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FIRST LINE THERAPY FOR MULTIPLE SCLEROSIS: CYTOKINE LEVELS AND
THE IMPACT OF HERPESVIRUS INFECTION
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The effects of the disease modifying drugs (DMDs) for multiple sclerosis (MS), interferon beta (IFNB) and glatiramer acetate (GA), on the cytokine levels of individuals
with MS are poorly understood. The effects of persistent herpesvirus infection (PHVI) on the cytokine production during treatment with DMDs for MS have not been
identified. The role of cytokines and PHVI in the development of the treatment-related adverse events (AEs) has not been determined. The study was aimed to assess
serum cytokine levels in patients with MS treated or not treated with DMDs for MS, and to determine the relationships between the cytokine levels, herpesvirus
infection, and AEs. A total of 36 patients (12 males and 24 females, median age 38.50 (28.00; 48.50) years) with relapsing-remitting MS (criteria by McDonald,
2010) were examined. PHVI reactivation was observed in 18 individuals; in 10 of them it was associated with the history of the virus-associated exacerbation (VAE)
of MS or VAE detected during assessment. A total of 30 patients were treated with DMDs for MS: 16 individuals with IFNB, 14 individuals with GA. Systemic AEs
were reported in 9 individuals. Serum levels of 15 cytokines were determined using the xMAP multiplex technique. Patients with MS showed a significant increase
in the levels of IL10 (p < 0.01) and IL33 (p < 0.001) relative to donors when treated or not treated with DMDs for MS; the increase in IL31 levels was reported only
in naive patients (o < 0.05). At the same time, individuals with MS had low levels of IL18, IL17F, IL22, IL25, IL23, and TNFa (p < 0.01). We revealed no differences
in cytokine levels in the context of taking IFNB or GA. Elevated IL10 levels were associated with PHVI reactivation (p < 0.01). We revealed significant correlations
between high levels of IL31 and VAE (p < 0.01), IL33 and PHVI (p < 0.01). The IL1 levels were significantly higher in individuals with PHVI reactivation treated with
DMDs for MS. There were no differences in cytokine levels associated with the presence or absence of systemic AEs. The latter predominated in individuals with
PHVI reactivation and VAE. The cytokine levels of individuals with MS are affected by treatment with DMDs for MS and herpesvirus infections.
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TEPANUA PACCESAHHOIO CKJIEPO3A NPEMNAPATAMW NEPBOW NIMHUMW:
YPOBEHb LUUTOKNHOB U BJIMAHUE MEPNETUYECKON MHOEKLINN

H. C. Baparoesa'®, M. C. lprick’, A. A. Baparos', H. H. Crinpur!, A. C. ApTioxos?, [. B. Kucernes!

" flpocnaBcKumin rocyaapCTBEHHbIN MeONLMHCKNIA YHUBEPCUTET, Apocnasnb, Poccus
2 POCCUINCKMIN HaUMOHaUIbHBIN UCCNeAoBaTENbCKUIN MeVLIMHCKNA yHBepCUTET UMmeHn H. . TMuporosa, Mocksa, Poccust

IMpw paccestHHOM cknepose (PC) HeAOCTATOYHO M3YHEHO BMSIHME Ha YPOBEHD LIMTOKUHOB Tepaniv npenaparamul, U3MEHsIIOLLIMY TeHeHe PaCcCesHHOro CKlepo3a
(MNTPC) — nHTepdepoHa-beta (MH®D-B) n rmatvpamepa auetata (MA). He ycTaHOBNEHO BAMSHME NMEPCUCTUPYIOLLEN repriec-BupycHom nHdekumn (MrBYI) Ha
NPOAYKLUMIO LUTOKMHOB Ha hoHe Tepanum MUTPC. He onpepeneHa ponb LMTokMHOB 1 MBI B pa3Butm HexkenatenbHbix seneHni (HA) npy neverun. Liensto
1cenefoBaHys BbI10 MPOBECTMN OLEHKY KOHLIEHTPaLMM LUTOKMHOB B ChIBOPOTKE KPOoBU Y 60s1bHbIX PC, HaxogsLmxes Ha Tepanum MIATPC 1 6e3 Hee, onpefeneHve
CBSI3U MEX[1y YPOBHEM LITOKNHOB, reprec-BupycHom nHexkumen n Hy. O6cnenosaHo 36 60bHbIX (12 My>XHMH 1 24 xeHLLHbI, MeavaHa Bo3pacTa 38,50 (28,00;
48,50) roga) ¢ pemutupytoLLmm TedeHnem PC (kputepum McDonald, 2010). Y 18 venosek Habntoganm peaktnsauuio NMBU, y 10 oHa conpoBoxaanach passutiem
BMpYyC-accoLpmpoBaHHoro obocTperms (BAO) PC B aHamHese nnm npu ocmotpe. Tepanuto MIATPC nposogmnm 30 nauperTam: 16 denosek — VHD-B, 14 yenosek — lA.
CurcTeMHble HA 6blnn y 9 YenoBek. KoHUeHTpaumio 15 LUMTOKMHOB B CbIBOPOTKE KPOBY OMPEAensn MynstunnexkcHorm texHonorvein XMAP. Y nauvenTtos ¢ PC no
CpaBHEHWIO C fIoHOPamMK Bbin 3Ha4MMo noBbiteHb! IL10 (o < 0,01) n IL33 (p < 0,001) npu Tepanum MINTPC 1 6e3 Hee, ypoBeHb IL31 BO3POC TONLKO Y HavBHbIX
6onbHbIX (0 < 0,05). OgHoBpemeHHo Mput PC 6binn HU3KMe 3HadeHus IL1B, IL17F, IL22, IL25, IL23 n ®HO-a (p < 0,01). He ycTaHOBNEHO paznuymii B ypoBHE
LMTOKMHOB Ha doHe VIHD-B nmm A, IL10 6bin nosbiweH npu peaxktusaumm MBI (o < 0,01). BbisiBneHbl AOCTOBEPHbIE CBA3M MEX[Y BbICOKMMMN 3Ha4eHnamMu IL31
1 BAO (p < 0,01), IL33 n MMBW (p < 0,01). Ha doHe Tepanumn VH®-B npu peaktuBaumm MBI koHuUeHTpaums IL13 6bina 3Ha4mMo BbilLe. YPOBEHb LINTOKVMHOB He
pasnu4ancs Npu HanM4MmM NAM OTCyTCTBUN cUcTeMHbIX HA. MNocneaHne npeobnaganv npn peaxktnsauum MIBK n BAO. Ha yposeHb LToknHos npu PC BivsiioT
Tepanusa MNMATPC 1 repnec-BYpYCHble NHMDEKLMN.

