table 1.

The two groups were age-matched (t=1.76, p>0.05). The
proportion of patients with MS onset between 17 and 30
years of age (52%) was the largest. The majority of patients
had had multiple sclerosis for up to 5 years (57%). All pa-
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Table 1. Clinical characteristics of the cohort

Cytokine Profile and Deficit Severity in RRMS

Indicator Sex
Y Yo t first
N M cars Years of disease ear? fa r.s
Groups Mean + SEM manifestations
n n
Controls 40 20 20 34.67+1.15 - -
Patients 46 33 13 37+1.83 7.17+1.17 30+1.29

tients had another relapse by the end of the first month,
with the greatest proportion being those registered by the
end of the third week (76.08%, n=35). The average se-
verity of neurological deficit in relapse was 2.36+0.11, in
remission — 1.64+0.11. The neurological deficit significant-
ly decreased during remission compared to that in relapse
(p<0.001).

Tables 2 and 3 present the results of the studied cyto-
kines during the two periods after comparison with the
controls.

Significantly low levels of TNF-a, IL10, and IFN-y were
found in the patients during both periods; significantly
higher levels of TGF-1 were found during remission com-
pared to the controls. The cytokine changes during both
periods are presented in Table 4.

During remission, the concentrations of IL4 and
TGEF-B1 increased statistically significantly, and the mean
IFN-vy levels decreased. Correlation analysis and single-fac-
tor linear regression were used to analyze the relationship
between the changes in the studied cytokines and the defi-
cit severity during the two phases.

During the relapse, we found a weak statistically sig-
nificant correlation between TNF-a levels and the deficit
severity (r=0.301).

During exacerbation, IL17 and TNF-a affected the neu-
rological deficit severity.

Table 4. Changes in mean serum cytokine concentrations during
the periods of relapse and remission

ki
Cytokines Clinical period U p
pg/ml
Relapse
IL17 o 0.53 >0.05
Remission
Relapse
1L4 o 2.73 0.006
Remission
Relapse
IL10 o 0.25 >0.05
Remission
Relapse
TNF-a o 0.49 >0.05
Remission
Relapse
TGF-B o 2.74 0.009
Remission
Relapse
IFN-y o 2.39 0.017
Remission
DISCUSSION

During both relapse and remission, impaired immune tol-
erance was found in the patients compared to the healthy
people: significantly low levels of TNF-a, IFN-y, IL10 in
both phases and TGF-B1 increase during remission. Other

Table 2. Comparison of the pro-inflammatory cytokines levels during the two clinical periods with those in the controls

IL17 TNF-a IEN-y
Groups N  Mean/SD U P Mean/SD U P Mean/SD U P
pg/ml pg/ml pg/ml
Controls 40  44.908/19.765 4.447/2.434 5.065/4.777
Patients in relapse 46  58.346/48.973 -0.77 >0.05 3.493/2.553 -2.40 <0.05 1.969/2.117 -3.68  <0.001
Patients in remission 46  53.670/39.776 -1.36 >0.05 3.327/1.925 -249 <0.05 1.145/1.142 -5.04 <0.001
Table 3. Comparison of the anti-inflammatory cytokines levels before the two clinical periods with those in the controls
L4 IL10 TGF-B
Groups N  Mean/SD U P Mean/SD ) P Mean/SD U P
pg/ml pg/ml pg/ml
Controls 40  15.148/19.204 - - 2.631/1.466 - - 0.504/0.2778 - -
Patients in relapse 46  11.506/7.372 -0.33  >0.05 1.666/1.461 -3.55 <0.001 0.540/0.190 -1.50 >0.05
Patients in remission 46  16.554/15.227 -1.05 >0.05 1.744/1.664 -2.97 <0.01 0.714/0.405 -2.09 <0.05
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Table 5. Single-factor regression linear model for EDSS and IL17 during relapse

