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Fc receptors have been shown to play a role in several autoimmune diseases. We aimed

to test, for the first time, whether some of the single nucleotide variants in the FCRL5 gene

were associated with multiple sclerosis (MS) susceptibility and clinical manifestations

in the Polish population. The case-control study included 94 individuals with MS and

160 healthy subjects. We genotyped two single nucleotide variants of the FCRL5 gene:

rs2012199 and rs6679793. The age of onset, disease duration, and clinical condition

of the MS subjects were analyzed. For statistical analysis, we used the chi-squared

test confirmed with Fisher’s exact test. We observed the significant differences in the

distribution of investigated FCRL5 genotypes between MS subjects and healthy controls.

The CC and CT genotypes, as well as the C allele of rs2012199, were significantly more

common in the MS subjects, as were genotypes AA and AG, and allele A of rs6679793.

We noted that decreased MS susceptibility was associated with the T allele rs2012199

(OR = 0.37, p = 0.0002) and G allele rs6679793 (OR = 0.6, p = 0.02). Our results

support the role of the FCRL5 locus in MS predisposition and extend the evidence of its

influence on autoimmunity.
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INTRODUCTION

Autoimmune diseases (AIDs) result from an impaired immune response, and their development
includes a strong heritable component (1); multiple sclerosis (MS) involves autoimmune
responses to myelin antigens. The occurrence of MS may be promoted by certain genetically
predetermined mechanisms combined with other genetic and/or environmental factors associated
with specific diseases (2); however, little is known about the role of peripheral blood cells in
this neurodegenerative component. Many studies point toward the role of T-cells in mediating
inflammatory damage within the central nervous system, and MS has already been regarded
as a T-cell-mediated disorder (3). In addition, genetic loci that have been identified close
to immunologically relevant genes are significantly overrepresented among MS subjects, thus
implicating the T-cell differentiation in the pathogenesis of MS (4). However, raising the
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inflammatory process to the level of systemic and clinical
manifestations involves not only the T-cells but also the
whole amplifying and disease-perpetuating complex of cellular-
network factors, triggering the production of cytokines and other
paracrine mediators. These factors include B-cells (5).

Despite the established importance of B-cells in the
pathogenesis of autoimmunity, the immune mechanisms
that underlie their role have not been completely defined so far
(6). It is known that the B-cell pathway plays many important
roles other than as precursors of terminally differentiated,
antibody-secreting plasma cells, and their additive role in
the pathogenesis of MS is being investigated (7, 8). Evidence
supports important B-cell roles in MS development; disease
suppression, reduction in neurodegeneration, and changes
in disability progression have been observed (9) under B-cell
depleting therapies, such as treatment with ocrelizumab, that
have received the first FDA indication for primary progressive
MS treatment (10).

The activation of B-cells and the mediation of the specific
recognition of antigens by leukocytes are promoted by a large
family of Fc receptors (11). Human FCRL5 (Fc receptor-like
protein 5) is a novel IgG receptor of the immunoglobulin
superfamily (IgSF), and its expression is mainly restricted
to B-cells (12). Genome-wide screening has revealed that
the entire 1q21-q23 region—which includes the FCRL5
gene—has been implicated in several AIDs; in subjects with
high neurodegeneration, some changes in the peripheral
blood mononuclear cells (PBMCs), including lower FCRL5
expression and higher peripheral blood B-cells activation
status—characterized by a down-regulation of B-cell-specific
genes—have been noted (13). Therefore, we aimed to investigate
whether two common SNVs of the FCRL5 gene may contribute
to the development of MS and its clinical manifestation in the
Polish population.

METHODS

Ethics
The study was approved by the Bioethical Committee of Medical
University of Bialystok, Poland (R-I-002/334/2018) and was
conducted in accordance with the Helsinki Declaration. All
participants signed informed consent forms before enrollment in
the study.

Participants
We genotyped 254 subjects: 94 withMS (47males and 47 females,
mean age 41.15 ± 9.74 years, Table 1) and 160 unrelated healthy
adults (85 males, 75 females; mean age 37.6± 2.16 years) for two
SNVs of the FCRL5 gene (rs2012199, rs6679793). Participants
from both groups were recruited from the same ethnic group
and geographical area, which has been previously described in
detail (14–17). In the control group, we enrolled individuals
without any family history of autoimmune diseases. The clinical
characteristics of the MS study population are presented in
Table 1.

TABLE 1 | The clinical characteristic of the MS subjects’ group.