KntoueBble cnoBa: paccesiHHbI CKNepo3, N3MEHSAIOLLIE TEHEHNE PaCcCEeAHHOrO CKepo3a npenaparsl, LMTOKWHDI, reprnec, HexkenaTtenbHble SBneHuns
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Multiple sclerosis (MS) is a chronic demyelinating disease of
the central nervous system with the autoimmune inflammatory
and neurodegenerative pathogenetic mechanisms [1].
Interferons beta (IFNB) and glatiramer acetate (GA) are the
main first line disease modifying drugs (DMDs) for MS [1-3].
Today, despite the long-term effective use of high-dose IFNB
and GA in clinical practice, their exact mechanisms of action
are poorly understood [4, 5]. The effects of IFNB and GA on
the levels of pro-inflammatory (interleukin (IL) IL1B, IL6, IL17,
IL23, tumor necrosis factor — (TNFa), interferon-y (IFNy))
and anti-inflammatory (IL4, IL10) cytokines are the most
thoroughly studied [6-8].There are sporadic papers focused on
comparative assessment of the cytokine profiles of untreated
patients and patients using IFNB or GA [9-13]. In foreign
literature, there is a number of studies focused on assessing
the effects of these drugs on the levels of IL31 and IL33 [10, 11,
12, 14-17], however, no such studies have been carried out in
Russia. Furthermore, the contribution of herpesvirus infection
representing one of the etiological factors of the disease and
the trigger of exacerbation in some patients with MS to the
cytokine profile formation during treatment with IFNB or GA is
poorly understood [18, 19].

We have earlier determined the differences in the cytokine
levels associated with the disease exacerbation and remission,
as well as their correlations with the clinical manifestations of
the persistent herpesvirus infection (PHVI) reactivation [20],
however, no assessment of the effects of the ongoing therapy,
drugs use, and the treatment-related systemic adverse events
(AEs) have been carried out. This study is an extension of
scientific research on the issue.

The study was aimed to assess serum cytokine levels in
patients treated and not treated with high-dose IFNB or GA,
as well as to determine the relationships between the cytokine
levels, herpesvirus infection and the treatment-related AEs.

METHODS

A total of 36 patients (12 males and 24 females) were included
in the study. Inclusion criteria: reliable diagnosis of MS based
on the criteria by McDonald, et al. (2010). Patients were
enrolled November 2013 to June 2017. The patients’ median
age at the time of examination was 38.50 (28.00; 48.50) years,
the age of onset was 27.00 (21.50; 38.00) years, and the
disease duration was 9.50 (3.50; 12.50) years. All the patients
had relapsing-remitting MS (RRMS), 29 individuals (80.6%)
had remission, 7 individuals (19.4%) had exacerbation of the
disease. All patients with RRMS were divided into patients
with active and inactive MS (17 (47.2%) and 19 (52.8%)
individuals, respectively) in accordance with the classification
by F. Lublin (2013). Furthermore, patients with highly active MS
(6 individuals (35.3%) having two or more exacerbations per
year) were further counted among patients with active MS. The
neurological status clinical assessment was performed using
the double scoring system by J. F. Kurtzke: Functional Systems
(FS) and Expanded Disability Status Scale (EDSS).

