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The roles of chemokine receptor V (CCRS5) and its polymorphism, rs333 in multiple sclerosis
(MS) are controversial. We investigated the receptor and its deletion in a large MS (428) and
a numerous control (831) population in Csongrad County (Hungary) and North-Bacska
(Serbia). Tagman probes firstly were used for the allele discrimination. There was no
significant difference in genotype (OR=1.092, 95% CI=0.807-1.478, p=0.568 for wt/wt
(wt=wild type allele) vs wt/A32, A32/A32 (A32=A32 base pair deletion allele)) or allele
frequency (OR=0.914, 95% CI=0.692-1.207, p=0,525). Neither the deletion nor the wt allele
affected the Expanded Disability Status Scale score or the age at onset. Our results indicate no

association between the CCR5 A32 allele and MS.
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Abbreviations:

CCRS: chemokine receptor V

MS: multiple sclerosis
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Multiple sclerosis (MS) is an autoimmune neurodegenerative disease of the central nervous
system (CNS), which appears mostly in the young adult population. The disease affects 2.5
million people worldwide. The lifetime risk is 1 in 400 [1], which makes MS potentially the
most common cause of neurological disability in young adults. The aetiology of the disease is
only partially known; a genetic predisposition plays a clear role, acting together with

unidentified environmental factors and autoimmune inflammatory mechanisms.

Despite the evidence of a genetic background [2-4], only the major histocompatibility
complex (MHC) has been identified as a definite susceptibility factor both in case-control and
in family-based studies [5-7]. However, the MHC locus is associated not only with MS, but
also with other autoimmune diseases. Identification of the risk and protective factors has

therefore been at the focus of MS research.

It is well known that the CNS inflammation in MS is characterized by myelin loss, axonal
damage and gliosis, and results in progressive neurological dysfunctions. The chemokines
(chemoattractant cytokines) and chemokine receptors play key roles in inflammatory
processes, because they control the migration of the immune cells and can direct the
migration of T-cells across the blood-brain barrier, which is probably the first step towards

the development of MS.

The chemokine receptor V (CCRS5), a member of the chemokine receptor family and a

receptor for MIP-1a/CCL3, MIP-1B/CCL4 and RANTES/CCLYS, is at the focus of genetic

investigations in MS. The results of a number of studies have indicated that the receptor is
upregulated within inflamed brain regions in samples from human MS patients [8-10] and in

animal models of experimental autoimmune encephalomyelitis [11, 12]. The CCRS gene (also

known as CKRS5, CCR-5, CD195, CKR-5, CCCKRS5, CMKBRS, IDDM22 and CC-CKR-5),



located in the 3p21.31 chromosome region [13], consists of 4 exons and 2 introns. It encodes
a 352 amino acid protein with a calculated molecular mass of a 40.6 Da. Two different
promoters have been found upstream and downstream of exon 1 [14]. Two transcript variants

encoding the same protein have been identified. The structure of the protein consists of 7

transmembrane hydrophobic a-helices, an intracellular carboxyl terminus and an extracellular
amino terminus with a potential N-linked glycosylation site [15] and because of this
conformation it belongs in the G-protein coupled receptor family. The CCRS is mainly
expressed in memory and effector T-lymphocytes, monocytes, macrophages, immature
dendritic cells and NK cells, in which it controls cell activation and chemotaxis [16, 17]. In
the CNS, the receptor is found on neurones, astrocytes and microglia [15, 18]. The possible

interactions and functions of the protein in the CNS were recently reviewed [19].

A single nucleotide polymorphism (SNP) can influence the protein function. The most widely
investigated polymorphism of the CCRS gene is a 32 base pair (bp) deletion, which causes a
frame shift mutation in exon 1, thereby affording protection against HIV infection in
homozygotic form and resulting in a slower progression and decreased viral load in
heterozygotic form [20-22]. This deletion results in a truncated protein (215 vs 352 amino
acids), which excludes membrane insertion of the malfunctioining protein [13, 19, 23]. The
HIV virus therefore cannot penetrate into the host cells, with the consequence that this

deletion provides protection for homozygous individuals.

