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In accordance with the modern ideas of multiple sclerosis (MS) B-lymphocytes play a significant role in the pathological process
development. In this regard, it is relevant to search for new biomarkers of B-lymphocytic origin, which can reflect the clinical
features of this disease.

Aim of study — to assess the relationships between the level of blood serum 48 kDa form of unconventional myosin 1c (48 kDa
Myo1c) in patients with multiple sclerosis and stage of this disease, its severity and type.

Materials and methods. 1 ml of blood serum was diluted 2-fold with phosphate buffer saline and then trichloroacetic acid (TCA)
was added to 10 % of final concentration. The supernatant containing TCA-soluble compounds was isolated and mixed with
acetone. Then, centrifugation and electrophoresis in the presence of sodium dodecylsulphate were performed. The 48 kDa Myo1c
was identified by its molecular weight comparing after Coomassie Brillant Blue G staining of gel and Western blot analysis using
polyclonal anti-Myo1c¢ rabbit antibodies.

Results. The level of the 48 kDa Myo1c was significantly higher in the MS patients compared with that in healthy controls. The
disease duration was shorter in patients with high level of the 48 kDa Myo1c, compared to patients with low level of the 48 kDa
Myo1c. High level of the 48 kDa Myo1c was associated with a relapsing-remitting MS, while low level — with secondary progressive
type of the disease. In the group with the low 48 kDa Myo‘c level a disability rate was significantly higher, unlike in patients with
the medium level of 48 kDa Myo1c.

Conclusions. Anincreased blood serum level of the 48 kDa Myo 1c in MS patients is combined with the early stage of the MS
when its diagnostics is the most complicated.

48 kAa ¢popma HeKOHBEHLiNHOro Mio3uHy 1c y cupoBaTLi KpoBi XapaKTepusye
PaHHIO CTaAi0 PO3CIAHOr0 CKAEPO3Y

H. O. Herpuy, T. I. Herpuu, C. A. MupoHoBcbkui, M. C. Lopobypa, 0. I. Herpuuy, 1O. . Kirt, P. C. Ctoika

BignosigHo o cyvacHux ysiBneHb nNpo poacisHuid cknepo3 (PC), iCTOTHY ponb Yy po3BUTKY MaTororiYHoro npoLecy BigirpatTb
B-nimcboumTin. Y 3B'A3KYy 3 LMM BaXIMBO LUyKaT HOBi Giomapkepu B-nimcoLmTapHOro NOXOmKEHHS, LLO MOXYTb NokasyBaTy
KniHi4Hi 0cOBNMBOCTI LIbOro 3aXBOPHOBAHHSI.

MeTa po6oTH — OLiHWTY CMiBBIBHOLLEHHS MiX piBHEM 48 k[la thopmu HekoHBeHLiHoro Mio3nHy 1c (48 kla Myo 1c) y cuposatui
KPOBI XBOPWX Ha PO3CisiHMIA CKNEPO3 i CTafier LbOro 3aXBOPIOBAHHS!, AOT0 TSBKKICTIO Ta TUNoM nepebiry.

Marepianu Ta MmeToau. 1 M1 CMPOBaTKM KPOBI pO3BOAMIM Y 2 pasn docchaTHUM BychepHUM PO34MHOM, MiCAs Yoro JofaBanm
TpuxnopouTosy kucrnoty (TXO) fo 10 % kiHueBoi koHLeHTpauii. Hagocanosy piguHy, wo mictuna TXO-po3qnHHy dopakLio, BUainsnm
Ta 3miLlyBanu 3 aueToHoM. BukoHyBanu LeHTpudpyryBaHHs Ta enektpodopes 3a HasiBHOCTI fogeumncynbdary Hatpito. 48 k[a
Myo 1c ineHTudikyanm 3a oro MonekynsipHot mMacoto nicnsi hapbysarHst rento Coomassie Brillant Blue G 1a BectepH-6rnot
aHaniay 3 BUKOPUCTaHHAM NOMIKNOHanbHUX aHTU-Myo 1¢ aHTuTin Kponwuka.