A total of 30 patients (83.3%) were treated with DMDs for
MS (16 with high-dose IFNB and 14 with GA) and 6 individuals
(16.7%) received no therapy. A total of 18 patients (50.0%)
had reactivation of PHVI, and in 10 individuals (27.8%) PHVI
reactivation was associated with the history of virus-associated
exacerbation (VAE) or VAE detected during examination.
Tolerability of the ongoing therapy with DMDs for MS was
estimated in 28 patients, who filled the questionnaire for
identification of the treatment-related AEs. We analyzed
systemic AEs reported in 9 individuals (32.1%).

To achieve the objectives, we performed comparative
analysis of the clinical characteristics of the groups of patients
with MS not treated with DMDs for MS and treated with IFNB
or GA only (Table 1).

The groups compared did not differ in terms of gender,
age of onset, fact of detecting serological markers of past EBV
infection. The patients’ age at the time of examination was
significantly higher in the group of patients taking any DMD
for MS than in the group not taking such drugs (p < 0.05).
The same trend was reported for the groups using IFNB or GA
(o > 0.05).

The disease duration and the total number of exacerbations
were significantly higher in the overall group of patients taking
DMDs for MS and the patients taking IFNB or GA, than in
untreated patients. The total amount of neurologic deficit and
the time to reach disability (EDSS = 3) were higher in the context
of taking DMDs for MS, however, the differences were non-
significant. The signs of PHVI reactivation and VAE, serological
markers of past cytomegalovirus (CMV) infection were slightly
more frequent in these groups.

More active course of MS, higher rates of exacerbations
and highly active variant of the disease, the emergence of new
foci on MRI compared to patients taking DMDs for MS were
reported in patients not treated with such drugs. The average
annual exacerbation rate and the rates of disease progression
and neurologic deficit increase were significantly higher (o < 0.05
and p < 0.01). There were no differences in the majority of
indicators between the groups of patients taking IFNB or GA.
However, the use of IFN was associated with the more severe
systemic AE severity, than the use of GA.

We assessed 18 generally healthy donors as controls. The
control group was matched by gender — 7 males (38.9%) and
11 females (61.1%); age — 39.10 (29.00; 49.60) years with
the group of patients having MS. Exclusion criteria: chronic
neurologic disorder; exacerbation of somatic disorder. The
standard neurologic examination and history taking aimed to
exclude the disorders capable of affecting the assessment
results were performed in all patients.

Blood serum testing aimed to determine the levels of type-
specific IgM and IgG against type 1 and 2 herpes simplex
virus (HSV), IgM and IgG against varicella-zoster virus (V2V), IgM
and 1gG against the VCA capsid antigen of the Epstein-Barr
virus (EBV), IgG against early antigens EA and nuclear antigen
NA of EBV, IgM and IgG against CMV were carried out by
enzyme-linked immunoassay (ELISA) using the standard
reagent kits (Vector-Best; Novosibirsk, Russia) at the clinical
and diagnostic laboratory, Set’ LLC (Yaroslavl), in accordance
with the manufacturer’s instructions in all patients with MS and
members of the control groups.

Serum levels of 15 cytokines (IL16, IL4, IL6, IL10, IL17A,
IL17F, IL21, IL22, IL23, IL25, IL31, IL33, IFNy, TNFa, sCD40L)
were determined by the xXMAP multiplex technique using the
Bio-PlexTM 200 System (Bio-Rad; USA) and appropriate
reagents (Bio-Rad; USA) at the laboratory of the Research
Institute of Translational Medicine, Pirogov Russian National
Research Medical University.

Statistical processing of the results was performed using
the Statistica 10.0 software package (StatSoft; USA) including
the generally accepted parametric and nonparametric analysis
methods. As for parameters, the distribution of which was
non-normal, the Mann-Whitney U test was used to compare
two groups, and the Kruskal-Wallis test was used to compare
three or more groups (for independent groups). The results
were presented as the median (Me) with interquartile range
[250; 75" percentiles], the mean (M) and standard deviation
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Table 1. Clinical characteristics of patients with MS (Me (25™; 75" percentiles), n = 36)
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. No therapy with Therapy with IFNB or GA . B Therapy with GA
Indicator DMDs for MS (= 6) (n=130) Therapy with IFNB (n = 16) (n=14)
Gender: males, n (%) 2 (33.3) 10 (33.3) 6 (37.5) 4 (28.6)
females, n (%) 4 (66.7) 20 (66.7) 10 (62.5) 10 (71.4)

Age (years)

24.50 (23.00; 39.00)

39.00* (34.00; 51.00)

38.50 (33.00; 45.00)

39.00 (35.00; 55.00)

Age of onset (years)

22.50 (22.00; 39.00)

27.00 (21.00; 37.00)

28.50 (22.00; 34.00)

27.00 (21.00; 39.00)

Disease duration (years)

1.00 (1.00; 4.00)

11.00™ (6.00; 18.00)

11.00* (5.50; 12.50)

11.00” (6.00; 20.00)