Indicator
Non-standardized Standardized 95.0% Confidence interval
Model coefficients coefficients t P for B
B Std. Error  Beta Lower Upper
(Constant) 2.633 0.167 15.797 0.000 2.297 2.969
IL17 in relapse —-0.005 0.002 -0.307 -2.140 0.038 —-0.009 0.000
a. dependent variable: EDSS in relapse
Table 6. Single-factor regression linear model for EDSS and TNF-a during relapse
Indicator
Non-standardized Standardized 95.0% Confidence interval
Model coeflicients coeflicients t P for B
B Std. Error  Beta Lower Upper
(Constant) 2.050 0.182 11.256 0.000 1.683 2.417
TNF-a in relapse 0.088 0.042 0.301 2.093 0.042 0.003 0.174

a. dependent variable: EDSS in relapse

authors have found high concentrations of TGF-p1, IFN-y,
TNF-a, and IL6 before exacerbation, and suggest compen-
satory excess activity or fluctuations in antimyelin reactiv-
ity.l!213] We assume that the obtained results also reflect
this aspect of cytokine secretion. Pro-inflammatory IFN-y
dominates during the deficit aggravation phase. Several
studies have identified IFN-y as a marker for assessing the
Thl-induced pro-inflammatory activity.1*"18) Some exper-
imental findings contradict this hypothesis. In monkeys
treated with IFN-y - reduction of inflammation. Reyers
et al. assume anti-inflammatory effects and synergistic
suppressive action with IFN-P on the progression of the
experimental model.l') The result obtained for a signifi-
cant increase in IFN-y during the relapse, we evaluate as
a sign of pro-inflammatory activity. During remission, the
deficit severity significantly decreases, and IL4 and TGF-f1
increase. Numerous reports confirm the anti-inflammatory
profile of these cytokines: higher IL4, TGF-p mRNA
serum levels in patients with mild deficit compared to
cases of severe disability, negative correlation between
serum TGF-P1 concentrations and magnetic resonance
imaging. 22| In this study, we have established a causal
relationship between TNF-a levels and the deficit severity
during relapse. Two factors with statistically significant ef-
fect on the deficit severity were found during the same clini-
cal phase - TNF-a and IL17. Other observations during the
period of disease activity establish high concentrations of
TNF-a in the cerebrospinal fluid of the patients, compared
to the healthy, high levels of ICAM1 and TNF-a receptors
in the cerebrospinal fluid of patients.[?* A study of a ther-
apeutic intervention that blocks the TNF-a effects shows
deterioration of the disease, which suggests another aspect
of its action - neuroprotective/anti-inflammatory.!2*/ We
evaluate the obtained results as a sign of pro-inflammatory

effects. The information about the immunomodulatory po-
tential of IL17 is not definitive. In animals with suppressed
IL17 expression, the model has a reduced deficit. In new-
born mice treated with myelin proteins and increased IL17
secretion, the experimental model did not develop.!?5-2%)
Other results show pro-inflammatory effects: elevated IL17
concentrations in the patients compared to the control,
significantly higher proportion of ThIL17 lymphocytes
during exacerbation compared to remission.!283U Accord-
ing to the contemporary notion of plasticity/ instability
of the differentiation program into T-regulatory or Th17
pro-inflammatory phenotype, the low levels of TGF-f1 in
the presence of IL6, IL21, IL23 rearrange the program to
polarization into Th17 phenotype.?>% This study did not
find significant differences between the changes in IL17
during the two phases and compared to the controls.

CONCLUSIONS

The IL17 and TNF-a serum concentrations are factors for
the neurological deficit severity and further studies are
needed to clarify their role.

Thelevels of IFN-v, IL4, and TGF-B1 during both periods
are criteria for evaluation of the immune inflammatory
activity.
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Pe3tome

BBepeHue: IIpu sxcrepyMeHTaTbHOM ay TOMMMYHHOM 3HIje(aToMyenTe HeBPOIOrnYecKuii feuLuT Koppenmpyer ¢ IoTepelt akco-
HOB, 2 CD8+ T-KIeTKM AB/IAIOTCA BEPOATHBIM MEMATOPOM NOBPEXAeHNMA aKCOHOB. [Ipy perauBupyoe-peMUTTUPYIOIEM pacce-
AHHOM CKJIepO3€e UMeeTCA KOPPeNAla MMMYHOBOCIAMTETbHOI aKTMBHOCTY B OYaraX NOPa)keHNs C Iepepe3Koii aKCoHa.