Pesynitatu. PiseHb 48 k[la Myo 1c¢ GyB 3HauHO BULLMM y XBOpUX Ha PC NOpIBHSAHO 3i 300pOBVMY JOHOPaMu. TpuBanicTb 3aXBo-
ptoBaHHs Byna MEHLLOK B nauieHTiB i3 Bucokum pisHem 48 k[la Myo 1c nopiBHsHO 3 HU3bkuM piBHeM 48 ka Myo 1c. Bucokuit
piBeHb 48 k[a Myo 1c acouitoBaBcs 3 peLmanBHo-pemiTytoumm PC, a HU3bKUIA — i3 BTOPUHHO NPOrpecyroumm Tunom nepebiry
3axBOPIOBaHHS. Y rpyni 3 HU3bkuM piBHeM 48 k[la Myo 1c iHBanigHicTb Byna 3HayHo BULLOIO, Ha BigMIHY Bif NaLlieHTiB i3 cepeaHim
piBHem 48 k[a Myo 1c.

BucHoBku. MigsunieHuin piseHb 48 kfa Myo 1c¢ y cupoBatui kpoBi xBopux Ha PC noeaHyeTbCst 3 paHHbO CTafjiet 3axBo-
proBaHHs1, konu diarHoctvka PC € HalcknaaHiLLoto.

48 kAa dopma HEKOHBEHLMOHHOTO MUO3HHa 1c B CbIBOPOTKE KPOBU XapaKTepusyeT
PaHHIOK0 CTaAUIO PAaCCEAHHOTO CKAepPo3a

H. 0. Herpuy, T. U. Herpuuy, C. A. MupoHoBckui, M. C. Lopobypa, 0. U. Herpuy, 10. . Kur, P. C. CToika

B cooTBeTCTBUM C COBPEMEHHBIMM NPEeACTaBNeHnAMM O paccesHHOM cknepose (PC), 3HaunTenbHyto ponb B pa3BuTUM NAToNo-
TMYeckoro npouecca urpatot B-numcoumTsl. B CBA3M C 3TUM UMEET 3HaYeHWe Nouck HOBbIX BromapkepoB B-numdoumtapHoro
MPOUCXOXAEHUS!, KOTOPblE MOTYT OTpaxaTb KMMHUYECKe 0COBEHHOCTH 3TOro 3aboneBaHns.

Lienb paboTbl — OLEHNTb COOTHOLLEHNE Mexay ypoBHeM 48 k[la hopMbl HEKOHBEHLMOHHOMO MuoanHa 1c (48 ka Myo 1c) B
CbIBOPOTKE KPOBU BOMbHBIX pacCesiHHbIM CKNepO30M 1 CTaanelt 3Toro 3ab0neBaHws, ero TKECTbH U TUMOM TEYeHUs.
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Matepuans! u meToAbl. 1 MN1 CbIBOPOTKM KPOBY pa3Boamiu B 2 pasa docdatHbiM BydepHbIM pacTBopoM, a 3atem JobaBnsinm
TpuxnopykcycHyto kucnoty (TXY) 8o 10 % KOHEWHO KOHLIEHTpaLwW. HanocagouHyro XuaKkocTb, cogepkalLyto TXY-pacTeopumble
COeAMHEHMS, BbIAENANM 1 CMeLLNBany ¢ aLeToHOM. 3aTem BbIMOMHANM LieHTpUAyrpoBaHue 1 anekTpodopes B NpUCYTCTBUM
nopeumncynbara Hatpus. 48 kla Myo 1¢ aeHTcuLmpoBany no ero MONeKynsipHoN Macce nocne okpatuveaHus rens Coomassie
Brillant Blue G 1 BectepH-6rnoT aHan1sa ¢ ncnons30BaH1eM nonuknoHanbHbIx aHT-Myo 1¢ aHTuTen kponuka.