Duration of therapy with DMDs

30.00 (9.00; 67.00)

30.00 (14.00; 73.00)

38.00 (29.00; 74.00)

for MS (months)

Highly active, n (%) 3(50.0) 3 (10.0)* 2(12.5) 1(7.1)
Exacerbation detected

(clinically + MRI), 1 (%) 3(50.0) 4(13.3) 3(18.8) 1(7.1)
Emergence of new foci on MRI, n (%) 4 (66.7) 8 (26.7) 6 (37.5) 2 (14.3)*

EDSS at the time of examination (points)

2.50 (1.50; 3.00)

3.50 (2.00; 4.50)

3.50 (2.50; 4.75)

3.50 (2.00; 4.50)

Total number of exacerbations

2.00 (1.00; 3.00)

4.00"* (3.00; 6.00)

4.00* (3.00; 6.50)

4.50™ (4.00; 6.00)

Average annual exacerbation rate

1.50 (0.75;2.00)

0.42* (0.32; 0.83)

0.58" (0.31; 0.90)

0.37* (0.32; 0.83)

Progression rate (points/year)

1.75 (0.75; 2.00)

0.28™ (0.21; 0.50)

0.46" (0.22; 0.66)

0.23" (0.19; 0.50)

Duration of first remission (months)

6.00 (2.00; 15.00)

12.00 (8.00; 24.00)

12.50 (9.00; 24.00)

12.00 (8.00; 24.00)

Rate of neurologic deficit increase
(points)

3.00 (1.50; 5.00)

0.53** (0.33; 1.00)

0.73" (0.35; 1.00)

0.39" (0.27; 1.08)

Total amount of neurologic deficit on
the FS scale (points)

5.50 (2.00; 6.00)

7.50 (3.00; 9.00)

7.50 (4.00; 9.00)

7.50 (3.00; 9.00)

Time to reach disability EDSS = 3
(years)

0.50 (0.00; 3.00)

3.50 (0.00; 7.00)

2.75 (0.00; 8.50)

4.00 (0.00; 7.00)

Duration of therapy with DMDs for MS
(months)

34.50 (20.00; 74.00)

30.00 (14.00; 73.00)

38.00 (29.00; 74.00)

Systemic adverse events associated
with using drugs modifying the course
of MS (n = 28), n (%)

9 (32.1)
(n=28)

5 (35.7)
(n=14)

4(28.6)

Severity of systemic AEs associated
with DMDs for MS (points)

6.00 (1.50; 11.00)

6.50 (5.00; 12.00)

2.00 (0.00; 11.00)

Reactivation of persistent herpesvirus

infection detected, n (%)

0,
infection (PHVI) detected, n (%) 2333 16(53.3) 10 (62.%) 62.7)
Virus-associated exacerbation (VAE) o
detected, 1 (%) 1(16.7) 9 (30.0) 5(31.3) 4 (28.6%)
Serological markers of past EBV
infection detected, n (%) 6 (100) 30 (100) 16(100) 14(100)
Serological markers of past CMV 4(66.7) 27 (90.0) 15 (93.8) 12 (85.7)

Note: *— p < 0.05, ** — p < 0.01 compared to the group not treated with DMDs for MS.

(o). Fisher's exact test was used to compare samples based
on the qualitative traits and to assess the occurrence of traits.
Spearman’s rank correlation was used for correlation analysis.
The differences were considered significant at p < 0.05.

RESULTS
Cytokine levels in patients with MS and donors

Table 2 provides the results of assessing cytokine levels in the
groups of patients, not treated with DMDs for MS, treated with
DMDs for MS, using high-dose IFNB or GA, and donors.

A significant increase in the levels of IL10 (p < 0.01) and
IL33 (p < 0.001) relative to controls was reported for all groups
of patients with MS. The IL31 levels significantly higher relative
to donors was reported only for the group of patients not
treated with DMDs for MS (p < 0.05). The upward trend of the
IL4 levels associated with MS was reported (p > 0.05).

In contrast, the levels of IL16, IL17F, IL22, IL25, and TNFa
were significantly higher in donors, than in patients. There were
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almost no differences in the levels of IL6, IL17A, IL21, IL23,
IFNy, and sCD40L between groups.

Cytokine levels in patients not treated and treated
with DMDs for MS

We revealed a significant increase in the levels of IL10 in the
naive patients compared to patients treated with DMDs for MS.
The untreated patients showed a significant increase in the IL31
levels compared to the overall group of patients taking DMDs
for MS and GA. These differences were a trend in individuals
taking IFNB (o = 0.06). There were no differences in the levels
of other cytokines between the groups compared (p > 0.05).

We also revealed no differences in the tested cytokine levels
in the groups of patients taking IFNB or GA.

