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Abstract Four published genome screens have identified
a number of markers with increased sharing in multiple
sclerosis (MS) families, athough none has reached statis-
tical significance. One hundred and five markers previ-
oudly identified as showing increased sharing in Canadi-
an, British, Finnish, and American genome screens were
genotyped in 219 sibling pairs ascertained from the dat-
abase of the Canadian Collaborative Project on Genetic
Susceptibility to MS (CCPGSMS). No markers examined
met criteria for significant linkage. Markers located at
5pl14 and 17922 were analyzed in a total of 333 sibling
pairs and attained mlod scores of 2.27 and 1.14, respec-
tively. The known HLA Class || DRB1 association with
MS was confirmed (P<0.0001). Significant transmission
disequilibrium was aso observed for D17S789 at 1722
(P=0.0015). This study highlights the difficulty of search-
ing for genes with only mild-to-moderate effects on sus-
ceptibility, although large effects of specific loci may till
be present in individual families. Future progress in the
genetics of this complex trait may be helped by (1) focus-
sing on more ethnically homogeneous samples, (2) using
an increased number of MS families, and (3) using trans-
mission disequilibrium anaysis in candidate regions
rather than the affected relative pair linkage analysis.

Keywords Multiple sclerosis - Linkage anaysis -
Susceptibility loci

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disorder
of the central nervous system. The exact pathogenesis re-
mains unknown, athough a role for genetic factors has
been clearly indicated by genetic epidemiologica studies
[1, 2, 3, 4]. Given the Canadian lifetime population risk of
0.2%, the population relative risk for the siblings of MS pa-
tients (or Agpy) Can be estimated at 20 [2, 5]. The significant
difference between the monozygotic twin concordance rate
of 20%-30% and the dizygotic twin concordance rate of
3%-5% suggests that multiple genes are involved [6, 7].

Given the strong evidence for the existence of suscep-
tibility genes in MS, molecular genetic methods have
been used to search for candidate genes, largely based on
the hypothesis that M S is an autoimmune disorder [8, 9].
Equivocal findings (negative and positive) have been re-
ported for a host of candidates, including the TCR beta
locus, the myelin basic protein gene, and the immuno-
globulin variable gene segment locus [10, 11].

The major histocompatibility complex locus (MHC)
is the only candidate locus to be unambiguously associ-
ated with MS [12]. This association has been fine-
mapped to the human leukocyte antigen (HLA) class |1
region containing the DQA1, DQB1, and the DRB1
genes [13]. Nevertheless, given the low relative risk of
this extended haplotype and the mild evidence for link-
age, the MHC susceptihility locus is thought to have on-
ly amild-to-modest effect on overall risk [14].

Canadian, British, American, and Finnish groups have
performed genome-wide screens on MS multiplex fami-
lies as a means of identifying genetic determinants [15,
16, 17, 18]. Thefirst stage of these screens used 61, 129,
52, and 16 MS multiplex families, respectively. After the
initial screens, each group explored regions of potential
linkage in additional families and with a higher density
of markers[15, 16, 17, 18].

In total, 105 markers were identified for which there
was some evidence for nominal or suggestive linkage by
at least one of the four research groups. The present in-
vestigation expands on these findings. We genotyped
these 105 markers in an independent sample of sibling
pairs from Canadian MS families.

Materials and methods

Resources

The collection of the MS family material has been described in de-
tail elsewhere [17, 19]. The Canadian family material is arranged
in “Datasets’ as follows: (1) Dataset 1-97 sibling pairs from 58
families; (2) Dataset 2—44 sibling pairs from 42 families; (3) Data-
set 3-78 sibling pairs from 72 families; (4) Dataset 4 —114 sibling
pairs from 97 families (Table 1). Together Datasets 1-3 consist of

