
Multiple sclerosis – (MS) is a chronic disease of the

autoimmune nature, in the pathogenesis of which a combination

of axon demyelination in the central nervous system and neu-

rodegeneration plays a role, and which is accompanied by pro-

gressive neurological dysfunction [1]. The steady increase in neu-

rological deficit leads to irreversible disability of patients at a

young age, which determines the important social and economic

significance of the disease. MS occurs almost all over the globe,

but its prevalence in different populations varies greatly. In the

Russian Federation, it varies from 30 to 70 cases per 100 thousand

population [2].

The course of MS is characterized by pronounced clinical

heterogeneity. The main types of MS: remitting (RMS), charac-

terized by alternating periods of exacerbation and remission; sec-

ondary-progressive, developing in patients with RMS in the

absence of effective therapy and accompanied by a steady deteri-

oration of neurological symptoms; primary-progressive, in which

the increase in neurological disorders is observed from the very

beginning of the disease. At the same time, even in patients with

the most common type of MS – RMS – the age and symptoms at

the onset, frequency and severity of exacerbations, duration of

remissions, etc., differ significantly, which makes it seriously dif-

ficult to predict the rate of the disease progression [3].

The most common tool for determining the rate of MS pro-

gression in a particular patient is the MS severity scale (Multiple

Sclerosis Severity Scale, MSSS), which is based on the assess-

ment of the patient's increasing degree of disability over time,

defined by the patient's score on the Expanded Disability Status

Scale (EDSS) [4]. One of the major drawbacks of MSSS is the

need for long-term monitoring of patients for at least a year, so

the search for markers of MS severity that would allow predicting

the rate of its progression in the early stages is highly relevant. 

MS is a complex polygenic disease; both the risk of its

development and clinical characteristics can be largely deter-

mined by the genetic characteristics of a particular patient [5].

The most informative method for studying the genetic architec-

ture of polygenic diseases is the genome wide association study

(GWAS), but to achieve a full-genome level of significance, such

studies must include extensive study groups. For example, the lat-

est work, which shows the association between MS and 233 single

nucleotide polymorphisms (SNPs) across the entire genome,

includes more than 100 thousand MS patients and healthy indi-

viduals as controls [6].

When searching for polymorphic variants associated with

the severity of MS, much stricter requirements for homogeneity

of groups by clinical characteristics and treatment status are used

than when studying predisposition to the disease. As a result,

studies of this type using the GWAS method include limited

groups of patients (usually no more than 5–10 thousand) and

have not yet given significant results at the genome-wide level [7].
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Multiple sclerosis (MS) is a chronic autoimmune disease, in the pathogenesis of which the concurrence of demyelination of central nervous sys-

tem (CNS) axons and neurodegeneration plays a role and which is accompanied by progressive neurological dysfunction. Long-term monitoring

of patients with MS is needed to rate its severity according to existing scales; it is therefore very relevant to search for genomic markers that can

predict the rate of disease progression at early stages. The impact of polymorphic variants in the PVT1 locus on MS severity has not been pre-

viously studied.

Objective: to analyze the association of the polymorphic variants rs4645948 in the MYC gene and rs2114358 and rs4410871) in the PVT1 genes

with MS severity according to the Multiple Sclerosis Severity Scale (MSSS) separately and as part of biallelic combinations, as well as the pos-

sible linkage disequilibrium of the studied single nucleotide polymorphisms for establishing the independence of the observed associations.

Patients and methods. The investigation enrolled 468 Russian MS patients who did not take immunomodulating drugs before blood testing. The

patients were divided into two groups: 1) relatively mild MS (MSSS ≤3.5) and 2) relatively severe MS (MSSS >3.5). The polymorphic vari-

ants in the PVT1 locus were genotyped by a real-time polymerase chain reaction assay.

Results and discussion. In the MS study group, the carriage of the allele of PVT1 (rs2114358)*G turned out to be associated with the severe

course of the disease (pf=0.042; odds ratio (OR)=1.41). The significance of the association increases in the simultaneous carriage of this allele

with another variant of the same gene – PVT1 (rs4410871)*T (pf=0.024; OR=1.58). There was no linkage disequilibrium between the com-

ponents of the biallelic combination.

Conclusion. The polymorphic variants in the PVT1 locus are associated with the severity of MS.
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At the same time, the association of various polymorphic variants

of the genome with the severity of MS has already been shown in

the studies using the "candidate gene" approach, which does not

require large samples [8, 9].