Investigations of the A32 bp deletion in MS samples and controls have revealed conflicting
results. In some studies, the allele was concluded to be a risk factor for MS [24-27], whereas
in others it seemed to be a protective factor [28-31], and there are results indicating that this
mutation is neither a risk nor a protective factor in the case of MS [32-36] (reviewed in Table

4). There have been numerous investigations of the roles of the CCRS gene and the A32



mutation in MS, but only a few which involved large MS and control samples, so our aim was

to check their role in a larger MS and almost the biggest control population.

In view of the increasing incidence of MS in Europe and the lack of data regarding the genetic
background of the A32 allele in the populations of Csongrad County (Hungary) and North-
Bacska (Serbia), this study was conducted to determine the influence of the A32 deletion in
the CCRS gene in MS patients and healthy controls in these regions.



2.1. MS Patients and Controls

All study participants gave their written informed consent. 428 unrelated clinically definitive
MS patients with the relapsing/remitting (RR) or secondary progressive (SP) form of the
disease and 831 healthy controls from Csongrad County, Hungary, and the North-Bécska
region in Serbia were enrolled to investigate the possible effects of the CCRS A32 deletion.
The patients and volunteer controls were enrolled at the Department of Neurology, Faculty of
Medicine, University of Szeged, Hungary, the Institute of Preventive Medicine, Faculty of
Public Health, University of Debrecen, Hungary, and the Department of Neurology, Subotica
Hospital, Subotica, Serbia. Demographic data were collected by means of a questionnaire. All
the MS patients in this study met the McDonald criteria and had clinically definitive MS with
the RR or SP form [37]. The patient and control groups did not differ from each other in sex
ratio (p=0.942) or mean age (p=0.414). The MS patient group comprised 106 males and 322
females; their average age was 43.74+11.97 years, their average age at the onset of the disease
was 32.17+9.80 years and the average Expanded Disability Status Scale (EDSS) score was
2.54+1.92. The MS group consisted of 377 RR patients (91 males and 286 females, average
age 42.56+11.70 years) and 51 SP patients (15 males and 36 females, average age
52.49410.35 years). Of the 831 controls, 204 were males and 626 were females, with an
average age of 44.34+13.20 years. The general sociodemographic data are to be seen in
Tables 1 and 2. The study protocol was approved by the Medical Research Committee on
Science and Research Ethics (No, 35764/2012/EKU (566/P112)) and was in accordance with

the Helsinki Declaration.

In the cases of 3 control samples from Debrecen, there was insufficient DNA sample for the
allele discrimination protocol, and for 1 sample the gender information was missing.



2.2.1. DNA isolation

Peripheral blood was used to isolate genomic DNA by a standard desalting method [38]. The
purified DNA was stored at -20 °C until further use, while the remaining of the whole blood
was stored at -80 °C at the biobank of the Department of Neurology, Faculty of Medicine,
University of Szeged (biobank licence: 135/2008). Some of the control samples (DNA)
originated from the biobank in Debrecen, where samples are collected from throughout
Hungary. Patients and control samples from Subotica, Serbia, were included within the
Hungarian-Serbian cooperation programme (HUSRB/1002/214/082/01), which is supported

by the EU.

2.2.2. Polymerase chain reaction (PCR) with Tagman probes

For the first time fluorescently labelled Tagman probes were used for the allele
discrimination; not only is this technique faster than the standard PCR and gel electrophoresis
methods, but less hazardous waste is generated and it is safer, because it does not require
ethidium bromide or other intercalating dye. As compared with DNA chip experiments, it is

much cheaper, but only one SNP can be investigated, in contrast with DNA chips.

For the amplification of the DNA region near the rs333 SNP, the following primers were
used: forward primer: 5’-AAG AAG GTC TTC ATT ACA CC-3’, reverse primer: 5’-AGC
AGA GTT TTT AGG ATT CC-3’. For the allele discrimination, the following probes were
applied: the wild-type allele: 5’-Fam-CAT ACA GTC AGT ATC AAT TCT GGA A-BHQ-1-

3°, and the deletion allele: 5’-Hex-CTC TCA TTT TCC ATA CAT TAA AGA TAG-BHQ-1-
3.