Table1 Characteristics of

family materiala Dataset 1° Dataset2 Dataset3 Datsets1-3  Dataset4  Datasets 14
Families 58 (61) 42 72 172 97 269
Sib-pairs 49(52) 41 69 159 90 224
Trios 6 (6) 1 3 10 6 16
4 affected 0 0 0 0 1 1
5 affected 33 0 0 3 0 3
Effective pairs 97 (100) 44 78 219 114 333
Two parents 22(23) 34 35 91 74 165
One parent 15 (16) 8 33 56 23 79
Neither parent 21 (22) 0 4 25 0 25
Unaffected sibs 111 (122) 19 76 182 59 265

aNumbers in parentheses are the previously published numbers present in the datasets [17]

b Since the time of the origina publication there have been minor changes to Dataset 1. Two families,
upon follow-up diagnosis (once every 6 months over the last 3 years) were determined not to meet
clinical criteria for clinically definite MS [34, 35]. Sb_kin, the Aspex statistical packages program
for determining kinship, was also run on the Dataset 1, 2, and 3. It was found that 1 family from Da-
taset 1, thought to be a concordant dizygous twin pair, was in fact a monozygotic twin pair. These 3
families have been excluded from further analysis



172 families and 219 sibling pairs and Datasets 1-4 consist of 269
families and 333 sibling pairs. Datasets 1-4 are to be considered
independent samples for the evaluation of the American, British,
and Finnish markers, while for the Canadian markers, only Data-
sets 2, 3, and 4 are considered independent.

Marker selection

Markers used for this investigation were from the initial four pub-
lished genome screens [15, 16, 17, 18]. Each study used different
criteriafor nominal evidence of linkage, and as such the respective
markers were selected by different methods. In total, 105 markers
were selected from the four studies for use in the present study. Of
these, 10 markers overlapped between two genome screens.

Canadian markers

The present study used markers which, in the earlier Canadian
screen [17], demonstrated an increased sharing of 56% or more as
determined by sibpair analysis with the Aspex statistical package. A
total of 29 markers met this minimum requirement (Appendix A).

American markers

The American study criterion for nominal linkage was a signifi-
cant result in at least two of three statistical tests [16], using three
linkage analysis programs — FASTLINK, SimIBD, and SIBPAL.
The significance levels were a lod score of 1 for FASTLINK and
P values of 0.05 or less for SimIBD and SIBPAL. A total of 30
markers were identified and 29 used in the present study (Appen-
dix A). The single exception was marker D7S489, which had a
relatively low heterozygosity (Het=0.37). This marker was re-
placed with D7S672 (Het=0.82).

Finnish markers

The 8 Finnish markers used were those considered significant in
the published screen [18]. The 8 selected Finnish markers includ-
ed the ones that gave an NPL score greater than 1.0 after the initial
screen and the subsequent addition of the finer resolution markers
(Appendix A).

British markers

From the British study [15], markers were selected that attained at
least a significance level of 0.05. If a marker achieved a level of
significance in the first stage of the British screen, it was then
genotyped in a further 98 families and re-analyzed. Only markers
that continued to have a significance level of 0.05 or less after the
second stage were selected for the present study. A total of 48
markers met this minimal criterion (Appendix A). One restriction
fragment length polymorphism with relatively low heterozygosity
was replaced with microsatellite marker D14S826 at chromosome
14qtel.

Microsatellite genotyping

Genomic DNA was isolated and purified from peripheral blood
samples by standard protocols. Polymerase chain reaction (PCR)
was performed using the TC-1600 (Intelligent Automation
System). PCR conditions for microsatellite genotyping were as
follows: final volume of 10 pl with 50 ng of genomic DNA,
10 mM TRISHCI, pH 83, 50 mM KCI, 1.5 mM MgCl,,
0.60 pumol unlabelled primer, 0.12 pumol [y-32P] dATP-labelled
primer, 200 uM of each dNTP, and 0.25 U of Tag DNA polymer-
ase. Cycle conditions were 94 C for 5 min, 30 cycles of 94 C for
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1 min, 5062 C for 1 min, followed by an elongation step for
5 min. at 72 C. Microsatellite PCR products were separated by
size on a 6% denaturing acrylamide gel (Sequagel-6, National Di-
agnostics). Separated products were visualized by autoradiogra-
phy. Gels were exposed to Kodak XAR-5 film for 648 h at
—70C.