Pesynitatbl. YposeHb 48 kfla Myo 1c Gbin 3HaunTenbHo Bbille Y naumeHToB ¢ PC no cpaBHEHWIO CO 300POBLIMW OHOPaMM.
OnutensHocTb 3aboneBaHns Gbina KOpode y NaLMEHTOB C BbICOKUM ypoBHeM 48 k[la Myo 1c no cpaBHeHUo C nauueHTamm ¢
HU3kMM ypoBHeM 48 k[la Myo 1c. Beicokuii ypoBeHb 48 k[la Myo 1¢ accoummpoBancs ¢ peunavsmpytoLle-pemuttupytowmm PC,
a HU3KWI YpOBEHb — CO BTOPUYHO NPOrpeccupytoLLmm Tunom 3abonesanust. B rpynne ¢ Huskum 48 kfla Myo 1¢ ypoBeHb HBanua-
HOCTM 6blN 3HAYUTENBHO BbILLE, B OTNMYME OT MaLMEHTOB CO cpeaHnUM ypoBHeM 48 klla Myo 1c.

BbiBoabl. [MoBbiweHHbI ypoeHb 48 ka Myo 1¢ B cbiBopoTke kpoBu 60nbHbIX PC codeTaetcs ¢ paHHen ctaguen 3abone-

BaHus, koraa auarHoctuka PC siBnsietca Hanbornee CroXHON.

Introduction

Multiple sclerosis (MS) s an inflammatory neurodegenerative
disease that is strongly dependent on the immune effects,
particularly targeting the myelin coatings [1]. Its development
can lead to the neurological disability, especially in young
people. MS is a significant personal and social issue
responsible for major outlays in the public health [1]. The
MS etiology stays poorly understood and both genetic and
non-genetic factors (for example, viral infection or vitamin
D deficiency) are presumed.

At MS autoantibodies to certain components of
central nervous system (CNS) are formed. The potential
antibody targets include the myelin autoantigens (including
myelin basic protein, myelin oligodendrocyte glycoprotein,
proteolipid proteins, myelin-associated glycoprotein),
oligodendrocytes (cyclic nucleotide phosphodiesterase,
transketolase, transaldolase), neurons and axons
(neurofilaments, tubulin, neurofascin), astrocytes (potassium
channel KIR4.1), miscellaneous cellular ion channels
(anoctamin 2), ubiquitous autoantigens (nuclear proteins,
heat-shock proteins), and microbial (e.g., viral) antigens [2].

The inflammation, demyelination, re-myelination and
scar formation in glia affect both white and grey matter of
brain and spinal cord, and they are the main causes for
neurodegeneration in MS [2]. Time-dependent scenario
of the MS development starts from the immune cells of
the peripheral blood that cross the blood-brain barrier (BBB)
in order to reach the CNS where the neural injuries appear
in sites of the acute inflammation, finally leading to disability
symptoms [1]. The MS-related autoimmunity is switched
on mostly by T-lymphocytes, causing the inflammatory
processes in the CNS and initiating impairments there [3]. It
has recently been proved that not only the myelin targeting
Th1and Th17 CD4+ T cells, but also B cells, CD8+ T cells,
macrophages and natural killers participate in the MS
pathogenesis [3].

The MS diagnostics is rather complicated and quite
lengthy. MS is a disease with varying clinical manifestations,
radiological features, disease course and therapeutic
response. Therefore, the individualized management of
patients with MS is problematic. In routine clinical practice
itis also difficult to obtain cerebrospinal fluid (CSF) samples
for the diagnostic purposes. This is due to the procedure
invasive character and thus, the probability of adverse
effects such as post-lumbar puncture headache, back
discomfort or pain, bleeding or brainstem herniation. In
consequence, there is an urgent need for identification of
clinically useful blood serum biomarkers which assist the MS
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diagnosis, predicting prognosis, monitoring disease course
and evaluating individual treatment response.