Characteristic MS subjects,

n = 94

Women,

n = 47

Men,

n = 47

Age at onset (years) 41.15 ± 0.79 42.78 ± 0.98 37.14 ± 1.11

Disease duration (years) 8.12 ± 0.42 8.18 ± 0.51 7.96 ± 0.75

EDSS 1.91 ± 0.10

1.5 (IQR 1-3)*

1.99 ± 0.19

2 (IQR 1-3)*

1.83 ± 0.12

1 (IQR 1-3)*

Data are presented as mean ± SD.

*For EDSS, median values and IQRs are presented. MS, multiple sclerosis; EDSS,

Expanded Disability Status Scale; IQR, interquartile range.

Clinical Disease Manifestation
The ages of onset and disease duration were analyzed. The clinical
condition of MS subjects was evaluated—at the time of diagnosis,
before providing any treatment—using the Kurtzke Expanded
Disability Status Scale (EDSS).

Genetic Analysis
Genomic DNA was isolated using the Qiagen column
separation method (QIAamp DNA Blood Mini Kit, Qiagen,
Germany), according to the manufacturer’s instructions. The
purity and concentration of the obtained preparations were
evaluated by spectrophotometry using the Nano Drop 2000
device (ThermoFisher Scientific, USA). All DNA samples
were normalized to 50 ng/µl. The SNVs were tested in
duplicates using the QuantStudio 12K Flex platform on
OpenArray plates (ThermoFisher Scientific, USA), with
TaqMan molecular probes applied to the plates, and the
TaqMan Genotyping Master Mix Protocol (ThermoFisher
Scientific, USA). We analyzed two SNVs in the FCRL5 gene,
rs2012199, and rs6679793. We used a sample without a
template as a negative control to measure any false positive
signal caused by molecular contamination. The initial
analysis of real-time PCR data was performed using the
TaqMan Genotyper genotyping data analysis software (Thermo
Fisher Scientific).

Statistical Analysis
All calculations were performed using R version 4.0.2(18).
Because of the relatively small sample size, Fisher’s
exact test was used to compare genotypic frequencies
of rs2012199 SNVs between the two groups, and the
odds ratios (ORs) were calculated with a Haldane-
Anscombe correction. Otherwise, a chi-square test was
used for all 2 × 2 and 2 × 3 contingency tables. We
reported the p-values and OR (or corrected OR), together
with their 95% confidence intervals (CIs). The linkage
disequilibrium (LD) was checked using the chi-square test.
The statistical significance level for all two-sided tests was set
at p < 0.05.
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TABLE 2 | The genotypes and allele frequencies of the investigated SNVs of FCRL5 gene, in the studied groups.

SNV Genotypes/Allele MS (n = 94) Control (n = 160) P OR (95% CI)

n Frequency n Frequency

rs2012199 CC 11 (11.70%) 0 (0.00%)

CT 19 (20.21%) 30 (18.75%) 0.0002* 0.03 (0.00–0.28)**

TT 64 (68.09%) 130 (81.25%) ≤0.001* 0.02 (0.00–0.19)**

C 41 (0.22) 30 (0.09)

T 147 (0.78) 290 (0.91) 0.0002 0.37 (0.22–0.64)

rs6679793 AA 11 (11.70%) 5 (3.12%)

AG 32 (34.04%) 52 (32.50%) 0.0292 0.28 (0.07–0.98)

GG 51 (54.26%) 103 (64.38%) 0.0115 0.23 (0.06–0.76)

A 54 (0.29) 62 (0.19)

G 134 (0.71) 258 (0.81) 0.0207 0.6 (0.38–0.93)

*For the rs2012199 genotypes we reported the p-values of the Fisher’s exact test; otherwise, chi-squared tests were used. **Haldane–Anscombe corrected ORs. SNV, single nucleotide

variant; MS, multiple sclerosis; OR, odds ratio.

RESULTS

The frequencies of the investigated genotypes and alleles in the
studied groups are presented in Table 2.

LD analysis of rs2012199 and rs6679793 showed that
investigated SNPs were not in linkage disequilibrium (D’ =
0.315, r² = 0.061, χ² = 0.15, df = 1, p-value 0.698). The allele
frequencies of the homozygous major, minor, and heterozygous
SNVs agreed with the Hardy–Weinberg equilibrium.

