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In the present study we determined the frequencies of four
haplotypes of the human T-cell ymphotropic virus-related en-
dogenous sequence, HRES-1, in 110 multiple sclerosis (MS)
patients and 100 healthy control subjects from the United
Kingdom. We found evidence of an association between this
endogenous retrovirus and M$ & 0.01), in particular re-
flecting an increased frequency of HRES-1 haplotype 1 in
the group of patients. There was no significant difference
in the distribution of HRES-1 haplotypes between relapsing-
remitting MS and the primary progressive form of the disease.
The odds ratio for HRES-1 haplotype 1 and MS did not dif-
fer significantly between individuals positive for HLA-DR2
and DR2-negative individuals. Comparison of the observa-
tions from the present study with previous results implicated
HRES-1 as a marker of genetic heterogeneity in MS.
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1. Introduction
A considerable number of genes have been associ-

ated with multiple sclerosis (MS), a demyelinating dis-
ease of presumed autoimmune etiology, but in most

ducible [3]. One of the reasons for this could be that
several genes perhaps interacting with each other are
involved, implying that the contribution from the sin-
gle susceptibility locus is small. Moreover, there is
evidence that the disease consists of several genetically
distinct subgroups as suggested by the occurrence of
different clinical phenotypes.

In Caucasians from Northern Europe and North
America, HLA-DR2 has been associated with in-
creased susceptibility to MS [3]. On examination of
MS patients from other populations, absence of associ-
ation with DR2 [4,5] or associations with other HLA-
DR markers [8] have been found, implying that distinct
genes predispose to the disease in populations of differ-
ent ethnic origin. Recent observations from the United
Kingdom (UK) have provided evidence that MS pa-
tients positive for DR2 do not share susceptibility loci
with DR2-negative MS patients, suggesting existence
of distinct disease subtypes with DR2 being a marker
of one of these [2]. The identification of two different
types of MS in Japan, namely a DR2 associated West-
ern type and an optico-spinal form or Asian type with
no HLA-DR association, provides further evidence of
genetic heterogeneity in this disease [6].

Endogenous retroviruses are normal genomic con-
stituents some of which appear to be involved in the im-
mune regulation by producing an immunosuppressive
factor [15]. Others perhaps encode for proteins which
act as autoantigens under certain circumstances [17].
This includes the human endogenous retrovirus HRES-
1 [1]. Consequently, endogenous retroviruses are po-
tential candidates in the search for genetic suscepti-
bility factors in MS and other diseases of presumed
autoimmune etiology [11,17].

Previously, we have reported an association between
MS and a haplotype of HRES-1 defined on the basis
of single nucleotide polymorphisms in the promoter re-

cases these genetic associations have not been reprogion and a synonymous nucleotide substitution in the
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segment of this endogenous retrovirus encoding a 28- berta, Canada (http://www.biology.ualberta.ca/jbrzusto
kDa protein [10,13]. In addition a promoter allele of /hwenj.html). For linkage disequilibrium calculations
HRES-1 has been associated with protection against the EH program was taken into use [16]. The CLUMP
systemic lupus erythematosus [7]. Whether the genetic program was used to assess the significance of marker-
variation in the promoter affects the expression of the disease associations [14]. Based upon “raw” 2-by-m
28-kDa protein, which can act as an autoantigen and tables with m being the number of haplotypes, this pro-
perhaps contribute to the development of autoimmune gram calculates a normal chi-squared valug)(TThe
diseases is not known. Inthe present study we searchedCLUMP program also tests each individual haplotype
for an association between MS and HRES-1 in indi- against a pool of all the others and lists that particu-
viduals from the UK conditioning for the presence of lar haplotype with the largest chi-squared valug)(T
HLA-DR2. Moreover, it permits the detection of an association be-
tween a disease and a variable number of haplotypes
(T4). For comparative purposes previous observations
of HRES-1 haplotype distributions in MS patients and
control subjects from Denmark were included [13]. As-
sessment of homogeneity of odds ratios in a stratified
2 x 2 table was done using the Breslow-Day test, imple-
A total of 110 MS patients and 100 healthy control mented in the SAS System Version 6.12 (SAS Institute
subjects were recruited from the West Midlands region Inc., Cary, NC, USA).
of the UK. All patients and control subjects were unre-
lated. The diagnosis of MS was made according to the
Poser criteria [9]. Eighty-eight patients had relapsing- 3. Results
remitting MS, while 22 patients were afflicted with pri-
mary progressive MS. The former group included 16 The genotypic frequencies at tHendlll, Eco571and
patients with secondary progressive MS, characterized Ncil polymorphic sites in the group of control subjects
by progression of symptoms after initial relapses and did not deviate significantly from with those expected
remissions. Patients as well as control subjects were under conditions of Hardy-Weinberg equilibrium as de-