Recently, we used the trichloroacetic acid (TCA)-induced
precipitation/extraction and the MALDI-TOF/TOF mass-
spectrometry that allowed us to identify earlier unknown
blood serum 48 kDa form of the human unconventional
myosin 1c isoform b (48 kDa Myo 1c) in MS patients [4].
The myosin 1c (molecular mass 121.7 kDa with basal
isoelectric point at pH 9.5) belongs to the unconventional
class | myosins and these proteins can make a link
between the plasma membrane and the microfilaments in
vertebrates [5,6]. In addition to the function of cytoskeleton
organizer that is important for cell motility via spreading,
the unconventional myosins can assist in the glucose
transporter recycling, endocytosis and transcription
processes in the nucleus. In murine B-lymphocytes
the myosin 1c is located at the plasma membrane, namely
in microvilli, participating in the peripheral processes that
are important for the activated B cells mobility [5]. It is
supposed that its domains can interact with the inter-cellular
adhesion molecule 1 (ICAM-1) and Major Histocompatibility
Complex class Il (MHC-II) that plays a critical role in cell-cell
interactions in the immune response [6]. Thus, the Myo1c
may be a part of the molecular motor whose principal
elements are specific membrane receptors that interact
with the adhesion molecules and signaling proteins of
cellular microvilli [5]. Due to the interaction with the MHC-II
via lipid rafts and associated molecules, the Myo1c can
also participate in the antigen presentation. So, the Myo1c
induces the immunologic synapse formation between T-cells
and antigen-presenting B-cells [5].

In our previous work [4] we focused on the methodology
of the 48 kDa Myo1c identification in blood serum of patients
with autoimmune diseases.

The aim

The aim of this work was to assess the relationships
between the 48 kDa Myo1c level in blood serum of
the multiple sclerosis patients and stage of this disease,
its severity and type.

Material and methods

All samples were collected under the approval of the Bio-
Ethics Committee of Danylo Halytsky Lviv National Medical
University, Lviv, Ukraine (Protocol Ne 2 dated 15 February
2016) in accordance with the regulations of the Ministry
of Health Protection of Ukraine. A documented consent
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was obtained from each patient included in the study and
the informed consent form was approved by the Bio-Ethics
Committee of Danylo Halytsky Lviv National Medical
University.

61 patients (mainly women, 70.5 %, n = 43) with
MS diagnosed according to the 2010 revised McDonald
diagnostic criteria for MS participated in this examination.
Control group consisted of 20 clinically healthy people with
the mean age of 33.2 + 2.2 years. The inclusion criteria
for patient enroliment in the study were: age from 18 to
60 years, the presence of clinically definite MS according
to the 2010 McDonald criteria and patient's consent to
participate in the study. The exclusion criteria were: age less
than 18 and more than 60 years, presence of comorbidities
and administration of disease-modifying treatment (DMT)
(cytostatics/steroids) last 6 months, pregnancy.

Patients’ age varied from 19 to 57 years with the mean
age of 36.6 + 1.4 years. The majority of patients (82.0 %,
n =50) had a relapsing-remitting MS and the other (1.6 %,
n = 1) had primarily progressive MS; 4.9 % patients (n = 3)
had the MS debutand 11.5 % (n = 7) patients had secondary
progressive MS. The mean age of the disease debut
was 29.0 = 1.2 years. The average disease duration was
7.6 0.9 years. Patient disability rate varied from 1.5t0 6.5
points with the mean level of 3.7 + 1.4 points.

The following methods of investigation were used:
clinical — analysis of complaints, life and disease history,
neurological examination and neurological impairment
evaluation with the Expanded Disability Status Scale
(EDSS); laboratory — the immune-biological blood test
(determination of the Myo1c level).

Blood sampling from peripheral vein was performed and
serum was prepared according to the stipulated diagnostic
protocol [4]. 1ml of blood serum was diluted 2-fold with
the phosphate buffer saline (PBS), and then 100 % TCA
was added to 10 % of final concentration. After 30 min of
incubation on wet ice (0 °C) the sample was centrifuged at
10.000 g for 15 min.