HLA DRB1 genotyping

A PCR-based method for typing individuals at the DRB1 locus
was used for this study [20]. Sequence-specific primers were used
to amplify alleles corresponding to HLA DRB1* 1, 4, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, and 18. The same conditions for the
PCR reactions applied as above with the exception that 200 ng of
genomic DNA was used as template, and annealing temperatures
ranged between 61 and 66 C. Control primers specific for the third
intron of the HLA DRB1 gene were aso amplified. PCR products
were run on 1.5%-2% agarose gels, stained with ethidium bro-
mide, and visualized with UV light.

Statistical analysis

Linkage and transmission disequilibrium analysis was performed
with the Aspex Statistical Package (ftp://lahmed.stanford.edu/
pub/aspex). The sib_ibd program of the Aspex statistical package
was used for a multi-point linkage analysis. Marker distances were
taken from the Marshfield Research Group’s “build your own
map” function at www.marshfield.org/genetics. The sib_tdt pro-
gram of the Aspex statistical package was used to test for trans-
mission distortion [21]. Unaffected siblings were used to recon-
struct any missing parental genotypes.

Results

Analysis of markersin an independent Canadian sample
identified by the original Canadian genome screen

Positive findings were originally reported for D6S461
within the MHC and D53406 of 5p13. These 2 markers,
with the additional flanking markers D6S273, D6S276
and D55405, D5S635 have been examined in the Cana-
dian families, and the positive findings have been previ-
ously reported for Datasets 1, 2, and 3 [17]. The remain-
ing 28 markers from the original reported genome screen
showed less than 56% sharing in the independent sample
of 122 sibling pairs from 114 families (Datasets 2 and 3).
The sharing remained below 56% when these sibling
pairs (Datasets 2 and 3) were added to the original Data-
set 1 for atotal of 219 sibling pairs. Allele sharing of
56% was chosen as a cutoff for consistency with the
original Canadian genome scan [17].

Further investigation for markers on chromosome 5p

Marker D5S406 was reported as having a multipoint
mlod score of 1.60 in Datasets 1, 2, and 3 [17]. For the
present study, this region continued to attain the highest
mlod score in the Canadian families. As a result, the
markers D5S405, D53406, and D5S635 were further
genotyped in an independent set of 114 Canadian sibling
pairs (Dataset 4). The multipoint mlods in this indepen-
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Table 2 Selected linkage results for candidate markers with over 56% sharing and/or mlod >0.50 in 219 sibling pairs

Marker Genome Canadian 2-point UK MLS Finnish NPL American Multipoint mlod Percentage
scan mlod (% sharing) score [15] score [18] linkage scores in 218 Canadian (%) sharing
[17] [16] Sibling pairs observed
D2S169 B 1.25 0.53 55.2
D2S139 B 1.25 0.56 55.3
D5S4062 C 1.60 (57.0) 1.55 58.0
D6461 B 2.80 0.73 55.3
D6S276 B 20 0.54 54.3
D6S273 AB 20 1.28/0.12/0.002 0.73 55.0
D6S291 B 15 0.71 54.8
DRB1 AF 155 1.46/0.15/0.007 131 56.9
D6S286 C 0.72 (57.6) 0.63 55.9
PAH A 1.56/0.01/0.007 0.74 56.2
D17S787 B 12 0.88 56.5

aThe discrepancy observed with D5S406 is due to the slight alteration in Dataset 1 and the number of flanking markers used in the

multipoint analysis between the follow-up and the genome screen

dent sample for D5S405, D53406, and D5S635 were
0.82, 0.56, and 0.26, respectively. The sharing observed
was 57.4%, 55.9%, and 54.1%. When these data were
combined with the data from Datasets 1-3, the total
multipoint mlods in 333 sibling pairs were 1.72, 2.27,
and 1.40, respectively.

Analysis of markersin an independent Canadian sample
identified by the American genome screen

Thirty markers highlighted by the original American
screen [16] were genotyped in the present Canadian sib-
ling pair sample (Datasets 1-3). Of these, only 3 markers
showed an increased sharing greater than 56%. Markers
D6S273 and DRB1 of the HLA Class Il region of the
MHC demonstrated multipoint mlods of 0.72 and 1.31,
respectively. PAH at 12924 also demonstrated an €levat-
ed degree of sharing with a multipoint mlod of 0.74 and
56.2% sharing (Table 2).