The long non-coding RNA (ncRNA) PVT1 gene is a can-

didate gene that is promising for searching for polymorphic vari-

ants associated with the severity of MS. Previously, we obtained

data on the association of SNP rs2114358 of the PVT1 gene with

the risk of developing MS [10]. Another polymorphic variant,

rs4410871, was identified as associated with MS in GWAS [6].

Recent data obtained in experiments on animals and on the cell

line of myoblasts indicate that ncRNA PVT1 may be involved in

the regulation of mitochondria [11], whose dysfunction is crucial

to the process of neurodegeneration in MS [1]. The association of

polymorphisms of the PVT1 locus with MS can also be explained

by the contribution to the development of the disease of the

proto-oncogene MYC, which is located in the immediate vicinity

of PVT1 on chromosome 8. The protein product of the MYC

gene, like PVT1, is involved in the regulation of mitochondria

and, in addition, takes part in the regulation of the cell cycle,

apoptosis and cell metabolism. The Myc protein is able to stimu-

late inflammatory responses in MS [12], while the expression

level of its gene depends on the alleles and genotypes of the

rs4645948 polymorphic variant located in the 5'-untranslated

region of the MYC gene [13]. Thus, from the available data, it can

be concluded that the PVT1 and MYC genes are involved in the

pathogenesis of MS, which means that their functional polymor-

phisms can participate in determining the rate of the disease pro-

gression.

The aim of the study was to genotype and then analyze the

association of polymorphic variants of the MYC (rs4645948) and

PVT1 (rs2114358, rs4410871) genes with the severity of MS on

the MSSS scale, both individually and as part of biallelic combi-

nations; to analyze the possible linkage disequilibrium of the

studied SNPs to establish the independence of the observed asso-

ciations.

Patients and methods. The study included 565 unrelated

patients with MS (394 women and 171 men, the mean age at the

time of blood sampling was 38.7±10.7, the age of MS debut

27.4±9.2 years), who were observed in the Moscow Center for

Multiple Sclerosis or in the Moscow Inter-District Department

of Multiple Sclerosis in City Clinical Hospital No. 24 in Moscow.

MS was diagnosed according to the McDonald Criteria (2010)

[14]. Patients who started taking immunomodulatory drugs with-

in the first year after the diagnosis or who had minimal neurolog-

ical symptoms during the follow-up period (EDSS ≤1 at the end

point of follow-up) were excluded from the analysis. The final

group of MS patients consisted of 468 subjects whose clinical

characteristics are presented in Table 1. The severity of MS was

assessed for each patient on the MSSS scale [4] based on the

EDSS indicator and the duration of the disease. For associative

analysis, the patients were divided into two groups. The 1st group

included 218 patients with relatively mild MS (MSSS ≤3.5), and

the 2nd group included 250 patients with relatively severe MS

(MSSS >3.5). All MS patients were ethnic Russians (according to

the survey). All of them signed the informed consent to partici-

pate in the study. The study was approved by the Ethics

Committee of the Pirogov Russian National Research Medical

University of the Ministry of Health of Russia.

DNA was isolated from whole blood using commercial

QIAamp DNA Blood MidiKit (Qiagen, Germany). Genotyping

of polymorphic variants of the MYC (rs4645948) and PVT1

(rs2114358, rs4410871) genes was performed by real-time poly-

merase chain reaction on StepOnePlus detecting amplifiers

(Thermo Fisher Scientific, USA) using commercial TaqMan Pre-

designed SNP Genotyping Assay Kit (Thermo Fisher Scientific,

USA).

The analysis of the association of carriage of alleles and

genotypes of the studied SNPs and their combinations with the

severity of MS on the MSSS scale was performed using the

APSampler software (https://sourceforge.net/projects/apsam-

pler/). The strength of associations was expressed as the odds

ratio (OR). The associations for which OR 95% confidence inter-

val (CI) did not cross 1, were considered significant, and the value

of p, according to the exact Fischer criterion, was >0.05. To assess

the nature of interaction (epistatic or additive) between the com-

ponents of the identified combination, we calculated p values in



the exact three-way Fisher-like interaction numeric test (FLINT)

and synergy factor (SF) included in the APSampler tools. The

interaction was considered epistatic if the pflint value was <0.05,

and 95% CI for SF did not cross 1. The analysis of linkage dise-

quilibrium of the studied SNPs was performed using the

HaploView algorithm (https://www.broadinstitute.org/haplo-

view/haploview). To determine the linkage force, we used the r2

metric and the normalized Lewontin linkage disequilibrium coef-

ficient (D'). At D'<0.7 and r2<0.5, the linkage between polymor-

phic variants was regarded as weak, at D'>0.7 and r2>0.5 – as sig-

nificant, and at D'=1 and r2>0.8 – as strong.