Fisher’s exact test was used to determine whether there
was any evidence of heterogeneity between the study groups
in the three rs2012199 genotypes. The proportion of MS
cases was not equally distributed across genotypes, with p
< 0.0001. The ORs for MS in CT vs. CC as well as TT
vs. CC genotypes were further studied using the Haldane–
Anscombe correction. The CC genotype of rs2012199 has been
identified only in individuals with MS. The corrected OR of
MS in subjects with the CT genotype was equal to 0.03 (95%
CI 0.00–0.28, p = 0.0002) and 0.02 (95% CI 0.00–0.19, p <

0.0001) in subjects with the TT genotype. We also observed
similar associations for the allele distribution; allele C was
significantly more common in MS subjects (0.22 vs. 0.09).
The OR of MS was significantly lower in the T allele group
(OR = 0.37, 95% CI of OR 0.22–0.64, chi-square test for
association p= 0.0002).

Similar results were obtained for the genotypes and alleles of
rs6679793. The heterogeneity of the study groups was compared
in three rs6679793 genotypes using the chi-square test, and
there was evidence that the proportion of MS cases was not
equally distributed across genotypes with p = 0.0187. The
OR of MS in subjects with the AG genotype was equal to
0.28 (95% CI 0.07–0.98, p = 0.0292) and 0.23 (95% CI 0.06–
0.76, p = 0.0115) in subjects with the GG genotype. Allele
A was significantly more common in MS subjects (0.29 vs.
0.19). The OR of MS was significantly lower in the G allele
group (OR=0.6, 95% CI of OR 0.38–0.93, chi-square test for
association p= 0.0207).

We did not notice any differences in the age of onset,
duration of disease, or EDSS between the studied genotypes (data
not shown).

DISCUSSION

We investigated two exonic non-synonymous SNVs in the
coding region of the FCRL5 gene (located at chromosome
1). The first was rs6679793, situated at bp 157544307 A>G
(GRCh38.p12), that codes for an amino acid change of tyrosine
to histidine at position 267 (p.Tyr267His). The second was
rs2012199, at bp 157539235 C>T (GRCh38.p12), that codes for
an amino acid change from glycine to aspartate at position 418
(p.Gly418Asp). To the best of our knowledge, the functional
effects of these amino acid-substituting variations on protein
structure and function have not been investigated so far.
Nevertheless, considering the functional role of FCRL5 protein
(19), the genetic variations in FCRL5 gene may affect the
proliferation and switched isotype expression of B cells and may
play a role in the expansion and development of antigen-primed
cells. Our study showed that genotypes CC, CT, and allele C
of rs2012199—as well as genotypes AA, AG, and allele A of
rs6679793 of the FCRL5 gene—are more common in the subjects
with MS, whereas allele T of rs2012199 and allele G rs6679793
seemed to be protective genetic variants against the MS risk. We
did not observe any associations between the SNVs studied and
MS clinical manifestations investigated.

FCRL genes have been recently reported to play a significant
role in AIDs; they are involved in the development of rheumatoid
arthritis (RA), autoimmune thyroid disease (AITD), Graves’
disease, and Behçet’s disease (20–22). Studies indicating the role
of FCRL receptors and their genes in the AIDs mostly focus
on the FCRL3 family, which modulates the regulatory T-cell
activity (23) and plays an important role in MS pathogenesis
(24). It has been noted that the FCRL3 gene confers a risk
of allergic rhinitis (an autoimmune condition) in the Chinese
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population (25). FCRL3 is also involved in protection against MS
(26). High FCRL3 expression has been found in B-lymphocytes
and augmented autoantibody production in individuals with
the rheumatoid arthritis-susceptible genotype (27). We know
less about the genetic variants of the other subtypes of FCRL
receptors, such as FCRL5 and their associations with AIDs.
It has been noted that FCRL5 is differentially bound to all
IgG isotypes (28) and is preferentially expressed widely among
naive plasma B-cells, memory B-cells, and plasma cells but
also at low levels in pre-B cells. FCRL5 may be involved
in B-cell development and differentiation (19), and due to
inhibition of a BCR-mediated response, it may play an important
immunomodulatory role; it may also be a useful marker of B-cell
stages (20, 29, 30). As concluded by Rostamzadeh et al. (20), the
FCRLs appear to be logical candidates for the development of
antibody- and cell-based immunotherapy approaches for B-cell
malignancies and immune-mediated diseases, but also attractive
targets for immunodiagnostic approaches, disease monitoring,
and clinical prognosis. This has been strongly supported by a
recently published study by Owczarczyk et al. (31). However, the
rs2012199 and rs6679793 SNVs of the FCRL5 gene investigated
in our study have been associated only with an autoimmune
thyroid disease so far (21). This is despite the fact that they
represent a potential biomarker of clinical response for rituximab
in rheumatoid arthritis (31) and the observation that FCRL5 gene
expression is strongly upregulated on the bone marrow plasma
cells of multiple myeloma and Burkitt Lymphoma (20).