The increase in the levels of IL31 (by more than 15.08 pg/mL;
M + 3o in the group of donors) was found in 5 individuals
(13.8%), more often in the group of patients not taking DMDs
for MS. High IL33 levels (exceeding 3.40 pg/mL; M + 3o in
the group of donors) were reported in 20 patients (52.8%), the
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Table 2. Serum cytokine levels (Me (25th; 75th percentiles)) of patients with MS and donors

Donors No therapy with | oy with IFNB | Therapy with IFNg | Therapy with GA
DMDs for MS
Indicator (pg/mL) (n=18) (n=6) or GA (n = 30) (n=16) (n=14) P
1 2 4 5
p,, <0.05
IL1p 145(0.16:2.18) | 0.04(0.01:0.05) | 004(0.00;0.08 | 0.04(0.00;0.09 | 0.05(0.00;0.06) Pra = .00t
14 .
P <0.01
IL4 0.01(073;3.24) | 239(229,2.89) | 471(222;11.34) | 488259830 | 4.40(1.75; 12.33) /s
IL6 136 (0.27:3.68) | 070(0.44:096) | 052(0.30;1.11) | 059(0.37:1.30) | 052 (0.15;0.74) /s
p,, <0.01
P <0.01
P <0.01
IL10 0.01(0.00;0.01) | 3.52(2.73; 5.25) 180(0.90:273) | 2.26(0.90;273 | 1.80(0.60;2.10) P <0.01
P <0.01
p,_,<0.05
prs <0.01
IL17A 0.58(0.00;1.74) | 0.64(0.42;0.99) | 057(0.28;0.85) | 054(0.28;0.82) | 0.57 (0.14;0.92) /s
p,_, <0.001
IL17 F 6.76 (4.02: 10.6) | 0.01(0.00;0.93) | 001(0.01;062) | 001(0.01;062 | 0.01(0.00;1.25 Py < 0.001
P <0.001
P <0.001
IL21 0.01(0.00;0.49) | 0.00(0.00;0.00) | 0.00(0.00;0000 | 0.01(0.00;0.89) | 0.00(0.00;0.01) /s
p,_, <0.001
IL22 47.43(38.42;72.64) | 0.00(0.00;0.000 | 024(0.00;032) | 0.08(0.00;0.32) | 0.32(0.00;0.63) gm < 8'88]
1-4 N
p.. <0.001
IL23 80.11(0.00; 114.44) | 0.00(0.00;2.94 | 551(0.00;8.81) | 4.41(0.00;10.63) | 551 (0.00;8.81) /s
p,_, <0.001
IL25 13.73(610;28.99) | 027(0.11;032) | 0.11(0.00;0.32) | 0.411(0.00;0.32) | 0.11(0.00;0.32) ,’;'—s phyin
P, <0.001
p,,<0.05
IL31 6.28 (2.87:8.62) | 11.61(©.81;15.73) | 571(3.00:819) | 6.95(3.851037) | 5.09 (2.63;7.57) Pes = 8'82
2-4 — M
P, <0.05
p,_, <0.001
IL33 052(0.17:0.78) | 3.63(251;9.55 | 4.46(1.12;6.67) | 543(1.95914) | 4.05(1.12; 584 Py < 0.001
P <0.001
P <0.001
IFNy 0.45(0.00;5.33) | 049(0.49;148) | 049(0.49;1.23) | 099(0.491.11) | 0.49(0.00;1.48) /s
p,_, <0.001
TNFa 17.38 (13.65;31.61) | 0.82(0.49;1.17) | 052(0.44;0.74) | 0.53(0.45:0.88) | 0.51 (0.44; 0.68) Pra e
14 .
P <0.001
CDOL 110.81 83.58 76.77 81.23 65.97 e
(83.58; 122.55) (34.36; 158.24) (39.27; 112.69) (44.29; 122.56) (25.41: 95.32)

Note: n/s — non-significant differences between groups.

rate was almost the same in all the groups compared. Isolated
hyperproduction of IL31 was found in only one patient out of
five, while in other cases (80.0%) a simultaneous increase in
the IL31 and IL33 levels was observed. The IL17A, IL17F and
IL21 levels rarely exceeded the normal reference values (in 2.8%,
5.6% and 5.6% of cases, respectively) and always accompanied
the increase in the IL33 levels. The levels of other cytokines
exceeded the upper limit of normal range in none of the cases.

Herpesvirus infection, therapy with DMDs for MS,
and cytokine levels

Reactivation of PHVI took place in 16 patients taking DMDs for
MS, IFNB or GA put of 30 (563.3%). In 9 cases (30.8%), it was
associated with the history of MS exacerbation (VAE+) or the
MS exacerbation detected during examination. The IL10 levels
were significantly higher in patients with PHVI reactivation, than
in patients without it (Table 3). These patients also showed an

upward trend of the IL1B, IL23 and IL33 levels (p > 0.05). No
differences in the levels of other cytokines between the groups
compared were revealed. The cytokine levels of patients with or
without VAE were the same.

Significant correlations between high IL31 levels and VAE+
(r=0.51; p < 0.01), IL33 levels and PHVI (r = 0.40; p < 0.05)
were revealed when using all DMDs for MS.