Results. The frequency of carrying alleles and genotypes of

SNP from the PVT1 locus in the groups of MS patients with rel-

atively mild (MSSS ≤3.5) and relatively severe (MSSS >3.5)

(Table 2) disease course was determined.

As can be seen from Table 2, the carriage of the allele PVT1

(rs2114358)*G is associated with severe MS (pf=0.042;

OR=1.41; 95% CI 1.01–2.05), while the genotype PVT1

(rs2114358)*A/A is significantly more common in patients with

mild disease (pf=0.042; OR=0.71; 95% CI 0.49–0.99). In

patients with mild MS, the frequency of carrying the MYC

(rs4645948)*S / T genotype is also increased (pf=0.038; OR=0.35).

However, 95% DI for OR crosses 1, so this association was not

classified as significant. For SNP PVT1 (rs4410871), no signifi-

cant associations were found with the severity of MS assessed on

the MSSS scale.

To search for allelic combinations that can act as markers of

the severity of MS, a multi-locus analysis was performed. We

identified allelic combination – PVT1 (rs2114358)*G + PVT1

(rs4410871)*T – the carriage of which is associated with severe

MS (pf=0.024; OR=1.58; 95% CI 1.03–2.43). We also analyzed

the nature of interactions between the components included in

the combination. The values of pflint and SF were insignificant,

which indicates the additive nature of the interaction.

We studied the possible linkage disequilibrium between the

polymorphic variants of the MYC (rs4645948) and PVT1

(rs2114358, rs4410871) genes to establish its role in the observed

associations (see Fig.1). In the studied group of MS patients, the

values of D' and r2 did not exceed 0.44 and 0.003, respectively,

which indicates the absence of a pronounced linkage between the

polymorphic variants. The calculation of the D' and r2 metrics

based on the data from the project 1000 Genomes also shows that

there is linkage disequilibrium between the studied variants: the

values of D' and r2 for the studied SNPs in European populations

do not exceed 0.674 and 0.004, respectively.
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Discussion. This study shows for the first time that the car-

riage of the PVT1 allele (rs2114358)*G is a marker of severe MS

on the MSSS scale in Russian patients, while the alternative

genotype PVT1 (rs2114358)*A/A is more common in patients

with a mild course of the disease.

The polymorphic variant rs2114358 is located in the fifth

intron of the long non-coding RNA PVT1 gene. RNA mole-

cules of this class are widely involved in regulating the differen-

tiation and functioning of immune cells under normal and

pathological conditions. Thus, high levels of PVT1 are normal-

ly found in monocytes, CD4+ and CD8+ T-lymphocytes, and

its pathological increase is observed in patients with acute and

chronic leukemia, multiple myeloma, and a number of other

malignancies [15, 16]. In recent years, data have appeared on

the association of PVT1 levels with various autoimmune dis-

eases, such as systemic lupus erythematosus and rheumatoid

arthritis [17, 18].

MIR1204, MIR1205, MIR1206 and MIR1207 genes locat-

ed in the PVT1 gene can also contribute to the functioning of the

immune system in normal and pathological conditions. They

encode microRNAs – small (20–25 nucleotides) single-stranded

non-coding RNA molecules that can complementarily or partial-

ly complementarily bind to the target mRNA and mediate its

degradation or inhibition of protein product synthesis. The poly-

morphic version of rs2114358 is located in the pre-miR-1206

region, which means that it can affect the efficiency of its splic-

ing. The biological functions of miR-1206 are still poorly under-

stood and, we hope, they will be identified in the course of further

research.

Although several polymorphic variants of the PVT1 locus

are among the GWAS-identified markers of MS risk, they do

not include SNP rs2114358 [6]. Indeed, when analyzing its

association separately with the two most common types of MS

– remitting and primary-progressive – we did not get significant

results [19]. However, the use of multi-locus analysis allowed to

increase the statistical power of the study and reveal the associ-

ation of the rs2114358*G allele with a high risk of developing

RMS when compared with both healthy volunteers [10] and

patients with primary-progressive MS [20] as part of allelic

combinations.