The PCR amplification was carried out with the following parameters: 95 °C for 3 min,
followed by 49 cycles of 95 °C for 10 s, and then 59 °C for 50 s. A genotyping specific
master mix was used (PCR Biosystem 2x PCR Bio Gentyping mix Lo-ROX). The PCR
experiments were performed with a BioRad CFX96 C1000 real-time thermal cycler machine,
and the genotype analysis was carried out with BioRad software (BioRad CFX Manager
version 1.6). The results were checked by agarose gel electrophoresis, with exactly the same
outcome (bands at 154 bp for the wild types, at 154 and 122 bp for the heterozygotes, and at

122 bp for the homozygotes).

2.2.3. Statistical methods

For evaluation of the data, SPSS software version 20.0 was used. The Chi-square test was
utilized for the comparison of the distribution of genotypes and alleles, the t-test for the
comparison of the averages of two groups, variance analysis in the event of more than two
groups, and two-way variance analysis when there were more than two grouping criteria.

The observed genotype frequencies were in accordance with the Hardy-Weinberg equilibrium

(HWE) in both the MS and the control groups.



Of the 428 MS patients, 352 were wild type, 71 were heterozygous and 5 were homozgr_/gous
for the A32 deletion. The A32 allele frequency was 9.46%. Among the control samples, 670
were wild type, 146 were heterozygous and 12 were homozygous for the deletion, and the minor
allele frequency for this group was 10.26%. The distributions of the genotype and allele
frequencies of the CCR5 15333 polymorphism in the MS patients and the controls are given in
Table 3. There was no significant difference between the MS patients and the healthy controls in
either the genotype (OR=1.092, 95% CI=0.807-1.478 sz'S 8 for wt/wt vs wt/A32, A32/A32)
or the allele frequencies (OR=0.914, 95% CI=0.69 -1.207, dp=0.525 . No significant
association was found between the rs333 polymorphism and the EDSS score (F=0.282;
p=0.755) or the a§e at onset (F=0.416; p=0.660). Neither the deletion nor the wild- type allele
affected the EDSS score (wt allele: F=0.032, p=0.858; A32 allele: F=0.564; p=0.453) or the age
at onset of the disease (wt allele: F=0.010, p=0.921; A32 allele: F=0.821, p=0.365). Not only the

enetic predisposition, but also the environmental factors can have a crucial impact on the

evelopment of MS. To investigate these effects jointly, the combined influence of the wild type
or the deletion allele with alcohol consumption, smoking and body mass index (BMI) was
examined in the MS patients, but none of these combinations proved to be significant in
relation to the EDSS score or the age at onset. Our results indicate a lack of an association
between the CCRS5 A32 allele and the risk of MS in the Csongrad County (Hungary) and North-
Bacska (Serbia) population.



This study investigated the role of the CCRS5 A32 deletion in a large number of MS patients
and the second biggest control population in Csongrad County (Hungary) and North-Bacska
(Serbia). This population has not been involved in CCRS trials previously. The results
indicate the lack of an association between the CCR5 A32 allele and the risk of MS. These
findings are consistent with data from several other studies [32-36, 39-41]. In contrast, a
number of previous investigations have concluded that this mutation is a protective factor [28,
30, 31, 42-47] (Table 4). These studies include only one case in which the deletion allele was
more common in the control population, as a strong indication of the protection [43]. In the
vast majority of the articles, the protection was reflected by the higher age at the onset of the
disease [28, 42, 45, 46], by the lower severity [29, 47] or by the better MRI results [30, 31,
44]. The lack or weakness of protection associated with the CCRS A32 deletion allele
suggests that the CCRS5 receptor does not play an important role in the context of migration of
the immune cells into the CNS in MS. However, it is important that the CCR5 A32 allele has
been suggested to be a risk factor in MS [24-27]. The contradictory results may be due to the
inadequate selection of the control or patient groups [26] or both [27]. In those studies, the
genotype distribution did not correspond with the HWE. In an investigation of 89 MS patients
and 119 controls [26], 71 of the MS patients were wild-type homozygotes, 12 were
heterozygotes and 6 were homozygotes for the deletion, while 88 of the controls were wild-

type homozygotes, 30 were heterozygotes and 1 was homozygous for the deletion. The result

