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THE ROLE OF ANTIBODIES TO ACETYLCHOLINE, MUSCLE-SPECIFIC KINASE,
TITIN AND SOX1 RECEPTORS IN PREDICTING SEVERE MYASTHENIA GRAVIS
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e-mail: kalbus.dp@gmail.com

182 patients with myasthenia gravis aged 18 to 83 years were examined. The severity of myasthenia gravis was quantified
on the Quantitative Myasthenia Gravis scale. An immunological test was performed to determine the presence and titer of
antibodies to acetylcholine receptors, muscle-specific receptor tyrosine kinase, and to determine the presence of antibodies against
titin and SOX1. Antibodies to acetylcholine receptors were detected in 124 (68.1 %) patients, including 108 (73.5 %) with
generalized and 16 (45.7 %) with the ocular form of the disease. Antibodies to muscle-specific kinase were detected in 16 (10.9 %)
patients with generalized myasthenia gravis. Titin antibodies were detected in 53 (29.1 %) patients with generalized myasthenia
gravis. Antibodies to SOX1 have been diagnosed in 10 (6.8 %) subjects with a generalized form of myasthenia. The ability of these
immunological markers to predict the development of severe myasthenia gravis was assessed by ROC analysis. It was found that
the titer of antibodies to acetylcholine can be used to predict the severe course of myasthenia gravis. If the antibody titer level to
acetylcholine is above 6.9 nmol/L, the ratio of chances of severe disease in patients with myasthenia gravis compared to patients
with a lower level of titer of these antibodies is 22.35 (95.0 % CI 6.98-71.56), p<0.001.

Key words: myasthenia gravis, antibodies, titin, SOX1, muscle-specific kinase, acetylcholine receptors, prognosis,
course.

0.1. Kans0yc, 0.0. Hedronos

POJIb AHTUTLI A0 PEHEIITOPIB AHETUJIXOJIHY, M’SI30BO-CIHEHU®IYHOI
TUPO3UH-KIHA3HU, TUTUHY TA SOX1 Y IPOI'HO3YBAHHI TAXKKOI'O IIEPEBITY
MIACTEHII

O6ctexeno 182 xBopux Ha MiacTetiro y Biui Bix 18 1o 83 pokis. CTymiHb TSHKKOCTI MiacTeHil OLIHIOBAIN KiJIbKICHO 32
mkanoro Quantitative Myasthenia Gravis. [IpoBouin iMyHooriuHe 00CTEKEHHS 3 BU3HAUCHHSIM HasIBHOCTI Ta TUTPY aHTHUTILJI 10
PELEeNnTOPIB aLeTUII-XOMiHY, M 130BO-clel()iYHOT THPO3HH-KiHA3H, & TAKOXK BU3HAYAIM HASBHICTh aHTHTLI 0 TUTUHY Ta SOX1.
AHTHUTIIA 0 PELENTOPIB aleTHIXOdiHy BusiBiieHO Y 124 (68.1 %) xBopux, B T.4. y 108 (73.5 %) — 3 reHepanizoBaHoio ta y 16
(45.7 %) — 3 ouHolo (opMor. AHTHTUIA [0 M s30BO-crienudiuHoi Tupo3uH-KiHa3u BusiBieHo y 16 (10.9 %) xBopux 3
TeHepajli30BaHOIO MiacTeHicl0. AHTUTINIA 10 TUTHHY BHSBIEHO Yy 53 (29.1 %) oci6 3 reHepai3oBaHOIO MiacTeHi€I0. AHTHTINIA IO
SOX1 niarnocroBano y 10 (6.8 %) oOcTexxeHnX 3 TeHepanizoBaHOI0 (GOPMOI0. 3TaTHICTh 3a3HAYCHUX IMYyHOJIOTIYHHX MapKepiB
MIPOTHO3YBaTH PO3BUTOK TSDKKOTO Iepebiry miacteHii omimroBanu 3a ROC-anamizom. BcTaHOBIIGHO, IO THTP aHTHTIN 10
ALCTHIXOJIIHY MOYe OyTH BUKOPHCTaHHM JUIsl TPOTHO3Y TSHKKOTO nepebiry miactenii. [Ipu piBHI TUTPY aHTHUTIN IO aLETUIIXOIIIHY
Bulie 6.9 HMOJB/JI, BIAHOIICHHS [IAHCIB TSHKKOTO Mepediry 3aXBOPIOBaHHs y XBOPHUX Ha MIacTEHIO MOPIBHSIHO 3 XBOPUMH, IO
MAaroTh HIDKYMI piBEHb PIBEHb TUTPY LHUX aHTHUTLN cknamae 22.35 (95,0 % A1 6,98-71,56), p<0,001.