We did not observe a significant association between SNP

PVT1 (rs4410871) located in the first exon of the PVT1 gene and

the severity of MS on the MSSS scale. However, if the PVT1 allele

(rs4410871)*T is part of a biallelic combination with the variant

of the same PVT1 gene (rs2114358)*G which is independently

associated with the severity of MS, the level of significance and

OR for this combination is higher than for PVT1 (rs2114358)*G

alone. Moreover, the absence of linkage disequilibrium between

these two polymorphisms indicates the independence of their

effects. There is no epistatic interaction between them either.

Thus, when using multi-locus analysis, we found a connection of

the PVT1 allele (rs4410871)*T with the severity of MS course. At

the same time, in contrast to SNP rs2114358, the polymorphic

variant rs4410871 is an independent marker of MS risk identified

in GWAS [6].

The results of this study complement the data previously

obtained, and indicate the connection of two polymorphic vari-

ants of the gene PVT1 (rs2114358 and rs4410871) with the risk of

MS development and its severity; the only difference is that with-

out the use of multi-locus sequence analysis, the significance level

of the association with risk of development of MS was sufficient

for rs4410871, and with the severity of its course – for rs2114358.

Although we observed a tendency towards association

between the heterozygous genotype rs4645948*C/T and a mild

course of MS, it is obvious that the size of the study sample was

insufficient to obtain a significant association. Additional

research is needed to confirm it. The role of the polymorphic

variant MYC (rs4645948) in determining the clinical phenotype of

MS remains to be found. 

Conclusion. This study, conducted on a homogeneous sam-

ple of patients with RMS, showed that polymorphic variants of the

PVT1 locus affect the severity of MS, with a more pronounced

association observed for SNP rs2114358. Undoubtedly, the data

obtained need to be replicated in independent groups of patients.

We hope that after the appropriate validation, they can be used for

the compilation of panels of prognostic markers that allow to pre-

dict the rate of progression of MS in the early stages of the disease.

Figure 1. Results of analysis of linkage disequilibrium between the

polymorphic variants in the MYC (rs4645948) and PVT1

(rs2114358, rs4410871) genes in the studied group of MS patients.

The color gradient denotes the coupling force expressed in the val-

ues D' (a) and r2 (b)

а                                                            b



8 Nevrologiya, neiro-psikhiatriya, psikhosomatika = Neurology, Neuropsychiatry, Psychosomatics. 2020;(Suppl. 1): 4–8

O R I G I N A L  I N V E S T I G A T I O N S  A N D  M E T H O D S

1. Kozin MS, Kulakova OG, Favorova OO.

Involvement of mitochondria in neurodegener-

ation in multiple sclerosis. Biochemistry (Mosc).
2018 Jul;83(7):813-30. doi: 10.1134/S000

6297918070052. 

2. Boyko A, Smirnova N, Petrov S, Gusev E.

Epidemiology of MS in Russia, a historical

review. Mult Scler Demyelinating Disord. 
2016;1(1):13. 

3. Confavreux C, Vukusic S. The clinical course

of multiple sclerosis. In: Handbook of Clinical

Neurology. Vol 122. Elsevier B.V.; 2014: 

P. 343-69. 

4. Roxburgh RHSR, Seaman SR, Masterman T,

et al. Multiple sclerosis severity score: Using

disability and disease duration to rate disease

severity. Neurology. 2005 Apr 12;64(7):1144-51.

doi: 10.1212/01.WNL.0000156155.19270.F8. 

5. Oksenberg JR. Decoding multiple sclerosis:

an update on genomics and future directions.

Expert Rev Neurother. 2013 Dec;13(12 Suppl):

11-9. doi: 10.1586/14737175.2013.865867. 

6. Patsopoulos NA, Baranzini SE, Santaniello A,

et al. Multiple sclerosis genomic map implicates

peripheral immune cells and microglia in sus-

ceptibility. Science. 2019 Sep 27;365(6460):

eaav7188. doi: 10.1126/science.aav7188. 

7. George MF, Briggs FBS, Shao X, et al.

Multiple sclerosis risk loci and disease severity

in 7,125 individuals from 10 studies. Neurol
Genet. 2016 Aug 4;2(4):e87. doi: 10.1212/NXG.

0000000000000087. eCollection 2016 Aug. 

8. Javor J, Shawkatova I, Durmanova V, et al.

TNFRSF1A polymorphisms and their role in

multiple sclerosis susceptibility and severity in

the Slovak population. Int J Immunogenet. 2018 Jul

16. doi: 10.1111/iji.12388. Online ahead of print.