Analysis of markersin an independent Canadian sample
identified by the Finnish genome screen

Two markers identified as nominally and potentially sig-
nificant in the Finnish study [18] were positive in the
Canadian sample. Marker D17S787, highlighted in both
the original British and Finnish studies, had a mlod of
0.88 and sharing of 56.5% in the 219 Canadian sibling
pairs (Datasets 1-3). The second marker was the MHC
Class || DRB1.

Analysis of markersin an independent Canadian sample
identified by the British genome screen

Of the 48 markersidentified as nominally and suggestive-
ly linked in the British study, only 7 showed any evidence
of increased sharing over 56% in the Canadian sample.
The multipoint mlods were 0.56 and 0.53 for D2S139 and

for the adjacent D2S169, respectively. D6S291, D6S273,
D6S276, and D6S461 all reside within the MHC and the
mlods for these four markers were 0.71, 0.72, 0.54, and
0.73, respectively. Marker D17S787, located at 17922,
had elevated sharing of 56.5%, and the multipoint mlod
score of 0.88 was the highest of all the markers tested
outside of chromosome 5p and 6p21.

Further investigation for markers on chromosome 17

As the highest mlod outside of 5p and 6p21 was for
D17S787, this marker and the adjacent hotspot markers
D17S789, D17S798, and D17S807 were further geno-
typed in 114 sibling pairs from 97 MS families (Dataset
4). In the combined sample of 333 sibling pairs (Datasets
1-4), the multipoint mlod for D17S787 decreased to 0.24
with 52.6% sharing. The adjacent markers D17S789 and
D17S807 demonstrated increased sharing in the 114 sib-
ling pairs of Dataset 4 alone; the multipoint mlods were
1.49 and 0.83 with 59.6% and 57.1% sharing, respective-
ly. In the combined sample of 333 affected MS sibling
pairs (Datasets 1-4), the mlod for D17S789 was 1.14
and 0.82 for D17S807 (Table 3).

Transmission disequilibrium testing

As HLA DRB1 is considered a candidate for an MS
susceptibility locus, transmission disequilibrium testing
(TDT) was performed [21]. The known MHC associa-
tion with DRB1*15 was confirmed in this Canadian
sample in Datasets 1-3; the allelomorph was present in
25.7% of the parents and was transmitted 151 times ver-
sus 70 times not-transmitted from heterozygous parents
(X?=29.69, P<0.0001).

Transmission disequilibrium was also tested for mark-
ers D53405, D53S406, D5S635, D17S798, D17S787,
D17S807, and D17S789. The markers showed no signif-
icant transmission distortion with the exception of
D17S789 (Table 4) (x24,,=28.54, P=0.0015).
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Table 3 Multipoint mlods and

percentage sharing for chromo- ~ Marker DS1 Ds2 DS3 Ds4 DS1+4
some 17
D17S798  031(654)  0(50.0) 0.09 (53.1) 001(51.1)  0.13(52.0)
D175787 0(50.4) 0.02 (51.9) 1.69 (63.6) 0(50.0) 0.24 (52.6)
D17S807  013(53.9)  010(539)  0.01(50.9) 083(57.1)  0.82(544)
D175789 0.16 (54.5) 0.06 (53.2) 0(50.3) 1.49 (59.6) 1.14 (55.3)

Table4 Transmission datafor locus D17S789 in Datasets 1-4

Allele n % Transmitted  Not transmitted %2
1 1 0.1 1 1 0
2 177 23.4 93 134 7.41
3 13 1.7 15 3 8.00
4 51 6.7 52 37 2.53
5 189 250 145 140 0.09
6 173 229 132 108 2.40
7 64 85 61 a7 181
8 56 74 40 65 5.95
9 4 0.5 4 4 0

10 28 3.7 21 25 0.35

X%um=28.54; P=0.0015 (df=9)