The levels of IL1B were significantly higher in patients
treated with IFNB with PHVI reactivation, than in patients with
no PHVI reactivation (n = 10, 0.07 + 0.06 pg/mL and n = 6,
0.02 + 0.04 pg/mL, p < 0.05, respectively). In this group, the
IL17A and IL33 levels were higher in patients with VAE+, than
in individuals without VAE (IL17A — 0.92 + 0.42 pg/mL, n = 5;
0.49 + 0.52 pg/mL, n =11;IL33 — 10.70 = 5.79 pg/mL, n = 5;
and 5.63 = 7.83 pg/mL, n = 11; p < 0.05 in both cases). We
also revealed a significant correlation between VAE+ and high
levels of IL31 and IL33 (r = 0.56 at p < 0.05 and r = 0.52 at
p < 0.05, respectively).
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Table 3. Serum cytokine levels (Me (25; 75" percentiles)) of patients with MS treated with DMDs for MS, who had clinical manifestations/no clinical manifestations of PHVI

Indicator (pg/mL)

MS with clinical manifestations of PHVI (n = 16)

MS with no clinical manifestations of PHVI (n = 14)

IL1B 0.06 (0.02;0.08) 0.01 (0.00; 0.05)
IL4 4.88 (2;63;10.95) 4.61 (1.75; 13.11)
IL6 0.74 (0.23;1.81) 0.44 (0.30; 0.74)
IL10 2.57 (1.65;2.73) 1.05 (0.30; 1.95)
IL17A 0.64 (0.35;0.96) 0.43 (0.14; 0.57)
IL17 F 0.01 (0.00;0.62) 0.01 (0.00; 1.25)
IL21 0.01 (0.00;2.38) 0.00 (0.00; 0.00)
IL22 0.32 (0.00;0.48) 0.00 (0.00; 0.32)
IL23 8.80 (0.00;11.36) 2.57 (0.00; 5.87)
IL25 0.22 (0.06;0.53) 0.06 (0.00; 0.11)
IL31 6.33 (4.47;8.81) 4.78 (2.63; 7.57)
IL33 5.43 (3.21;9.14) 2.23 (1.12; 5.84)
IFNy 0.74 (0.49;1.36) 0.49 (0.49; 0.99)
TNFa 0.53 (0.44;1.04 0.52 (0.45; 0.68)
sCD40L 80.53 (41.85;111.52) 65.97 (25.41; 117.39)

Note: ** — p < 0.01 between groups.

In patients treated with GA, there were no differences in the
tested cytokine levels between the groups of patients having or
not having clinical manifestations of PHVI reactivation or VAE.
Furthermore, in contrast to IFNB, no correlation of high IL31,
IL33 levels with the PHVI reactivation or VAE was revealed
when using GA.

In patients not treated with DMDs for MS, no analysis of the
cytokine levels depending on the fact of PHVI reactivation/no
PHVI reactivation or VAE was performed due to small number
of patients in each group.

Therapy with DMDs for MS, adverse events, herpesvirus
infection, and cytokine levels

Systemic AEs were reported in 9 patients out of 28 (32.1%)
treated with DMDs for MS. When treated with IFNB, 5
individuals (35.7%; n = 14) experienced a flu-like syndrome
(FLS), and 4 patients taking GA (28.6%; n = 14) showed the
systemic vasomotor response.

Inindividuals taking IFNB and GA having or not having systemic
AEs, no differences in the tested cytokine levels and the rate of
increased levels of some cytokines were revealed. The systemic AE
severity also was not correlated to the cytokine levels.

Predominance of systemic AEs in the groups of patients
with PHVI reactivation and VAE+ was reported. Thus, during
treatment with IFNB or GA AEs were observed in 7 patients
with PHVI out of 15 (46.7%) and 2 patients without PHVI out
of 13 (15.4%) (p = 0.08). In individuals with VAE, the AE rates
were 44.4% (4 individuals out of 9) and 26.3% (5 individuals out
of 19) (o > 0.05).

During treatment with IFNB, the AE rates in the groups
of patients showing and not showing PHVI reactivation were
44.4% (4 individuals out of 9) and 20.0% (1 individual out of 5),
respectively (in 5 individuals (35.7%; n = 14); as for VAE, these
were 40.0% (2 individuals out of 5) and 33.0% (3 individuals
out of 9) (p > 0.05). When using GA, the AE rates in the
groups of patients showing and not showing PHVI were 50.0%
(8 individuals out of 6) and 12.5% (1 individual out of 8) (o =0.17); as
for VAE, these were 50.0% (2 individuals out of 4) and 20.0%
(2 individuals out of 10).