9. Bashinskaya V V, Kulakova OG, Kiselev IS,

et al. GWAS-identified multiple sclerosis risk

loci involved in immune response: Validation in

Russians. J Neuroimmunol. 2015 May 15;282:

85-91. doi: 10.1016/j.jneuroim.2015.03.015.

Epub 2015 Mar 17. 

10. Kozin MS, Kulakova OG, Kiselev IS, et al.

Variants of mitochondrial genome and risk of

multiple sclerosis development in Russians. Acta
Naturae. Oct-Dec 2018;10(4):79-86. 

11. Rhizobium GE. Complete Genome

Sequence of the Sesbania Symbiont and Rice.

Nucleic Acids Res. 2013;1(1256879):13-4. 

12. Kunkl M, Sambucci M, Ruggieri S, et al.

CD28 Autonomous Signaling Up-Regulates 

C-Myc Expression and Promotes Glycolysis

Enabling Inflammatory T Cell Responses in

Multiple Sclerosis. Cells. 2019 Jun 11;8(6):575.

doi: 10.3390/cells8060575. 

13. Guo Z, Wang Y, Zhao Y, et al. A functional

5’-UTR polymorphism of MYC contributes to

nasopharyngeal carcinoma susceptibility and

chemoradiotherapy induced toxicities. J Cancer.
2019 Jan 1;10(1):147-55. doi: 10.7150/jca.28534.

eCollection 2019. 

14. Polman CH, Reingold SC, Banwell B, et al.

Diagnostic criteria for multiple sclerosis: 2010

revisions to the McDonald criteria. Ann Neurol.
2011 Feb;69(2):292-302. doi: 10.1002/ana.22366.

15. Ghetti M, Vannini I, Storlazzi CT, et al.

Linear and circular PVT1 in hematological

malignancies and immune response: Two faces

of the same coin. Mol Cancer. 2020 Mar 30;

19(1):69. doi: 10.1186/s12943-020-01187-5.

16. Ghafouri-Fard S, Omrani MD, Taheri M.

Long noncoding RNA PVT1: A highly dysregu-

lated gene in malignancy. J Cell Physiol. 2020

Feb;235(2):818-35. doi: 10.1002/jcp.29060.

Epub 2019 Jul 11.

17. Zhang CW, Wu X, Liu D, et al. Long non-

coding RNA PVT1 knockdown suppresses

fibroblast-like synoviocyte inflammation and

induces apoptosis in rheumatoid arthritis

through demethylation of sirt6. J Biol Eng. 2019

Jul 2;13:60. doi: 10.1186/s13036-019-0184-1.

eCollection 2019. 

18. Ali M, Shaker O, Khalefa A, et al. Serum

long noncoding RNAs FAS-AS1 &amp; PVT1

are novel biomarkers for systemic lupus erythe-

matous. Br J Biomed Sci. 2020 Jul 2;1-5. 

doi: 10.1080/09674845.2020.1765459. 

Online ahead of print.

19. Kiselev I, Bashinskaya V, Baulina N, et al.

Genetic differences between primary progres-

sive and relapsing-remitting multiple sclerosis:

The impact of immune-related genes variability.

Mult Scler Relat Disord. 2019 Apr;29:130-36.

doi: 10.1016/j.msard.2019.01.033. 

Epub 2019 Jan 24.

20. Kiselev IS, Kulakova OG, Baulina NM, 

et al. Variability of the MIR196A2 Gene as a

Risk Factor in Primary-Progressive Multiple

Sclerosis Development. Mol Biol (Mosk).
Mar-Apr 2019;53(2):282-89. doi: 10.1134/

S0026898419020071.

R E F E R E N C E S

Received/Reviewed/Accepted

15.05.2020/22.06.2020/1.07.2020

Conflict of Interest Statement
The investigation has been supported by the Russian Foundation for Basic Research under Research Project №19-315-51003. There

are no conflicts of interest. The authors are solely responsible for submitting the final version of the manuscript for publication. All the

authors have participated in developing the concept of the article and in writing the manuscript. The final version of the manuscript has

been approved by all the authors.

Kiselev I.S. http://orcid.org/0000-0003-3366-4113

Kozin M.S. https://orcid.org/0000-0001-6587-1243

Baulina N.M. http://orcid.org/0000-0001-8767-2958

Pavlova G.V. http://orcid.org/0000-0002-6885-6601

Boyko A.N. https://orcid.org/0000-0002-2975-4151

Kulakova O.G. https://orcid.org/0000-0002-5321-3101

Favorova O.O. https://orcid.org/0000-0002-5271-6698