Lienb: Ouennts n3MeHeHNst CBIBOPOTOUHBIX KOHIeHTpanuit TNF-a, IFN-y, IL17, TGF-$1, IL4 n IL10 B miepnon 060CTpeHus 1 pemuc-
CUU U UX B3aVIMOCBS3b CO CTEIIEHbIO0 HEBPOJIOTMYECKOro iepuunTa.

Marepunanbl 1 MeTofbl: B 0TKpbITOM IPOCHEKTMBHOM MUCC/IENOBAHNN CTy4ail-KOHTPOJIb, IPOBEEHHOM B Iepuof ¢ 2012 mo 2014 .,
o6ceoBaHo 86 YenmoBek: 46 6ONMbHBIX (33 >KeHIMHBL 1 13 My>XunH) 1 40 350poBbIx it (20 >KeHIH 1 20 MyXXYNH).

KoHI[eHTpaluio IMTOKVHOB B CBIBOPOTKE KPOBY aHaMU3MpoBany ¢ nomomuibio ELISA — omHOKpaTHO B KOHTpOJIE, IBYKPATHO y 60/b-

HBIX B IIEpUOL peIyiAMBa I pEMUCCUN COCTOAHNA.

Cob6paHHble TaHHbIE OBUIN IPOAHAMN3UPOBAHBI ¢ ToMoLbio SPSS 19.0. Mbl ncronbaoBany tect Konmmoroposa-CMUpHOBA, t-TeCT st
He3aBUCUMBIX BbI60POK, Koppensiuio CrnpMeHa u [Inpcona, rect Mann-Whitney 1 perpeccuoHHbIIT aHAINS3.

Pesynbrartbl: VIMMyHHBII fic6amaHc 6T 0OHAPY>KeH Y MaLlMeHTOB II0 CPaBHEHMIO CO 3OPOBBIM KOHTPOJIEM KaK IPM peliinBe, TaK
u 1ipu pemuccyn. Bo Bpemsa peunpyuba ypoHM IFN-y OBV 3HAUNTENIBHO MOBBILICHBI IO CPABHEHMIO C YPOBHAMM B IIEPYOJ PEMUCCUN
(p=0.017). B mepuox pemuccuu fepuumT CTaTUCTUYECKN 3HAYMMO yMeHbLIancs (p<0.001), a mpotrBoBocnanurenbubie IL4 u TGF-P1
HOBBIIIA/INCD TT0 CPABHEHUIO C X YPOBHAMMU B nepuofe oboctpenus (p=0.006 u p=0.009 coorBeTcTBeHHO). CyllecTBOBaIa IPUYNH-
HO-CJIE[ICTBEHHas CBA3b MeXXAY KoHIeHTpanusamu TNF-a B ceiBopoTke KpoBu 1 EDSS npu peranse (3HaunmocTts Vanetto). Ha atom
3TaIle ¢ IOMOIIBI0 PErPeCCHOHHOTO aHa/M3a ObUIY YCTaHOB/ICHBI 1Ba (PaKTOPa, OKa3bIBAaBIIMX CTATMCTUYECK 3HAYNMOE BIVMAHME Ha
BBIpa)XeHHOCTD Aeduuyra — TNF-a u IL-17 (t=2.093, p=0.042; t=-2.140, p=0.038).

3akntoueHue: Konuenrpanym VJI-17 u PHO-a B CBIBOPOTKE KPOBMU ABJIAIOTCS 3HAYMMBIMY (PaKTOPaMIM TSHKECTY HeBPOIOTUMYECKOTO

meduuyra. Yposuu IFN-y, IL4 u TGF-p1 B 06a nepuopa sAB/sAI0TCA KPUTEPUAMM OLIEHKM UMMYHOBOCIIA/IUTEIbHOM aKTUBHOCTH.

KnwoueBble cnoBa

LIMTOKMHDI, PACCEAHHBII CK/IEPO3
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