2. Materialsand methods

2.1. Patientsand control subjects

white Caucasians. They had all been typed for HLA-
DR and -DQ alleles in a previous study with results typ-
ical of a Northern European Caucasian population [5],
i.e. 61 MS patients and 30 healthy control subjects
were DR2-positive corresponding to phenotypic fre-
guencies of 0.55 and 0.30, respectively. The haplotype
DRB1*1501, DQA1*0102, DQB1*0602 was present
in all DR2-positive individuals except two, namely a
patient carrying the DRB1*1502 allele and a control
subject with DRB1*1601.

2.2. Genotyping of HRES-1

Genotyping at three polymorphic sites of HRES-1
were carried out by enzymatic amplification and treat-
ment of amplified products witRlindlll, Eco571 and
Ncil, after which haplotypes were deduced on the basis
of the known allelic associations [13].

2.3. Analysis of data
Genotypic proportions in the group of control sub-

jects were tested for Hardy-Weinberg equilibrium using
the program made by John Brzusto, University of Al-

termined by the appearance falues of 0.67, 0.59,
and 0.68, respectively. The alleles at the three poly-
morphic sites were arranged into four different haplo-
types (Table 1). On testing a model with this pattern
of allelic association against the null hypothesis of no
linkage disequilibrium, we found avalue< 107 in
patients as well as control subjects.

The distribution of the four HRES-1 haplotypes dif-
fered significantly between MS patients and control
subjects from the UK, in particular due to an increased
frequency of haplotype 1 among the patients. There
was no significant difference in the HRES-1 haplotype
distribution between healthy control subjects from the
UK and Denmark whereas a significant difference was
found on comparison of patients from these two coun-
tries. This difference was due to increased frequen-
cies of haplotype 1 and 4 combined with decreased fre-
guencies of haplotype 2 and 3 in the group of British
patients.

The HRES-1 haplotypes of the British patients and
control subjects were categorized into two groups,
namely haplotype 1 and all others (haplotype 2, 3 and
4). Odds ratio for MS and HRES-1 haplotype 1 was
1.24 in DR2-positive individuals and 2.00 in DR2-
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Table 1
Distribution of HRES-1 haplotypes in multiple sclerosis patients and healthy individuals
HaplotypeS  Hindlll  Eco571  Ncil United Kingdont Denmark
MS patient8  Control subject$ MS patient8  Control subject$
1 - + - 94 (0.43) 60 (0.30) 47 (0.30) 85 (0.38)
2 + + + 53 (0.24) 72 (0.36) 59 (0.38) 63 (0.28)
3 - — - 13 (0.06) 18 (0.09) 17 (0.11) 13 (0.06)
4 - + + 60 (0.27) 50 (0.25) 33(0.21) 61 (0.28)

aData from this study.

bData from a previous study [13].

°The haplotypes are defined on the basis of presence or absence of three restriction enzyme polymorphisms as indicated
by + and—, respectively [13].

dNumbers of haplotypes with frequencies in brackets.

MS patients from the UKis control subjects from the UK: chi-squared value of the “raw” tabj¢ 411.18, p = 0.009,
chi-squared value of haplotype 1 against the regt7.34, p = 0.03, chi-squared value of haplotype 1 and 4 together
against the rest @) = 10.10, p = 0.006.

Control subjects from the UKs control subjects from Denmark: chi-squared value of the “raw” tablg €T 5.68,
p=0.13.

MS patients from the UK vs MS patients from Denmark: chi-squared value of the “raw” tafle=(T3.87, p = 0.002;
chi-squared value of haplotype 2 against the regt98.23, p = 0.02, chi-squared value of haplotype 1 and 4 together
against the rest @) = 13.61, p = 0.001.