During treatment with all the DMDs for MS the systemic AE
severity was also higher in cases of PHVI reactivation, than in
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cases of no PHVI reactivation. Thus, during treatment of the
groups compared with IFNB or GA it was 8.00 (1.00; 12.00)
and 5.00 (2.00; 6.00) points, when using IFNB it was 8.00
(6.00; 15.00) and 6.00 (5.00; 6.00) points, and when using GA
it was 6.00 (0.00; 11.00) and 2.00 (0.50; 7.00) points (o > 0.05
in all groups). In individuals with VAE, such trend was reported
for GA only: 5.50 (0.00; 11.00) and 2.00 (1.00; 85.00) points
(o > 0.05).

DISCUSSION

Cytokines in the naive patients with MS treated with
DMDs for MS and the donors

The literature contains only a few studies involving comparison
of the cytokine levels in patients with MS not receiving DMDs
for MS and healthy individuals. High levels of the key pro-
inflammatory cytokines (IL18, IL17A, IL17F, IL23, TNFa, and
IFNy) are usually reported in naive patients with MS [8, 12,
21-28]. However, according to the data provided by other
authors, serum TNFa levels of the patients taking DMDs for
MS were the same [9] or lower [10, 13] compared to that of
the control group. The results of recent studies are consistent
with our data.

In patients with MS not treated with DMDs for MS, the
increase in the serum levels of other inflammatory cytokines,
IL31 [11, 12, 14] and IL33 [10, 15-17], relative to donors was
reported. However, no significant differences in the IL33 levels
between naive patients and the controls were revealed [12].

In contrast, the serum levels of anti-inflammatory IL4 and
IL10 in the untreated patients with MS were lower than in
donors [9, 13, 22, 23] or were the same as in controls [21, 24].
However, according to the data provided by other researchers,
the IL10 levels were higher in naive patients with MS, than in
donors [10, 12], which was also found in our study.

In general, our patients with MS not treated with DMDs for
MS showed a significant increase in the levels of IL10, IL31,
IL33 relative to controls, along with the upward trend of IL4
levels. At the same time, low levels of IL1B, IL17F, IL22, IL25,
IL23, and TNFa were reported. There were no differences in the
levels of other cytokines (IL6, IL17A, IL21, IFNy, and sCD40L)
between the comparison groups. Similar patterns were
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reported when comparing the serum cytokine profiles of the
patients treated with DMDs for MS and healthy controls, except
for the IL31 levels. Such results are to some extent consistent
with the above data provided by certain authors.

Cytokine levels in patients with MS treated
and not treated with DMDs for MS

According to the literature data, the significantly higher levels of
IL1B, IL17A, TNFa, IFNy and lower levels of IL4, IL10 relative to
the patients taking IFNB or GA were revealed in naive patients
[6,9, 21, 23]. It was noted, that therapy with IFN or GA resulted
in the significant decreased concentrations of IL17, IL23, TNFa,
IFNy and the increased IL4 and IL10 levels [6, 11,12, 22].

The decrease in the IL31 levels was also found during treatment
with DMDs for MS [14] that was considered to be associated with
the decrease in the CD3*CD45R0O*Th2 memory cells being the
major IL31 producers [25]. We have also revealed a similar pattern.

The plasma IL33 levels of the patients taking IFNB1a were
significantly lower than that of the untreated patients [15, 17].
However, according to some date, therapy with GA or DMDs
for MS did not affect the plasma IL33 concentrations [16]. In
our study, there were no differences in the IL33 levels between
the groups of patients treated and not treated with DMDs for MS.

In general, our untreated patients showed a significant
increase in the IL10 levels compared to all the groups of patients
treated with DMDs for MS. The IL31 levels were significantly
higher in the naive patients compared to the patients treated
with IFNB or GA and GA. We had earlier shown the increase in
the IL10 concentration associated with the MS exacerbation
[20]. In this phase of the disease, high IL31 levels and combined
hyperproduction of IL33 and IL17A, IL17F, IL21 and IL31 were
reported significantly more often, than during remission.

The identified differences in the cytokine profiles of the naive
patients and patients treated with DMDs for MS associated
with remission and exacerbation were confirmed by the genetic
test results [26]. The whole transcriptome analysis performed in
patients with MS revealed impaired expression of 8800 genes in
the patients, who had not previously received therapy, compared
to the patients treated with IFNB. The authors believe that
in naive patients the products of dysregulated genes contribute
to inflammatory damage to the CNS and impede restoration of
the brain. Furthermore, the groups of patients with the complete
(no exacerbation) and partial clinical responses to IFNB therapy
showed differences in expression of 277 genes. During remission
or exacerbation, the state of mononuclear cells in the patients not
treated with DMDs for MS is characterized by extreme instability
and the development of “cytokine storm” [26]. Furthermore,
the long-term (longer than 5 years) IFNB therapy adjusts this
phenomenon through the gene expression modulation, which
results in the state of cytokine harmony.

It is believed that despite similar clinical efficacy of the high-
dose IFNB and GA, the mechanisms underlying their effects on
the immune systems can be different [4, 8, 9, 14]. However,
we revealed no differences in the levels of almost all tested
cytokines between the groups of patients taking IFNB or GA,
except for IFNy, the levels of which were significantly higher
during treatment with IFNB, than when receiving GA.