Kurouosi ciioBa: miacrenis, antutina, Tutut, SOX1, M’ s130Bo-crenuivna THPO3UH-KiHA3a, PELENITOPH alleTUIIXOJIiHY,
MIPOTHO3YBaHHS, Iepelir.

The study is a fragment of the research project “Nervous system disorders in paroxysmal, neuroimmunological and
cerebrovascular diseases”, state registration No. 0119U104025.

Myasthenia gravis is an autoimmune disease of the neuromuscular synapse with an unknown
etiology. It is characterized by damage to the postsynaptic terminal mainly due to the production of
autoantibodies to acetylcholine receptors (AchR) or muscle-specific kinase (MuSK). These antibodies are
diagnostic markers of myasthenia gravis [1, 5, 9].

The prevalence of myasthenia gravis worldwide has been increasing in recent decades, mainly due
to improved diagnosis and treatment. It varies in different countries from 17 to 300 cases per 1 million
population per year [5, 9]. The prevalence of myasthenia gravis in Ukraine is 5.16 cases per 100 thousand
population per year [2].

According to various studies, up to 85 % of generalized and about 50 % of patients with ocular
myasthenia gravis have antibodies to acetylcholine receptors. As for antibodies to MuSK, they are found
in about 6 % of patients with generalized myasthenia gravis. Simultaneous detection of antibodies to AchR
and MuSK is atypical [8, 9].

In addition to these antibodies, antibodies to titin and the specific antigen SOX1 play a diagnostic
role. Antibodies to titin are markers of pathological changes in the thymus. They can be detected in the
preclinical stages when imaging techniques (CT or MRI of the anterior mediastinum) do not allow
assessing these changes. Antibodies to SOX1 are markers of the paraneoplastic syndrome (including
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Lambert-Eaton myasthenic syndrome). They can be detected even a few years before developing the first
minimal clinical manifestations of malignant tumours (including cancer) [5, 9, 10].

The predictive value of immunological markers for the clinical course of myasthenia gravis
remains open.

The purpose of the study was to establish the predictive value of immunological markers of
myasthenia gravis in predicting the severe course of the disease.

Materials and methods. 182 patients with myasthenia gravis were examined, of which 147
(80.8 %) had a generalized form of the disease, 35 (19.2 %).

Clinical and neurological examination included collecting complaints, medical history and life, and
neurological examination. The severity of myasthenia gravis was quantified on a QMG scale [6].

All patients had their AchR and MuSK antibody levels determined by enzyme-linked
immunosorbent assay (ELISA), including quantitatively, and also determined the presence of antibodies to
titin and SOX1 by indirect immunofluorescence.

ROC analysis was performed to assess the ability of immunological markers to predict severe
myasthenia gravis

When checking the conformity of the distribution, the quantitative features did not correspond to
the normal law according to the Shapiro—Wilk and Kolmogorov—Smirnov tests with the Lilliefors' test for
normality, so the methods of nonparametric statistics were used in mathematical processing. Statistical
processing of the study results was carried out using a personal computer with Microsoft Excel software
products (Microsoft Office 2016 Professional Plus, Open License 67528927), STATISTICA 6.1
(StatSoftInc., serial number AGAR909E415822FA). The median (Me) with interquartile range (25 %;
75 %) — 25th and 75th percentiles (Q1 and Q3 — first and third quartiles, respectively) served as a central
tendency to describe quantitative traits with an abnormal distribution. ROC analysis was performed to
assess the ability of immunological markers to predict severe myasthenia gravis. To assess the relationship
between traits, a correlation analysis was performed by calculating Spearman’s rank correlation coefficient
(p). The critical value of the level of statistical significance (p) for all types of analysis was less than 5 %
(»<0.05).