2
of the HWE test for the patient group was y =15.85, p=0.000068; as the p value was <0.05,

the group was not consistent with the HWE, the selected group did not adequately represent
the p%pu ation. In the control grou]?, there was one category (homo%y%ous de etlonglwnh less
than 5 members, which means that the value is not accurate (x'=0.822, p=0.364). In the
Iranian population 254 MS patients and 380 controls were analysed [éﬁ. The genotype



distribution in the MS group was 201 wild-type homozygotes, 16 heterozygotes and 37
homozygous for the deletion. In the control group, the corresponding numbers were 323, 49
and 8, respectively. The result of the HWE test for the MS group was yx°=156.100,
p<0.000001 and that for the control group was x*=11.724, p<0.001, so neither the MS nor the
control group corresponded with the HWE. In another study, no significant difference in
allele frequency or genotype prevalence was observed between the patient and control groups
and the allele did not influence the age at onset of the disease [24]. Further investigations
revealed that MS patients who carried the deletion died 8.44 years earlier on average. These
observations were more significant in females, and the authors concluded that the deletion
might serve as a prognostic marker for MS. However, the control group was not studied, and
the possibility remains that the allele has a similar effect in healthy controls too. Different
results emerged from two studies by one group of authors [42, 48]. In the earlier paper, they
concluded that the allele is a protective factor because (CCR5A32, DR4) positive phenotype
was negatively associated with an early MS onset [42], whereas they later identified a two-
allelic combination which is MS associated [48]. The explanation of these different results on
the overlapping populations may lie in the difference in the statistical methods used or in the
studied MS subtypes. There has been only one article in which the allele was associated with
the PP MS subtype, but the number of PP MS patients was only 30, and this outcome should
therefore be checked on larger groups. The PP MS subtype is a different entity from the
RR/SP MS subtypes, and it is perhaps best to disregard the PP MS results in a consideration

of the RR/SP MS subtypes.

Overall, it appears likely that this receptor does not influence the migration of the immune
cells into the CNS in MS in general or other receptors can take over this function. It has only a
small effect; if the receptor is not functioning (homozygous A32 bp deletion), the results
indicate only a slight protection or ineffectiveness.



Identification of the main receptor that controls the entry of the immune cells into the CNS in
MS is an important question for the pathomechanism and for the pharmaceutical industry.
Revealing the main mechanism and the details of the direction of the migration of the immune

cells into the CNS are undoubtedly important in the future MS research.

To summarize the results, it seems very likely that the CCRS5 receptor has only a weak role in
MS. This study has not identified any association of the A32 deletion of the CCRS gene and
MS. Our results with a large number of MS patients and the second biggest control population
confirm a recently published study which examined the largest MS and control population
(Song and Lee 2013).



We gratefully thank the patients and controls for participating in this study. We appreciate the
work of our Serbian collaborators (Nada Rasuo-Bosnic, Sari Zsuzsanna Tot and Goran
Bicanin), who helped to collect material for this study. Our thanks are also due to Gyula
Lencses, who carried out the statistical analysis. For the language proof-reading, we are

greatful to Zs6fia Majlath MD.

The study was supported by the MultScler Project (HUSRB/1002/214/082/01).



Conceived and designed the experiments: NT. Performed the experiments: NT, AFSZ, KM,
MK, and VZS. Collected the samples: JF, OS, NT, SZF, RA, FS and KB. Analyzed the data:
NT, KM. Wrote the paper: NT. Study supervision or coordination: KB, LV.



References

(1]
(2]

(3]

(4]
(5]
(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]
(16]

(17]

(18]

(19]
[20]

Compston A, Coles A: Multiple sclerosis. Lancet 2002;359:1221.