The supernatant containing TCA-soluble compounds
was isolated and mixed with cooled acetone in 1:6 ratio
followed by 18 h incubation at -20 °C. The precipitate
was pelleted by centrifugation (10 min at 10.000 g)
and TCA-extracted proteins of blood serum underwent
electrophoresis in 12% polyacrylamide gel supplemented
with 0.1 % sodium dodecylsulfate (SDS). The presence
of the 48 kDa Myo1c was identified by its molecular
weight comparing after 0.05 % Coomassie Brillant Blue
G staining of gel and detection by Western-blotting using
polyclonal anti-Myo1c (N-terminal region) rabbit antibodies
(AVIVA SYSTEM BIOLOGY, product number ARP56292)
as described earlier [4]. To measure the amount of 48
kDa Myo1C Coomassie-stained electrophoregrams were
scanned and digitalized by special computer programs
Gel-Pro Analyzer and Media Cybernetics (L.P.). The level
of 48 kDa Myo1c was quantified by the calibration curve
that was obtained after digitalization of stained strips of
bovine serum albumin with known amount of protein used
as a standard. The 48 kDa Myo1c level of 0.1 pg/ml was
the minimum reliable detection limit in our methodology.

All MS patients were divided into 3 groups depending on
the 48 kDa Myo1c blood serum level. The division of patients
into groups by the 48 kDa Myo1c level was performed first

and foremost to analyze the relationship between very high
and low levels of this protein and clinical characteristics of
MS. Therefore, in the first and the largest group of patients
the 48 kDa Myo1c level was <0.1 pg/ml (low level; Group
1). This group included individuals with 48 kDa Myo1c
level below the error of determination. The investigated
protein concentration in the 2nd group was 0.1-8.0 pg/ml
(medium level; Group 2), and in the 3rd group — >8 pg/ml
(high level; Group 3).

Statistical analysis. The normality of the distribution
was tested using the Shapiro-Francia test which showed a
normal (Gaussian) character of data distribution. Differences
between groups were evaluated using the Student’s test.
P values <0.05 were considered as statistically significant.
Data were statistically processed using the StatsDirect
3, Ver. 3.1.7 software package (StatsDirect Ltd, UK,
Ne 04399867).

Results and discussion

The 48 kDa Myo1c level was found to be significantly
higher in the MS patients (3.4 % 1.6 ug/ml; Group MS) when
compared with healthy controls (0.3 £ 0.1 ug/ml; Group CT)
(P <0.05) (Fig. 1).

In the MS patients with high level of the 48 kDa Myo1c
(>8 pg/ml; Group 3) the disease duration was significantly
shorter (3.6 £ 1.1 years) compared to patients with low level
of the 48 kDa Myo1c (<0.1 pg/ml; Group 1)-8.1 £ 1.2 years
(P <0.05) (Fig. 2).

Besides, the patients of the Group 3 with high level of
the 48 kDa Myo1c more often demonstrated a relapsing-
remitting MS than the patients of the Group 1 with low level
of the 48 kDa Myo1c — 100.0 £ 0 % versus 78.6 + 6.3 %
(P < 0.1). At the same time, in the patients of the Group
1 with low level of the 48 kDa Myo1c, the secondary
progressive type of MS was diagnosed significantly more
often (p<0.05) than in patients with high level of the 48 kDa
Myo1c (14.3 £ 5.4 % versus 0 £ 0%) (Fig. 3).

In the patients of the Group 2 with medium level of
the 48 kDa Myo1c (0.1-8 ug/ml) a disability rate was
significantly (P < 0.05) lower (3.2 + 0.3 EDSS points)
comparing with MS patients of the Group 1 with low level of
the 48 kDa Myo1c (4.0 £ 0.2 EDSS points) (Fig. 4).

There were no significant differences in the level of
48 kDa Myo1c in different groups of the MS patients divided
by gender, the age of disease onset, the total number of
relapses and the number of relapses during the last 3 years
(data not shown).

Although the exact origin of the 48 kDa Myo1c stays
poorly understood, we suggest that its high level in blood
serum indicates the intensified process of autoimmune
cells elimination, particularly the activation-induced cell
death (AICD). The activated lymphocytes that are known to
produce cytokines and perform other effector functions die
by the mechanism of apoptosis in which Fas (death receptor)
and its ligand (FasL) participate [7]. While the quiescent
lymphocytes express only Fas, after stimulation these cells
also express FasL, which interacts with the Fas, that induces
apoptosis via the receptor-dependent caspase-8 activation
[7]. This statement accords with the MS pathogenesis at
the early stage when the immune pathological processes
launch in the peripheral blood [8]. The activated autoreactive

3anopoxckuii MeguumnHekuin xypHan. Tom 20, Ne 4(109), uons — asryct 2018 1.