Cytokine and herpesvirus infection in patients treated
with DMDs for MS, adverse events

The data on the differences in production of IL10, IL31 and IL33
associated with using DMDs for MS obtained in our study can
result from the herpesvirus infection reactivation.

It is well-known, that IL10 having a potent anti-inflammatory
effect takes an active part in the immune response associated
with the infectious, autoimmune, and autoinflammatory diseases
[27]. High levels of IL10B produced by plasmablasts and plasma
cells were observed in the MS foci [28]. In individuals with viral
infections, the long-term antigen persistence accompanied
by the increase in IL10 production results in the antiviral T cell
phenotype switched mainly to the IL10-producing T cells [29].
Production of both viral homologue of human IL10 and common
IL10 associated with the EBV infection has been revealed
[30]. We have earlier more thoroughly discussed the possible
mechanisms underlying involvement of these cytokines in the
MS pathogenesis [20]. Apparently, these are involved in the IL10
production in our situation as well, especially in naive patients.

Our findings about the simultaneous decrease in the anti-
inflammatory IL10 and pro-inflammatory IL31 concentrations
during treatment with DMDs for MS relative to the naive
patients, the correlations between IL31 and VAE+, IL33 and
PHVI reactivation confirm an important role of herpesviruses in
the MS pathogenesis. It is possible that the larger amount of
the common IL10 is synthesized during treatment with IFNR or
GA, rather than its homologue. It has been found that treatment
with these DMDs for MS increases systemic activity of the non-
viral IL10 [31, 32].

Furthermore, the Th17 phenotype is switched under
exposure to DMDs for MS, the number of IL17-secreting cells
is reduced, and the number of IL10-producing cells and the
double cells secreting IL10 and IL17 is increased [33]. The T cell
phenotypic shift to the type 1 regulatory T cells, the decrease
in the number of memory B cells and the levels of IL10 they
produce have been detected [24]. This is partially confirmed
by the decrease in the levels of IL10 during treatment with IFN
and GA we have detected, associated with the MS clinical
manifestations’ relief and almost the same detection rates of
EBV markers.

All the above can be associated with certain antiviral
effects of DMDs for MS, mostly IFNB. IFNB reduces the EBV
latent membrane protein 2A expression in the patients receiving
treatment, inhibits antigen presentation to T cells, induces
memory B cell apoptosis [34, 35]. However, in our study
a significant increase in the IL1B concentration was revealed
only in patients with PHVI reactivation treated with IFN.
Furthermore, when using IFNB, the IL17A and IL33 levels
were significantly higher in the group of patients with VAE+,
than in the group without VAE+. We also revealed a significant
correlation between VAE+ and high levels of IL31 and IL33.
These differences are likely to result from the higher prevalence
of PHVI among individuals treated with IFN, than among those
treated with GA.

FLS was the most common systemic AE associated with
the IFNB therapy, while systemic vasomotor response was the
most common one associated with the GA therapy [2, 3]. It is
believed that FLS results from the temporary increase in plasma
levels of IL6 and TNFa following the drug administration, as well
as from their direct pyrogenic effect on the hypothalamus [36,
37]. The emergence of systemic AEs during treatment with GA
is also considered to be associated with the increase in the IL6
and IL4 levels [30]. Our findings have shown that the presence
and severity of the systemic AEs associated with the IFNB or
GA therapy in patients with MS are not related to any of the
studied cytokines. However, higher prevalence of systemic AEs
in the groups of patients with PHVI reactivation and VAE was
reported during treatment with any DMD for MS. The systemic
AE severity was also higher in individuals with herpesvirus
infection, especially in cases of PHVI reactivation. In general,
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our findings are consistent with the data we have acquired earlier
[38]. The lack of significant differences is likely to be related to the
small number of patients in the studied groups.

It is believed that excess activation of the innate immunity,
neuronal death and the neurodegenerative processes based
on the impaired type 1 IFN pathway regulation predominate at
the late stages of MS [26]. Disrupted expression of RNA and
proteins in the pathways controlled by the type 1 IFN precedes
the Th1, Th2, Th17 cell pathway disruption; this can impair the
adaptive and innate immunity and contribute to neuronal death.
It is well known that the DNA damage, necrosis, necroptosis,
autophagy, and pronounced innate immunity activation are
observed in case of viral invasion and HSV1 replication, while
the type 1 IFN signaling pathway occupies a central place in
the human body protection and induces a broad spectrum of
antiviral proteins and control over the incoming pathogens [39-41].
These processes lead to production of TNFa and IL1B by
microglia; TNFa and IL1, in turn, promote IL33 transcription
[42, 43]. The latter initiates the synthesis of IL31 by the Th-2
cells via IL4 [44]. The joint production of these cytokines is likely
to enhance the pro-inflammatory potential of each of them
[45], which is in line with the correlations between L33 and
PHVI, IL31 and VAE found in our study, as well as with the
simultaneous increase in the levels of IL16, IL31, IL33 in the
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