Discusssion

The present linkage analysis of 219 Canadian sibling
pairs failed to demonstrate significant linkage to the
markers with increased sharing from the original Canadi-
an genome screen [17]. In fact, the percentage sharing
between siblings decreased for each marker examined.
Similarly, the markers of potential linkage originaly
identified in the British [15], American [16], and Finnish
[18] genome screens also failed to provide any signifi-
cant evidence for linkage in the Canadian sample. These
disparate linkage results between study groups may sug-
gest genetic differences between MS populations or,
more likely, that these original mildly positive findings
were type | errors, implying inadequate sample size to
detect linkage to the MS susceptibility genes. However,
it should be noted that if these original findings were
true, the number of families required to replicate a sig-
nificant finding may be several times the number of fam-
ilies used to detect the original linkage result [22]. This
does not mean the results would be completely negative
and still be supportive of linkage.

Modest increased sharing was observed for D6S461,
D6S291, D6S273, D6S276, and DRB1 within the MHC,
where mild evidence for linkage has been well estab-
lished. The associated DRB1*15 allele was also shown
to be in significant disequilibrium in the Canadian sam-
ple by transmission disequilibrium testing (x2=29.69,
P<0.0001). However, the non-significant mlod (<3) em-
phasizes the notion that the MHC susceptibility gene(s)
contributes only modestly to overall MSrisk [3, 14].

One interesting observation is the increased sharing
observed for D6461 in the Class | region of the MHC
where it has been hypothesized that a second susceptibil-
ity locus resides independent of the action of DRB1 [17,
23]. If the MHC isindeed a paradigm for the complexity

of susceptibility loci involved in MS genetics, sample
sizes greater than the 333 sibling pairs studied in thisin-
vestigation will be required to demonstrate significant
linkage by affected relative pair methods. In fact, testing
for disequilibrium may be the only way to demonstrate
linkage, given the realistic sample sizes available to most
MS researchers[24].

Markers at 5p were initially highlighted in the origi-
nal Finnish and Canadian studies [17, 18]. More recent-
ly, a Swedish sibling pair study observed a lod score of
1.1 at a marker between the two Finnish and Canadian
hotspot markers [25]. Given the continued positive find-
ings in additional Canadian sibling pairs, this region con-
tinues to be a potentia site for a non-MHC susceptibility
locus. To date there have not been any extensive candi-
date gene studies applied to this area. Potential genes of
interest may include various complement component
genes (6, 7, and 9), the glial cell line-derived neurotro-
phic factor (GDNF) gene, and the cadherin genes 10 and
12.

The highest scores for the Finnish and United King-
dom studies were for marker D17S807 on 17g22. In the
Datasets 1-3, D17S807 showed no evidence of increased
sharing. The adjacent marker D17S787 did however
show the highest mlod outside of chromosome 5p and
6p21 in the present Canadian sample. When this was
re-examined in a separate set of 114 sibling pairs (Data-
set 4), the mlods for D17S787 decreased, athough the
mlods for the adjacent markers D17S789 and D17S807
increased. When Dataset 4 was combined with Datasets
1-3, the overal mlod in 333 sibling pairs was 1.14 for
D17S789. A TDT of the markers in this region provided
a positive result for D17S789, athough more than one
alele seemed to be transmitted preferentially (or non-
preferentially) to affected offspring (Table 4). Recently a
Scandinavian study of 115 families demonstrated a simi-
lar linkage result of 0.90 to the same 17q region [26].
Given that this region provided the most-positive multi-
point mlod outside of the MHC and 5p, the significant
TDT finding for D175789, as well as the origina find-
ings of the British and Finnish investigations, this region
may be a potential site for a modest acting susceptibility
gene. The candidates 2',3'-cyclic nucleotide-3'-phospho-
diesterase, APOH, PECAM1, and PRKAR1A have been
examined within this region, with negative results [27,
28]. However the myeloperoxidase gene (MPO) at
17922 was found to be positively associated in the Unit-
ed Kingdom population [25]. Additionally there is evi-
dence that MPO knock-out mice have a higher incidence
of experimental autoimmune encephalomyelitis [29] and
that MPO is differentially expressed in early onset fe-
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male MS cases [30], athough this latter observation
could not be replicated [31].