Original research

6 Group 1
MS group 10 roup8 I

_ s 34 9 '
E 2
g g 7
s 4 s
S 2 6 Group 3
<3 25 36
g 5 4
X
2 2 3

1 CT group a 2

03 ’
0 0

Fig. 1. Comparison of the 48 kDa Myo1c levels in TCA-extracted proteins of blood serum
in MS Group (n = 61; MS patients) and CT Group (n = 20; healthy human controls).

Fig. 2. Comparison of MS duration in patients of the Group 3 (48 kDa Myo1c >8 pg/ml,
n =6) and patients of the Group 1 (48 kDa Myo1c <0.1 pg/ml, n = 42).
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Fig. 3. The expression of MS types in patients of the Group 3 (48 kDa Myo1c >8 pg/ml,
n = 6) and patients of the Group 1 (48 kDa Myo1c <0.1pg/ml, n = 42).

Fig. 4. Comparison of disability level in MS patients of the Group 2 (48 kDa Myo1c
0.1-8 pg/ml, n = 13) and patients of the Group 1 (48 kDa Myo1c<0.1 ug/ml, n = 42).
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immune cells damage the blood-brain barrier and get into
the central nervous system [8]. Simultaneously, the anti-
inflammatory processes including the AICD are initiated [8].

We suppose that the 48 kDa Myo1c is the product
of peripheral blood autoreactive immune cells, mainly
lymphocytes [5,6]. This hypothesis might be confirmed by
the fact that high level of the 48 kDa Myo1c is detected
exclusively at the early stage of the disease when so-called
“peripheral blood period” takes place. On the contrary, when
the pathological process starts to dominate in the CNS and
moderates in the peripheral blood, the disease obtains a
progressive course that is displayed by a decrease in blood
serum 48 kDa Myo1c in patients. We assume that low 48
kDa Myo1c level at the late stage of the disease reflects a
reduced death of activated lymphocytes — the inhibition of
protective apoptosis over the time in MS [9].

A significant correlation between the 48 kDa Myo1c
increased level in blood serum of MS patients and the early
stages signs of disease (short disease duration, relapsing-
remitting MS type and patients’ disability low level) proves
apossibility of existing link between the 48 kDa Myo1c level
and the MS development. The advantages of blood serum
48 kDa Myo1c determining in MS patients is an opportunity
to diagnose the early stage of disease when its diagnostics
is the most difficult, but at the same time, the disease-
modifying treatment is the most effective. Besides, this

Zaporozhye medical journal. Volume 20. No. 4, July — August 2018

*: P <0.05

test using eliminates the requirement for lumbar puncture.

The mechanism of some modern disease-modifying
treatment action is based on targeting B-cells [10]. In
particular, these drugs can selectively deplete the immune
cells [10]. Therefore, the 48 kDa Myo1c could be an indicator
of this treatment effectiveness.

The MS is also called a “chameleon disease” due to
a unique diversity of its clinical symptoms that can imitate
a variety of other illnesses [10]. That is why, a search for
new MS biomarkers is extremely important. Itis particularly
reasonable at the early stage of MS when the disease
diagnosis is the most difficult [10].

Conclusions

1. The 48 kDa Myo(1c, a probable degradation product
of activated B-lymphocytes, may reflect the apoptosis
activity in these lymphocytes and therefore, to determine
the clinical course of MS.

2. An increased level of the 48 kDa Myo1c in blood
serum of MS patients was combined with the MS early
stage, when its diagnostics is the most complicated, but
treatment is the most effective.

3. The reduction of the 48 kDa Myo1c level was
connected with the course of disease transition to a
secondary progression stage, that characterized by
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the dominance of neurodegeneration processes over
demyelination.

Further investigation of the 48 kDa Myo1c role in
the MS pathogenesis is highly relevant. “Peripheral blood
stage” is the first one in the process of disease development
and subsequent studies of the activation-induced cell
death are on the way. We concluded that the AICD
acceleration in the autoimmune cells could slow or even
stop the pathological process at the MS peripheral stage
before it severely affects the CNS.
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