Willer CJ, Dyment DA, Risch NJ, Sadovnick AD, Ebers GC: Twin concordance and sibling
recurrence rates in multiple sclerosis. Proc Natl Acad Sci U S A 2003;100:12877.

Hansen T, Skytthe A, Stenager E, Petersen HC, Bronnum-Hansen H, Kyvik KO: Concordance
for multiple sclerosis in Danish twins: an update of a nationwide study. Mult Scler
2005;11:504.

Ebers GC, Sadovnick AD, Risch NJ: A genetic basis for familial aggregation in multiple
sclerosis. Canadian Collaborative Study Group. Nature 1995;377:150.
%*@Haws%ggllos LF: Multiple sclerosis genetics: leaving no stone unturned. Genes
Sawcer S, Jones HB, Feakes R, Gray J, Smaldon N, Chataway Jet al. : A genome screen in
multiple sclerosis reveals susceptibility loci on chromosome 6p21 and 17g22. Nat Genet
1996;13:464.

Haines JL, Ter-Minassian M, Bazyk A, Gusella JF, Kim DJ, Terwedow Het al. : A complete
genomic screen for multiple sclerosis underscores a role for the major histocompatability
complex. The Multiple Sclerosis Genetics Group. Nat Genet 1996;13:469.

Baranzini SE, Elfstrom C, Chang SY, Butunoi C, Murray R, Higuchi Ret al. : Transcriptional
analysis of multiple sclerosis brain lesions reveals a complex pattern of cytokine expression. J

gpmn?olégglj,zﬂgcz)éllgﬁﬁ\?e7vgtombe J, Cuzner ML, Male D, Woodroofe MN: Expression of the

beta-chemokine receptors CCR2, CCR3 and CCR5 in multiple sclerosis central nervous system
Egﬁlée\(d, %%ghq]anl‘%?la% 89313913-[%%], Tejada-Simon MV, Rivera VMet al. : Aberrant T cell
migration toward RANTES and MIP-1 alpha in patients with multiple sclerosis.
Overexpression of chemokine receptor CCR5. Brain 2000;123 ( Pt 9):1874.

Rajan AJ, Asensio VC, Campbell IL, Brosnan CF: Experimental autoimmune encephalomyelitis
on the SJL mouse: effect of gamma delta T cell depletion on chemokine and chemokine
receptor expression in the central nervous system. J Immunol 2000;164:2120.

Eltayeb S, Sunnemark D, Berg AL, Nordvall G, Malmberg A, Lassmann Het al. : Effector stage
CC chemokine receptor-1 selective antagonism reduces multiple sclerosis-like rat disease. J
Neuroimmunol 2003;142:75.

Liu R, Paxton WA, Choe S, Ceradini D, Martin SR, Horuk Ret al. : Homozygous defect in HIV-1
coreceptor accounts for resistance of some multiply-exposed individuals to HIV-1 infection.

Eﬁ&ln%%%gi%éﬁzja SS, McDaniel BL, Ahuja SK: The human CC chemokine receptor 5 (CCR5)

gene. Multiple transcripts with 5'-end heterogeneity, dual promoter usage, and evidence for
polymorphisms within the regulatory regions and noncoding exons. J Biol Chem
1997;272:30662.

Mueller A, Strange PG: The chemokine receptor, CCR5. Int J Biochem Cell Biol 2004;36:35.
Oppermann M: Chemokine receptor CCR5: insights into structure, function, and regulation.
Cell Signal 2004;16:1201.

Balistreri CR, Caruso C, Grimaldi MP, Listi F, Vasto S, Orlando Vet al. : CCR5 receptor: biologic
and genetic implications in age-related diseases. Ann N'Y Acad Sci 2007;1100:162.

Bajetto A, Bonavia R, Barbero S, Schettini G: Characterization of chemokines and their
receptors in the central nervous system: physiopathological implications. J Neurochem
2002;82:1311.

Sorce S, Myburgh R, Krause KH: The chemokine receptor CCR5 in the central nervous system.