A different strategy to examine the significance of the
various linkage results is to perform a meta-analysis. A
combined meta-analysis has the advantage of analyzing
alarge sample with no extra genotyping required. Draw-
backs include the different marker sets used between
studies and, perhaps more importantly, the potential dif-
ferences in susceptibility genes among MS populations.
A recent meta-analysis has been performed using the re-
sults of the original Canadian, British, and American ge-
nome screens [32]. The study’s highest NPL scores were
for markers located on chromosome 17g11 and chromo-
some 6p21 (NPL scores of 2.58 and 2.47, respectively).
Chromosome 17g22 also had an increased score with an
NPL of 2.30. Despite the slight discrepancy in the results
for chromosome 17, the conclusions from the linkage da-
tafor the present study and the meta-analysis are largely
the same, as neither approach provided any significant
findings of linkage [33].

Future studies will have to include family material
from more than the 219, and even 333, sibling pairs stud-
ied here. At least 400-500 if not thousands of families
will be required [24]. More ethnically homogeneous popu-
lations (for example the French Canadian or Finnish MS
population) and the testing of disequilibrium versus tests
for linkage using affected sibling pairs should also be con-
sidered strategies for future work. Single nucleotide poly-
morphisms and the high-throughput technology to detect
these polymorphisms will play an important role in the ex-
amination of candidate regions. Clues from epidemiologi-
cal and clinical studies may identify specific subsets of
familiesfor further studiesin this complex disorder.
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Appendix A

Markers showing over 56% sharing in the original Cana-
dian genome scan [17]: D1S201, D2S119, D2S155,

D3S1286, D3S1261, D3S1309, D3S1282, D4S431,
D4s402, D5S406, D5S424, D6S286, D7S513, D75484,
D7S524, D10S186, D10S212, D11S2000, D14S78,
D15S132, D16s411, D18S59, D18S68, D1947,
DX$S1060, DXS987, DX S1214, DXS1068, DX S1047.

Markers showing at least two positive scores in three
linkage analysis in the American genome scan [16]:
D2S131, D2S123, D3S1744, D4SA413, D4S1566, D4S415,
D5S815, D6S260, D6S273, DRB1, D6S1693, D7S672,
D7S554, D7S523, D9S162, D9S1846, D9S171, D9S66,
D10s$464, D11S922, D12S1052, D12S101, PAH,
D12S392, D13S285, D16S748, D16S287, D18S66,
APOC2, D19S219.

Markers highlighted in the Finnish genome screen
[18]: D2S1391, D4S3248, D55416, DRB1, D10S1220,
D11S910, D17S787, D17S807.

Markers achieving a minimum 0.05 significance in
the United Kingdom genome screen [15]: D1S199,
D1S216, D1S207, D1S236, D2S169, D2S139, D3S1289,
D3S1300, D3S1285, D3S1261, D4s408, D4S1540,
D45426, D5S407, D5S427, D5S424, D5S428, D5S409,
D6S260, D6S461, D6S276, D6S273, D6S291, D6S305,
D7$493, D7S516, D7$484, D14S826, D14S292, D17S513,
D175786, D17S799, D17S953, NF1, D17S798, D17S5787,
D17S807, D17S789, D1949, D19S225, APOC2,
D19S246, D21S258, DXS538, DXS991, DXS990,
DXS1059, DXS1047.

References

1. Ebers GC, Sadovnick AD, Risch NJ and the Canadian Collab-
orative Study Group (1995) A genetic basis for familia aggre-
gation in multiple sclerosis. Nature 377:150-151

2. Sadovnick AD, Ebers GC, Dyment DA, Risch NJ and the Ca-
nadian Collaborative Study Group (1996) Evidence for the ge-
netic basis of multiple sclerosis. Lancet 347:1728-1730

3. Sadovnick AD, Dyment D, Ebers GC (1997) Genetic epidemi-
ology of multiple sclerosis. Epidemiol Rev 19:99-106

4. Robertson NP, O’ Riordan JL, Chataway J, Kingsley DP, Miller
DH, Clayton D, Compston DA (1997) Offspring recurrence
rates and clinical characteristics of conjugal multiple sclerosis.
Lancet 349:1587-1590