To the best of our knowledge, we report for the first
time that rs2012199 and rs6679793 SNVs of the FCRL5 gene
may be associated with MS susceptibility. We observed a
significantly increased prevalence of the investigated SNVs and
alleles of the FCRL5 gene in the MS subjects. Nevertheless, our
observations must be confirmed in the larger populations and
different ethnicities, since our study was conducted in a relatively
small study group; this is the major limitation of our study.
Another limitation is the fact that we have investigated only
two SNVs of the FCRL5 gene, and the impact of variations
in other closely located genes cannot be excluded. A strong
linkage disequilibrium (LD) across the neighboring genes has
been previously observed (32). Moreover, Simmonds et al. (33)
concluded that in the UK population, an association of other

autoimmune disease—such as Graves’ disease—with the FCRL5
SNPs was secondary to a linkage disequilibrium with the FCRL3
SNPs. Therefore, a refined association study in the entire region
is required to determine the associations between genetic variants
and haplotypes in the context of an MS risk. Nevertheless, our
results suggest that polymorphisms in the FCRL5 gene may
be a risk factor for autoimmunity, and that FCRL5-dependent
mechanisms may be involved in MS development. Further
functional studies are needed to establish the functional nature
of the investigated genetic variants, which may predispose to
MS development.
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Chorazy M, Tarasiuk J, et al. Herpesviridae seropositivity in patients
with multiple sclerosis: first polish study. Eur Neurol. (2018) 80:229–35.
doi: 10.1159/000496402

17. Chorazy M, Wawrusiewicz-Kurylonek N, Adamska-Patruno E, Zajkowska O,
Kapica-Topczewska K, Posmyk R, et al. Some common SNPs of the T-cell
homeostasis-related genes are associated with multiple sclerosis, but not with
the clinical manifestations of the disease, in the polish population. J Immunol

Res. (2020) 2020:8838014. doi: 10.1155/2020/8838014
18. Team RC. R: A language and environment for statistical computing. R

Foundation for Statistical Computing. Vienna, Austria (2020).
19. Dement-Brown J, Newton CS, Ise T, Damdinsuren B, Nagata S, Tolnay M.

Fc receptor-like 5 promotes B cell proliferation and drives the development
of cells displaying switched isotypes. J Leukoc Biol. (2012) 91:59–67.
doi: 10.1189/jlb.0211096

20. Rostamzadeh D, Kazemi T, Amirghofran Z, Shabani M. Update on
Fc receptor-like (FCRL) family: new immunoregulatory players in
health and diseases. Expert Opin Ther Targets. (2018) 22:487–502.
doi: 10.1080/14728222.2018.1472768

21. Burton PR, Clayton DG, Cardon LR, Craddock N, Deloukas P, Duncanson
A, et al. Association scan of 14,500 nonsynonymous SNPs in four
diseases identifies autoimmunity variants. Nat Genet. (2007) 39:1329–37.
doi: 10.1038/ng.2007.17

22. Li K, Zhao M, Hou S, Du L, Kijlstra A, Yang P. Association between
polymorphisms of FCRL3, a non-HLA gene, and Behçet’s disease in a Chinese
population with ophthalmic manifestations.Mol Vis. (2008) 14:2136–42.

23. Agarwal S, Kraus Z, Dement-Brown J, Alabi O, Starost K, Tolnay M. Human
Fc receptor-like 3 inhibits regulatory T cell function and binds secretory IgA.
Cell Rep. (2020) 30:1292–9.e3. doi: 10.1016/j.celrep.2019.12.099

24. Martínez A, Mas A, de Las Heras V, Bartolomé M, Arroyo
R, Fernández-Arquero M, et al. FcRL3 and multiple sclerosis
pathogenesis: role in autoimmunity? J Neuroimmunol. (2007) 189:132–6.
doi: 10.1016/j.jneuroim.2007.06.018