B'éorgg%ltriatﬂf)kﬁ%le%é?w%oe S, Unutmaz D, Burkhart Met al. : Identification of a major co-

receptor for primary isolates of HIV-1. Nature 1996;381:661.



(21]

(22]

(23]

(24]

[25]
(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]
(38]

(39]

Dragic T, Litwin V, Allaway GP, Martin SR, Huang Y, Nagashima KAet al. : HIV-1 entry into
CDA4+ cells is mediated by the chemokine receptor CC-CKR-5. Nature 1996;381:667.
Alkhatib G, Combadiere C, Broder CC, Feng Y, Kennedy PE, Murphy PMet al. : CC CKR5: a
RANTES, MIP-1alpha, MIP-1beta receptor as a fusion cofactor for macrophage-tropic HIV-1.
Science 1996;272:1955.

Samson M, Libert F, Doranz BJ, Rucker J, Liesnard C, Farber CMet al. : Resistance to HIV-1
infection in caucasian individuals bearing mutant alleles of the CCR-5 chemokine receptor
gene. Nature 1996;382:722.

Gade-Andavolu R, Comings DE, MacMurray J, Rostamkhani M, Cheng LS, Tourtellotte WWet
al. : Association of CCR5 delta32 deletion with early death in multiple sclerosis. Genet Med
2004;6:126.

Luomala M, Lehtimaki T, Huhtala H, Ukkonen M, Koivula T, Hurme Met al. : Promoter
polymorphism of IL-10 and severity of multiple sclerosis. Acta Neurol Scand 2003;108:396.

LS BERASIHRIME e KBS S BT 2K roaer Al RIS QRS Bba, g 885

Shahbazi M, Ebadi H, Fathi D, Roshandel D, Mahamadhoseeni M, Rashidbaghan Aet al. :
CCR5-delta 32 allele is associated with the risk of developing multiple sclerosis in the Iranian
population. Cell Mol Neurobiol 2009;29:1205.

Barcellos LF, Schito AM, Rimmler JB, Vittinghoff E, Shih A, Lincoln Ret al. : CC-chemokine
receptor 5 polymorphism and age of onset in familial multiple sclerosis. Multiple Sclerosis
Genetics Group. Immunogenetics 2000;51:281.

D'Angelo R, Crisafulli C, Rinaldi C, Ruggeri A, Amato A, Sidoti A: CCR5Delta32 Polymorphism
Associated with a Slower Rate Disease Progression in a Cohort of RR-MS Sicilian Patients.
Mult Scler Int 2011;2011:153282.

van Veen T, Nielsen J, Berkhof J, Barkhof F, Kamphorst W, Bo Let al. : CCL5 and CCR5
genotypes modify clinical, radiological and pathological features of multiple sclerosis. J
Neuroimmunol 2007;190:157.

Kaimen-Maciel DR, Reiche EM, Brum Souza DG, Frota Comini ER, Bobroff F, Morimoto HKet
al. : CCR5-Delta32 genetic polymorphism associated with benign clinical course and magnetic
resonance imaging findings in Brazilian patients with multiple sclerosis. Int J] Mol Med
2007;20:337.

Arababadi MK, Hassanshahi G, Azin H, Salehabad VA, Araste M, Pourali Ret al. : No
Association Between CCR5-Delta 32 Mutation and Multiple Sclerosis in Patients of
Southeastern Iran. Labmedicine 2010;41:31.

Motsinger AA, Brassat D, Caillier SJ, Erlich HA, Walker K, Steiner LLet al. : Complex gene-gene
interactions in multiple sclerosis: a multifactorial approach reveals associations with
inflammatory genes. Neurogenetics 2007;8:11.

Ristic S, Lovrecic L, Starcevic-Cizmarevic N, Brajenovic-Milic B, Jazbec SS, Barac-Latas Vet al. :
No association of CCR5delta32 gene mutation with multiple sclerosis in Croatian and
Slovenian patients. Mult Scler 2006;12:360.