5. Sadovnick AD, Baird PA, Ward RH (1988) Multiple sclerosis:
updated risks for relatives. Am J Med Gen 29:533-541

6. Sadovnick AD, Armstrong H, Rice GP, Bulman D, Hashimoto L,
Paty DW, Hashimoto SA, Warren S, Hader W, Murray TJ, Seland
TP, Metz L, Bell R, Duquette P, Gray T, Nelson R, Wein-
shenker B, Brunet D, Ebers GC (1993) A population-based study
of multiple sclerosisin twins: update. Ann Neurol 33:281-285

7. Mumford CJ, Wood NW, Kellar-Wood H, Thorpe JW, Miller
DH, Compston DA (1994) The British Isles survey of multiple
sclerosisin twins. Neurology 44:11-15

8. Rivers TM, Schwentker FF (1935) Encephalomyelitis accom-
panied by myelin destruction experimentally produced in
monkeys. J Exp Med 58:39-53

9. Kabat EA, Bezer AE (1946) The rapid production of acute dis-
seminated encephalomyelitis in Rhesus monkeys by injection
of brain tissue with adjuvants. Science 104:362—-363

10. Dyment DA, Sadovnick AD, Ebers GC (1997) Genetics of
multiple sclerosis. Hum Mol Genet 6:1693-1698

11. Sawcer S, Goodfellow PN, Compston A (1997) The genetic
analysis of multiple sclerosis. Trends Genet 13:234-239

12. Olerup O, Hillert J (1991) HLA class |l-associated genetic
susceptibility in multiple sclerosis: a critical evaluation. Tissue
Antigens 38:1-15



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Fogdell A, Hilleret J, Sachs C, Olerup O (1995) The multiple
sclerosis- and narcolepsy-associated HLA class |1 haplotype
includes DRB5*0101 allele. Tissue Antigens 46:333-336
Marrosu MG, Fadda E, Mancosu C, Lai M, Cocco E, Pugliati
M (2000) The contribution of HLA to multiple sclerosis sus-
ceptibility in Sardinian affected sibling pairs. Ann Neurol
47:411-412

Sawcer S, Jones HB, Feakes R, Gray J, Smaldon N, Chataway
J, Robertson N, Clayton D, Goodfellow PN, Compston A
(1996) A genome screen in multiple sclerosis reveals suscepti-
bility loci on chromosome 6p21 and 17g22. Nat Genet 13:
464468

The Multiple Sclerosis Genetics Group (1996) A complete ge-
nomic screen for multiple sclerosis underscores a role for the
major histocompatibility complex. Nat Genet 13:469-471
Ebers GC, Kukay K, Bulman DE, Sadovnick AD, Rice G,
Anderson C, Armstrong H, Cousin K, Bell, RB, Hader W,
Paty DW, Hashimoto S, Oger J, Duquette P, Warren S, Gray T,
O'Connor P, Nath A, Auty A, Metz L, Francis G, Paulseth
JE, Murray TJ, Pryse-Phillips W, Nelson R, Freedman M,
Brunet D, Bouchard J-P, Hinds D, Risch N (1996) A full ge-
nome search in multiple sclerosis. Nat Genet 13:472-476
Kuokkanen S, Gschwend M, Rioux JD, Daly MJ, Terwilliger
JD, Tienari PJ, Wikstrom J, Palo J, Stein LD, Hudson TJ,
Lander ES, Peltonen L (1997) Genomewide scan of multiple
sclerosis in Finnish multiplex families. Am J Hum Genet 61:
1379-1387

Sadovnick AD, Risch NJ, Ebers GC and the Canadian Collab-
orative Study Group (1998) The Canadian collaborative pro-
ject on the genetic susceptibility to MS, phase 2: rationale and
method. Can J Neurol Sci 25:216-221

Olerup O, Zetterquist H (1992) HLA-DR typing by PCR
amplification with sequence-specific primers (PCR-SSP) in
2 hours: an dternative to serological DR typing in clinical
practice including donor-recipient matching in cadaveric trans-
plantation. Tissue Antigens 39:225-235