Results of the study and their discussion. Among the examined patients, women accounted for
128 (70.3 %), men were 54 (29.7 %), and the ratio of women to men — was 2.37:1. In patients with the
generalized form of the disease, a statistically significantly higher proportion of men was determined,
compared with the ocular form (p=0.027). However, statistically significant differences in the overall
structure of the examined by sex were not found between classes and subclasses of the disease (p>0.05).

The age of all patients at the time of examination ranged from 18 to 83 years. The median age in
the examined patients was 52.0 (34.0; 65.0).

Antibodies to AchR were detected in 124 (68.1 %) patients, including 108 (73.5 %) with
generalized and 16 (45.7 %) with the ocular form of the disease.

The second marker in the detection frequency was antibodies to MuSK, which was detected in 16
(10.9 %) patients with generalized myasthenia gravis. These antibodies were not detected in patients with
ocular myasthenia gravis.

The mean level of antibody titer to AchR among patients who have detected these antibodies was
4.05 (1.55; 6.55) nmol/L. The mean level of antibody titer to MuSK among patients with these antibodies
was 6.0 (1.45; 6.95) nmol/L.

Antibodies to titin were detected in almost a third of all subjects — in 53 (29.1 %) people. These
antibodies were not detected in patients with ocular myasthenia gravis.

Antibodies to SOX1 were also not detected in patients with ocular myasthenia gravis but were
diagnosed in 10 (6.8 %) patients with generalized form.

To assess the ability of immunological markers (antibodies to AchR, MuSK, titin, SOX1) to predict
severe myasthenia gravis, ROC analysis was performed.

Severe myasthenia gravis was determined by a QMG scale of 17 or higher. The analysis included
both the characteristics of the presence of antibodies and the titers of those antibodies that were quantified
(antibodies to AchR, MuSK).

ROC analysis of the studied antibodies' ability to predict the disease's severity is shown in Table 1
and fig. 1-4.

The areas under the ROC curve of all studied immunological markers, except for the presence and
titer of antibodies to AchR, are less than 0.6 (p> 0.05), so they have unsatisfactory characteristics of
prognostic value in predicting the severe course of myasthenia.
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Table 1
Operative characteristics of immunological markers for predicting severe myasthenia gravis
(according to ROC analysis)

Antibodies AUC SE AUC 91([7}’ gl p Se Sp Cu?g;‘frgzlin )
AchR titer 0.835 0.065 0.707-0.963 <0.001 70.59 90.30 >6.9
AchR presence 0.611 0.044 0.524-0.698 0.012 88.24 33.94 >0
MuSK titer 0.514 0.033 0.450-0.579 0.660 94.12 1.82 <6.7
MuSK presence 0.516 0.032 0.454-0.578 0.610 94.12 9.09 <0
Titin presence 0.563 0.051 0.463-0.663 0.214 82.35 30.30 <0
SOX1 presence 0.535 0.041 0.454-0.615 0.401 11.76 95.15 >0

Notes. AUC (Area Under Curve); SE (Standard Error); Se (Sensitivity); Sp (Specificity).

The titer to acetylcholine antibodies has the best operational characteristics (highest sensitivity and
specificity, AUC); its ability to predict severe myasthenia gravis can be assessed as very good (Se=70.59;
Sp=90.3; AUC=0.835; p<0.001) (fig. 1).

The presence of AchR antibodies has average operational characteristics for predicting severe
myasthenia gravis (Se=88.24; Sp=33.94; AUC=0.611; p=0.044) (fig. 2).
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Fig. 1. Prognostic role of antibody titer to AchR in severe
myasthenia gravis.
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Fig. 2. Prognostic value of detection of antibodies to

AchR in severe myasthenia gravis.

The presence of antibodies to AchR has a low specificity of prognosis with sufficiently high
sensitivity. This pattern is determined for antibodies to MuSK. The presence of SOX1, on the contrary,
with sufficiently high specificity, has a low sensitivity to the prognosis.
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Fig. 3. ROC curves for predicting severe myasthenia gravis by the
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presence (titer) of antibodies to AchR, MuSK, titin, and SOX1.

The predictive power of the studied
immunological markers was compared
using ROC analysis (fig. 3).