: S : Table 2
negative individuals. The BreSIOW_Day test did not Distribution of HRES-1 haplotypes in multiple sclerosis patients and

provide evidence against the hypothesis of equal 0dds heajthy control subjects from the UK after stratification for HLA-

ratios in these two strata (Table 2). DR2
The frequencies of haplotype 1-4 in patients with  Haplotypes MS patierits Control subjects
relapsing-remitting MS from the UK were 0.43, 0.21, DR2+  DR2- DR2+ DR2—
0.07 and 0.29, respectively. These haplotypes were 1 53(0.43) 41 (0.42) 23(0.38) 37(0.26)
present at frequencies of 0.43, 0.37, 0.02 and 0.18 in 2 30(0.25) 23(0.23)  19(0.32) 53(0.38)
3 7(0.06)  6(0.06) 6(0.10) 12 (0.09)

patients with primary progressive MS. Comparison of
the hapIOtype.dlsmbUtlonS of these two MS subgroups aNumbers of haplotypes with frequencies in brackets.
revealed a chi-squared value,(Tof 5.89, correspond- Breslow-Day test to assess homogeneity of odds ratio between MS

ing to ap value of 0.12. and HRES-1 haplotype 1 in a2 2 table stratified for DR2: chi-
square value= 1.28, df = 1, p = 0.26.

4 32(0.26) 28(0.29) 12(0.20) 38 (0.27)

4. Discussion type 2 and 3. Interpreting the finding of an association
between HRES-1 and MS in the UK as a false posi-

In the present study we have searched for an associa- tive or spurious association would probably not be cor-
tion between HRES-1 and MS inthe UK. We found that rect as relatively large numbers of patients and control
the frequency of one of the HRES-1 haplotypes, namely subjects had been examined. Neither is the possibility
haplotype 1, was significantly higher in patients than likely that the finding is due to differences in the linkage
healthy control subjects. The strength of this associa- disequilibrium between HRES-1 and a neighbor locus
tion did not differ significantly between DR2-positive  harboring a disease allele since the healthy control sub-
and DR2-negative subjects. The lack of a significant jects from the two countries were comparable with re-
difference in the HRES-1 haplotype distribution be- spectto HRES-1 haplotype frequency. Instead, we fa-
tween relapsing-remitting MS and primary chronic pro-  vor the interpretation that the finding reflects existence
gressive MS was in agreement with observations from of genetically different subsets of MS with HRES-1
Denmark [13]. being a marker of one these.

The detection of an increased frequency of haplo-  The study of a disease in different ethnic groups is
type 1 in MS patients from the UK as compared with  often useful to distinguish the effect of a true suscep-
control subjects from the same country was unexpected tibility gene from a marker-disease associations due to
since this haplotype was less frequent in MS patients linkage disequilibrium. In a previous study we have
than control subjects from Denmark. Further, there was searched for an association between HRES-1 and MS
a tendency towards an inverse relationship between the in a population of Shanghai Chinese [12]. No such as-
Danish and British MS patients with regard to haplo- sociation was found, perhaps suggesting that different
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genes are associated with MS in populations of differ- netic susceptibility to multiple sclerosis in a Shanghai Chinese

ent ethnic derivations. Moreover, the lack of an as- population. The role of the HLA class Il genésm Immunol
42 (1995), 203-208.

sociation In the, populatlon of Shanghal Chinese hin- J.Kira, T. Kanai, Y. Nishimura, K. Yamasaki, S. Matsushita, Y.
dered speculations as to how the HRES-1 locus may Kawano, K. Hasuo, S. Tobimatsu and T. Kobayashi, Western
be affecting susceptibility to MS in populations from versus Asian types of multiple sclerosis: immunogenetically
Northern Europe. and clinically distinct disorderginn Neurol 40 (1996), 569—

: . 574.
. In conclusion, the pre_se_nt StUdy have prowded ev- 7] C. Magistrelli, E. Samoilova, R.K. Agarwal, K. Banki, P. Fer-
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the question of HRES-1 being a marker of a specific correlate with systemic lupus erythematosus and autoreactiv-

; o . ity, Immunogenetics 49 (1999), 829-834.
subset of MS. Large-scale studies stratifying for clin- [8] M.G. Marrosu, M.R. Murru, G. Costa, F. Cucca, S. Sotgiu,

ical phenotypes may help to answer this. Obviously, G. Rosati and F. Muntoni, Multiple sclerosis in Sardinia is

identification of genetic markers of different subtypes associated and in linkage disequilibrium with HLA- DR3 and
; ; DR4 alleles AmJ Hum Genet 61 (1997), 454—-457.
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