Brassat D, Motsinger AA, Caillier SJ, Erlich HA, Walker K, Steiner LLet al. : Multifactor
dimensionality reduction reveals gene-gene interactions associated with multiple sclerosis

§lcj)?1cge Etél,o'll.gg Mf/&'ﬁﬂgté!}} Ao y%%sbgﬁwneeﬁ‘el at%%nb%a?\%%gﬁac 0e’mokine receptor 5 delta32

polymorphism and multiple sclerosis susceptibility. Immunol Invest 2013;Epub ahead of print
2013/12/04.
Polman CH, Reingold SC, Banwell B, Clanet M, Cohen JA, Filippi Met al. : Diagnostic criteria
for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol 2011;69:292.
Miller SA, Dykes DD, Polesky HF: A simple salting out procedure for extracting DNA from
human nucleated cells. Nucleic Acids Res 1988;16:1215.

Bennetts BH, Teutsch SM, Buhler MM, Heard RN, Stewart GJ: The CCR5 deletion mutation fails

to protect against multiple sclerosis. Hum Immunol 1997;58:52.



(40]

(41]

(42]

(43]

(44]

(45]

[46]

[47]

(48]
(49]

Haase CG, Schmidt S, Faustmann PM: Frequencies of the G-protein beta3 subunit C825T
polymorphism and the delta 32 mutation of the chemokine receptor-5 in patients with
multiple sclerosis. Neurosci Lett 2002;330:293.

Kantarci OH, Morales Y, Ziemer PA, Hebrink DD, Mahad DJ, Atkinson EJet al. : CCR5Delta32
polymorphism effects on CCR5 expression, patterns of immunopathology and disease course
in multiple sclerosis. J Neuroimmunol 2005;169:137.

Favorova OO, Andreewski TV, Boiko AN, Sudomoina MA, Alekseenkov AD, Kulakova OGet al. :
The chemokine receptor CCR5 deletion mutation is associated with MS in HLA-DR4-positive
Russians. Neurology 2002;59:1652.

Otaegui D, Ruiz-Martinez J, Olaskoaga J, Emparanza JI, Lopez de Munain A: Influence of CCR5-
Delta32 genotype in Spanish population with multiple sclerosis. Neurogenetics 2007;8:201.
Schreiber K, Otura AB, Ryder LP, Madsen HO, Jorgensen OS, Svejgaard Aet al. : Disease
severity in Danish multiple sclerosis patients evaluated by MRI and three genetic markers

SHRERRB Y, MIdeSTRR RSN CUHTRHE FPE LR BITRd-dNLIsY RIADR2 8295

metalloproteinase-9 and disease activity in multiple sclerosis. J Neuroimmunol 2000;102:98.
Silversides JA, Heggarty SV, McDonnell GV, Hawkins SA, Graham CA: Influence of CCR5
delta32 polymorphism on multiple sclerosis susceptibility and disease course. Mult Scler
2004;10:149.

Kantor R, Bakhanashvili M, Achiron A: A mutated CCR5 gene may have favorable prognostic
implications in MS. Neurology 2003;61:238.

Favorova OO, Favorov AV, Boiko AN, Andreewski TV, Sudomoina MA, Alekseenkov ADet al. :

Ihiiee Rlge RAMPINZER B HAREIRd QU eI s RIS IS Med SNt ORGY 03

Chemokine receptor CCR5 in interferon-treated multiple sclerosis. Acta Neurol Scand

2007;115:413.



Table 1

Temales " "Mean age (SD)  EDSS score  Age at onset (SD)

Group (n)
(%) (%) (years) (SD) (years)
MS patients 106 322 43.74+11.97 2.54+1.92 32.1749.80
(428) (24.8) (75.2)
Controls 204 626
44.34+13.20 - -
(831) (24.6) (75.4)

Abbreviations: EDSS = Expanded Disability Status Scale, SD = standard deviation



TNi&an ge 15) ""EDSS score (SD)  Age at onset

Group (n)
(%) (%) (years) (years) (SD) (years)
RR (377) 91 (24.1) 286(75.09) 42.56+11.70 2.09+1.52 32.07+9.58
SP(51) 15(29.4) 36(70.6) 52.49+10.35 5.87+1.20 32.92+11.32