Spielman RS, McGinnis RE, Ewens WJ (1993) Transmission
test for linkage disequilibrium: the insulin gene region and in-
sulin-dependent diabetes mellitus (IDDM). Am J Hum Genet
52:506-516

Suarez BK, Hampe CL, Eerdewegh PV (1994) Problems of
replicating linkage claims in psychiatry. In Gershon ES,
Cloninger CR, Barrett JE (eds) Genetic approaches to men-
tal disorders. American Psychiatric Press, Washington, D.C.,
pp 2346

Fogdell-Hahn A, Ligers A, Gronning M, Hillert J, Olerup O
(2000) Multiple sclerosis: a modifying influence of HLA class
I genes in an HLA class Il associated autoimmune disease.
Tissue Antigens 55:140-148

Risch N, Merikangas K (1996) The future of genetic studies of
complex human diseases. Science 273:1516-1517

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

151

Oturai A, Larsen F, Ryder LB, Madsen HO, Hillert J,
Fredrikson S, Sandberg-Wollheim M, Laaksonen M, Koch-
Henriksen N, Sawcer S, Fugger L, Sorensen PS, Svejgaard A
(1999) Linkage and association analysis of susceptibility re-
gions on chromosome 5 and 6 in 106 Scandinavian sibling
pair families with multiple sclerosis. Ann Neurol 46:612—616
Larsen F, Otura A, Ryder LP, Madsen HO, Hillert J,
Fredrikson S, Sandberg-Wollheim M, Laaksonen M, Harbo
HF, Saweer S, Fugger L, Sorensen PS, Svejgaard A (2000)
Linkage analysis of a candidate region in Scandinavian sib
pairs with multiple sclerosis reveals linkage to chromosome
179. Genes Immun 7:456-459

Nelissen |, Fiten P, Vandenbroeck K, Hillert J, Ollson T,
Marrosu MG, Opdenakker G (2000) PECAM1, MPO and
PRKARL A at chromosome 17¢21-g24 and susceptibility for
multiple sclerosis in Sweden and Sardinia. J Neuroimmunol
108:153-159

Chataway J, Sawcer S, Feakes R, Coraddu F, Broadley S,
Jones HB, Clayton D, Gray J, Goodfellow PN, Compston A
(1999) A screen of candidates from peaks of linkage: evidence
for the involvement of myeloperoxidase in multiple sclerosis.
JNeuroimmunol 98:208-213

Brennan M-L, Gaur A, Pahuja A, Lusis AJ, Reynolds WF
(2001) Mice lacking myeloperoxidase are more susceptible to
experimental autoimmune encephalomyelitis. J Neuroimmu-
nol 112:97-105

Nagra RM, Becher B, Toutrllotte WW, Antel JP, Gold D,
Paladino T, Smith RA, Nelson JR, Reynolds WF (1997) Im-
munohistochemical and genetic evidence of myeloperoxidase
involvement in multiple sclerosis. J Neuroimmunol 78:97-107
Kantarci OH, Atkinson MS, Hebrink DD, McMurray CT,
Weinshenker BG (2000) Association of a myeloperoxidase
promoter polymorphism with multiple sclerosis. J Neuroim-
munol 105:189-194

Transatlantic Multiple Sclerosis Genetics Cooperative (2001)
A meta-analysis of genomic screens in multiple sclerosis. Mult
Scler (in press)

Lander E, Kruglyak L (1995) Genetic dissection of complex
traits: guidelines for interpreting and reporting linkage results.
Nat Genet 11:241-247

Poser CM, Paty DW, Scheinberg L, McDonad W, Davis F,
Ebers GC, Johnson K, Sibley W, Silberberg D, Tourtelotte W
(1983) New diagnostic criteria for multiple sclerosis: guide-
lines for research protocols. Ann Neurol 13:227-231
Schumacher GA, Beebe G, Kibler RF, Kurland LT, Kurtzke JF,
McDowell F, Nagler B, Sibley WA, Tourtellotte WW,
Wellmon TL (1965) Problems of experimental trials of therapy
in multiple sclerosis: report by the panel on the evaluation of
experimental trials of therapy in multiple sclerosis. Ann N 'Y
Acad of Sci 122:552-568