25. Gu Z, Hong SL, Ke X, Shen Y, Wang XQ, Hu D, et al. FCRL3
gene polymorphisms confer autoimmunity risk for allergic rhinitis
in a Chinese Han population. PLoS ONE. (2015) 10:e0116419.
doi: 10.1371/journal.pone.0116419

26. Matesanz F, Fernández O, Milne RL, Fedetz M, Leyva L, Guerrero M, et al.
The high producer variant of the Fc-receptor like-3 (FCRL3) gene is involved
in protection against multiple sclerosis. J Neuroimmunol. (2008) 195:146–50.
doi: 10.1016/j.jneuroim.2008.01.004

27. Kochi Y, Yamada R, Suzuki A, Harley JB, Shirasawa S, Sawada T, et al.
A functional variant in FCRL3, encoding Fc receptor-like 3, is associated
with rheumatoid arthritis and several autoimmunities. Nat Genet. (2005)
37:478–85. doi: 10.1038/ng1540

28. Capone M, Bryant JM, Sutkowski N, Haque A. Fc receptor-like proteins
in pathophysiology of B-cell disorder. J Clin Cell Immunol. (2016) 7:427.
doi: 10.4172/2155-9899.1000427

29. Haga CL, Ehrhardt GR, Boohaker RJ, Davis RS, Cooper MD. Fc receptor-
like 5 inhibits B cell activation via SHP-1 tyrosine phosphatase recruitment.
Proc Natl Acad Sci USA. (2007) 104:9770–5. doi: 10.1073/pnas.07033
54104

30. Portugal S, Tipton CM, Sohn H, Kone Y, Wang J, Li S, et al. Malaria-
associated atypical memory B cells exhibit markedly reduced B cell receptor
signaling and effector function. Elife. (2015) 4:e07218. doi: 10.7554/eLife.
07218

31. Owczarczyk K, Cascino MD, Holweg C, Tew GW, Ortmann W, Behrens T,
et al. Fc receptor-like 5 and anti-CD20 treatment response in granulomatosis
with polyangiitis and microscopic polyangiitis. JCI Insight. (2020) 5:e136180.
doi: 10.1172/jci.insight.136180

32. Zhao SX, Liu W, Zhan M, Song ZY, Yang SY, Xue LQ, et al. A refined study of
FCRL genes from a genome-wide association study for Graves’ disease. PLoS
ONE. (2013) 8:e57758. doi: 10.1371/journal.pone.0057758

33. Simmonds MJ, Brand OJ, Barrett JC, Newby PR, Franklyn JA, Gough
SC. Association of Fc receptor-like 5 (FCRL5) with Graves’ disease is
secondary to the effect of FCRL3. Clin Endocrinol. (2010) 73:654–60.
doi: 10.1111/j.1365-2265.2010.03843.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Chorazy, Wawrusiewicz-Kurylonek, Adamska-Patruno,

Czarnowska, Zajkowska, Kapica-Topczewska, Posmyk, Kretowski, Kochanowicz

and Kułakowska. This is an open-access article distributed under the terms of

the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 5 April 2021 | Volume 12 | Article 631134

https://doi.org/10.1056/NEJMoa1606468
https://doi.org/10.1038/nri2206
https://doi.org/10.1073/pnas.171308498
https://doi.org/10.1093/hmg/ddv473
https://doi.org/10.1016/j.advms.2018.12.004
https://doi.org/10.5603/PJNNS.a2019.0019
https://doi.org/10.1159/000496402
https://doi.org/10.1155/2020/8838014
https://doi.org/10.1189/jlb.0211096
https://doi.org/10.1080/14728222.2018.1472768
https://doi.org/10.1038/ng.2007.17
https://doi.org/10.1016/j.celrep.2019.12.099
https://doi.org/10.1016/j.jneuroim.2007.06.018
https://doi.org/10.1371/journal.pone.0116419
https://doi.org/10.1016/j.jneuroim.2008.01.004
https://doi.org/10.1038/ng1540
https://doi.org/10.4172/2155-9899.1000427
https://doi.org/10.1073/pnas.0703354104
https://doi.org/10.7554/eLife.07218
https://doi.org/10.1172/jci.insight.136180
https://doi.org/10.1371/journal.pone.0057758
https://doi.org/10.1111/j.1365-2265.2010.03843.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Variants of Novel Immunomodulatory Fc Receptor Like 5 Gene Are Associated With Multiple Sclerosis Susceptibility in the Polish Population
	Introduction
	Methods
	Ethics
	Participants
	Clinical Disease Manifestation
	Genetic Analysis
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