Abbreviations: EDSS = Expanded Disability Status Scale, SD = standard deviation, RR =

relapsing/remitting multiple sclerosis, SP = secondary progressive multiple sclerosis



A32

Group (n)
(%) (%) (%) (%) (%)
MS patients 352 (82.2) 71 (16.6) 5(1.2) 775 (90.53) 81 (9.46)
(428)
Controls 1486
670 (81.4) 146 (17.6) 12 (1.4) 170 (10.26)
(828) (89.73)

Abbreviations: +/4+ = wild type, +/A32 = heterozygote, A32/A32 = homozygote, + = wild-type

allele, A32 = deletion allele



Table 4

Summary of the most import
[

ant results about CCR5 and MS

. MS patients  Controls ! !
IPopulatlon i) i) Results IReference I
! . sporadic 299 Age at onset approximately 3 years higher in patients !
I USA (II), Americans (~71%) carrying the [28]

! . index cases Age at onset approximately 3 years higher in patients

I USA (I), Americans 120 (~75%) i e [28]
Australian 120 No significant difference in  [39]
I I

. N o Presence
I Italian (Sicilian) I 180 (73%) of the [29]
! . ! (CCR5A3
0
I Russian I 219 (57%) 2, DR4) [42]
. . |
;{;\?(S)lrirz/;\éfr;? P 2S ng;th 286 (61.5%) ?4632 9%) Two-allelic combination I[48]
USA, Americans 132 (64%) Associated with early death  [24]
I I
. CCR5
o

I Finnish I 116 (57.7%) deletion [25]
USA, overlaps with | |
Barcellos et al, 2000, 421 96 No significant difference in [33]
Americans | |
lS - 1 (other origd ! ™ Deletion 13
I panish (other origins) I ioce [43]
| | Deletion

Spanish (Basque) 62

[43]




Population

Finnish, overlaps with

Luomala et al, 2003

roatian and Slovenian
anish, overlaps wit

Sellebjerg et al, 2007
Danish

Danish

Irish

Dutch, The Netherlands

USA, African Americans

Iranian

Brazilian

Israelian

German

German

MS patients
(% women)

&9 119

335 (11%) 356

148 (13%) 151

109 (75%) 105 (70%)
439 230
637 (66%) 177 (54%)
442 293
254 (83.46%) 380

127
124 (68.5%)

(44.1%)
256 0
253 0

221 (71.04%) 0

Controls
(% women)

Results
Increased frequency of A32/A32 among all MS patients; the A32/A32

genotype increased in the PP MS group
DR E ar s o SRR O BUsaeies

Age at onset lower in patients (who have intrathecal synthesis of IgG
oligoclonal band) carrying the deletions

GER tAvllels act fsserizied vith gk i matisniapgated

monocytes than controls
The population-based RR/SP MS group was associated with lower
age at disease onset

EQe rat?ooé’l'ﬁ”la?clle%%zn lxcz)(‘)xfu]r“r%else)me%ﬁ%lnghlg%
remyelinating lesions

Nozignifecanrdifferenss inidlalopatiesnotXpe/MAequensaespe higher

in patients than in controls; might be a risk factor

c tlow black

MS patients with A32 allele gave a lower positive gadolinium-
enhancing imaging

Progression to disability prolonged in CCR5A32 homozygotes and
heterozygotes compared with MS patients with the wild-type
genotype

No difference in age, sex, EDSS score, disease duration between
patients carrying or non-carring the allele; no correlation between
CCR5A32 and G-protein 3 subunit 825T polymorphism

No association with disease severity, age at onset, gender or disease
course

Reference

[26]

(4]

[45]

[49]

[46]

[30]

23]

[31]

[47]

[40]

[41]



S patients Controls !
%pﬁ%ﬁtﬁgg) 9% el IResults Reference
94 brain ‘
Ef%%’si% I{)atients (83 0 [41]
Europeans 1666 No association with disease or disease [36]
Iranian 100 No association [32]