When comparing all ROC curves with
each other, we found statistically significant
differences between the titer of antibodies to
AchR and other markers (p<0.01). A
comparison of the presence of antibodies to
AchR and the titer of this marker showed
that the difference between the areas under
the ROC curves was 0.224 (95.0 % CI
0.159-0.290), p<0.001.

Thus, only the titer of antibodies to
acetylcholine can be used to predict the
severe course of myasthenia gravis.

The optimal cut-off point, which can be used as a critical level of an immunological marker for
deciding on the prognosis of severe myasthenia gravis, was >6.9 nmol/L (fig. 4).
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AchR AB titer If the antibody titer level to
acetylcholine is higher than 6.9 nmol/L,
the odds ratio of severe disease in

i patients with myasthenia gravis
& compared to patients with an antibody
‘f titer level to AchR below the specified
& level is OR=22.35 (95.0 % CI 6.98-
e 289 71.56), p<0:001. .
6| O%%} Spec 903 Thus, immunological markers are
s not only diagnostic but also predictive
¢ that neurologists can widely use in
routine practice.
It should be noted that according to
oL & our study, the greatest prognostic role in
0 1 the course of myasthenia gravis is played
1- severe myasthenia gravis, 0 - no by antibodies to AchR — both their

Fig. 4. The optimal cut-off point for the titer of antibodies to acetylcholine =~ Presence and titer. However, in practical

to predict severe myasthenia gravis. work, in our opinion, the antibody titer is

crucial in assessing the prognosis of the disease. In contrast, detecting antibodies to AchR receptors is a

diagnostic tool. This is confirmed by other researchers [4, 7]. Thus, Kojima Y. et al., 2021, according to

the results of prospective observation of 53 patients with seropositive antibodies to AchR myasthenia
within 100 days, proved that the level of antibodies to AchR can serve as a marker of the effectiveness and

adequacy of prescribed immunosuppressive therapy. That is, it is an indirect prognostic marker [7].

However, there are also opposite results. Thus, in a study by Wang L. et al., 2021, it was found that
the level of antibodies to AchR does not correlate with the degree of symptoms of myasthenia gravis [11].
Such incompatibility of results can be explained by different research endpoints and, consequently, by
other research methodologies.

According to our study, antibodies to MuSK, their detection and titer have a high sensitivity to
predict severe myasthenia gravis but low specificity. However, according to Konig N. et al., 2021, the
detection of antibodies to MuSK is considered a marker of a worse prognosis of the course and outcome
of myasthenia gravis [8]. Given the low prevalence of MuSK-positive myasthenia in the population, for a
more in-depth analysis of the predictive value of this marker, it is necessary to perform studies involving
more MuSK-positive patients in several research centres.

As for antibodies to titin, according to our study, its detection has a medium sensitivity and low
specificity in predicting the severe course of myasthenia. However, in a study by Chen Y. et al., 2022, it
was shown that with the simultaneous detection of antibodies to AchR and titin, patients have a worse
prognosis of myasthenia gravis [3]. Similar conclusions are made by other authors [9, 10].

D Komehsions,

1. The titer of antibodies to acetylcholine receptors has the best predictive characteristics in
predicting the severe course of myasthenia.

2. If the antibody titer level to acetylcholine is above 6.9 nmol/L, the odds ratio for severe
myasthenia gravis is 22.35.

3. Determining the titer of antibodies to acetylcholine receptors can also be used to assess the
effectiveness of pathogenetic treatment of myasthenia gravis.
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Prospects for further research. It is promising to study the prognostic role of antibody titer to muscle-specific kinase in
combination with antibodies to titin to evaluate the effectiveness of treatment of generalized myasthenia gravis.
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INFLUENCE OF MARITAL STATUS ON LONGEVITY IN UKRAINE
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We observed 517 people aged 90+ living in Ivano-Frankivsk region during 2005-2015. Each respondent answered 49
questions concerning their socio-psychological state, lifestyle, and health status. Among 133 males and 335 females who got
married for the first time, 105 (78.9 %) men and 303 (90.4 %) women felt happy. There was a significant difference (p<0.05)
between long-lived men and women who were unhappy in their first marriage — 28 (21.1 %) men and 32 (9.6 %) women. Among
happy men, 31 (29.5 %) males were married twice and experienced happiness significantly more often than happy women (15.5 %)
experience. No significant difference between happy and unhappy long-livers was found between both sexes in the third marriage.
For the group “men”, there was a strong relationship between the years lived and their marital status; for the group “women”, it
was strong; for the group “men and women”, the Pearson’s contingency coefficient showed a strong relationship, which indicated
the influence of long-term marital status on the life expectancy of long-livers. One reason for the longevity of the XX century
generation in Ukraine was a long-term marital status.

Key words: psychology, longevity, marital status, Ukraine

L.JI. KozoBa, O.B. I1anuak, H.I. Kinepa, 3.I1. /IByiit, M.M. Poxko, JI.€. KoBaabayk
BILJIUB ACIIEKTIB CIMEMHOTI'O CTAHY HA JTOBI'OJIITTS B YKPATHI

[ix mammm crioctepexeHnsM nepedysaso 517 ocid Bikom 90+, siki npoxkuBaiy B [BaHo-DpaHKiBChKiil 0071aCTi POTIroM
2005-2015 pokis. KoxkeH pecrioHIEHT BiANOBIB HA 49 MHUTaHb MIONO HOTO COIIATBHO-IICHXOJIOTTYHOTO CTaHy, CIIOCO0Y KHUTTS Ta
crany 310poB's. Cepen 133 qonoBikiB i 335 iHOK, sIKi OApYKUIIKCS Brieplie, macauBumMu BiguyBaau cebe 105 (78,9 %) 4omnoBikiB i
303 (90,4 %) xinku. Cepen moBroxutenis Oyina cyrreBa pisHHIA (p<0,05) MK JOIOBIKaMH Ta JKIHKaMU, SIKi OyJIM HEIACIMBUMU Y
nepuioMy numo6i — 28 (21,1 %) gonosikiB Ta 32 (9,6 %) xinku. Cepen maciuBux 4oioBikiB 31 (29,5 %) 4omnoBik OyB opy KeHUH
JBidi 1 BiUyBaB LIACTs 3HAYHO YaCTillle, HDK macuBi xkiHku (15,5 %). YV Tperbomy 1UTI001 He OYyI10 BUSBICHO CYTTEBOI Pi3HHULI MK
LIAC/IMBUMH 1 HEILACIUBUMH JOBIOKUTEIAMU 000X crareil. JIis rpyly «4oJiOBiKW» iCHYBaB CHIIBHHM 3B’S30K MK HPOKUTUMH
pOKamH Ta iXHIM CIMEHHIM CTaHOM; TS TPYTIH «KIHKH» BiH OYB CHUIBHUM; JUTSI TPYTIN «YOJIOBIKH Ta KiHKH» KOC(II[IEHT CIIPSHKEHOCTI
ITipcoHa noxa3aB CWJIbHHII 3B’30K, IO CBIIYMTH NPO BIUIMB TPHBAJIOrO CIMEHHOTO CTaHy HA TPHBAJICTb XKUTTSA JOBTOXKHTEINIB.
OpHi€r0 3 IPUYXH IOBTOJITTS MpeICTaBHAUKIB XX cTOMITTA B YKpaiHi OyIo nepeOyBaHHS B IITIO0I.

Kawu4oBi cioBa: nicuxoorisi, JOBrOJITTA, BiK, CIMEHHUIA cTaH, [BaHO-DpaHKiBChKa 001aCTh

The study is a part of the research project “Prevalence and spectrum of birth defects in families with different hereditary
and multifactory pathology” state registration No. 0119U003647.

There are many factors that affect longevity [6, 8, 13]. Thus, according to Berg et al., the genetic
studies on longevity may incorporate the parental transmission pattern and genes influencing the entire life
course of individuals [1]. The female advantage in longevity is believed to be the result of the hormonal
effect on the inflammatory and immunological reactions or greater resistance to oxidative damage [2].

Larsson et al. have identified the factors associated with increased life expectancy [9]. Samton has
analysed the results of various studies on the “green” old age and the increase in life expectancy and

© 1L. Kozova, O.V. Panchak, 2022 78



