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Subsequent to a genomic linkage study on Sardinian and Continental Italian
families, we considered the possibility that some of the tested microsatellite
markers showed association to MS. Markers selected on the basis of the data
obtained in the original set of 70 multiplex families were tested for MS
association in an additional set of 154 simplex families. A limited set of markers
were further tested on an additional set of 100 simplex families. The results
indicate the presence of a putative MS gene in 19q13.13. Journal of
NeuroVirology (2000) 6, S18 ± S22.
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Introduction

The problem of identifying MS loci has been
approached by studies of linkage of microsatellite
markers throughout the genome. For complex
diseases such as MS, linkage analysis is usually
performed by a non parametric approach utilising
families with more than one affected sib (multiplex
families). Linkage is revealed by an increased allele
sharing between the two affected sibs above the
expected 50%. However, the linkage approach does
not permit us to pinpoint restricted genome regions
or to look for speci®c candidate genes. This is
mainly due to the inherent low power of the
affected sib pair method and to the in¯uence on
lod scores of markers at considerable distances.
Genetic association is more sensitive and precise in
terms of localisation and can be performed on more
easily available simplex families (with a single
affected offspring) by testing the preferential
transmission of disease-associated alleles from
heterozygous parents to affected offspring. However
a systemic genome association screening requires a

very high marker density and is not feasible with
the existing technology.

We decided to try an intermediate approach.
Starting from the 67 microsatellite markers that
we utilised for our previous linkage study
(D'Alfonso et al, 1999) and which were selected
in genome regions showing some evidence of
linkage to MS in other genome screens (Sawcer et
al, 1996; Ebers et al, 1996; Haines et al, 1996), we
tested whether some of them showed evidence of
association. We were aware that such an
approach had a poor chance of success being
the density of markers much lower than theore-
tically required. Nevertheless, we considered this
attempt worth pursuing in view of the importance
of the issue.

We started from our original set of Sardinian and
Continenal Italian multiplex families used for
linkage analysis and applied to them the transmis-
sion-disequilibrium test (TDT). Under these condi-
tions, TDT becomes a test of linkage only in the
presence of association. The increased transmission
of a marker raises the possibility of the presence of a
disease gene in very close proximity (51 cM) to it.
Markers showing increased transmission in the set*Correspondence: P Momigliano-Richiardi
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of multiplex families were then re-tested for true
association by TDT on independent sets of simplex
families.

The data obtained are indeed suggestive of the
presence of an MS gene in a restricted region of
chromosome 19.

Results

In a previous linkage study (D'Alfonso et al, 1999)
we analysed 67 microsatellite markers in multiplex
Sardinian (SAR1) and Continental Italian families
(ITC1). In the present study the same data were
systematically tested by TDT. In most cases no
signi®cant deviation from the expected 50/50
transmission/non transmission ratio was detected.
Ten loci had an allele (two alleles in the case of
D7S524) showing a signi®cantly increased trans-
mission ratio to affected sibs while the transmis-
sion to unaffected sibs was either non signi®cantly
distorted or was decreased (Table 1). Evidence of
association for at least four loci was strengthened
by a signi®cant (P50.05) Tsp test. The latter,
which contains a correction factor for multiple
affected sibs, offers a weighted measure of associa-
tion based on the whole allelic distribution of a
given locus (Martin et al, 1997). No attempt of
grouping low frequency microsatellite alleles was
made and P values were not corrected for number
of comparison. The likelihood that most deviations
are due to chance is therefore high. However we
intended at this stage to avoid discarding true
positives (i.e. type II errors). In order to test
whether the markers indicated in Table 1 were
truly associated, they were tested on an indepen-
dent set of 100 Sardinian (SAR2) and 54 Con-
tinental (ITC2) simplex families. On simplex
families TDT is a true association test (Spielman
et al, 1993). Ten of the 11 alleles tested failed to
maintain a signifcant positive association in either

population and also in the combined set (Table 2).
Only allele 10 at the D19S220 locus, located in
19q13.13, showed a signi®cantly increased trans-
mission (P=0.029) in the Sardinian simplex fa-
milies. A borderline signi®cance (P=0.053) was
maintained also in the combined set.

Based on this replicated result, we concen-
trated on the D19S220 region. Four other micro-
satellites were selected in close proximity of
D19S220 such as to span the region where the
presence of a putative disease gene may cause
association due to linkage disequilibrium. Since
linkage disequilibrium is normally expected with-
in a distance of less than 0.5 cM (about 0.5 Mb)
(Thompson and Neel, 1997), the microsatellites
were chosen in a range of roughly 0.5 cM
centromeric and telomeric to D19S220. The
genetic distances, based on Genethon database
(Dib et al, 1996) are shown in Table 3. They must
be considered rather tentative in this close range.
Physical distances are known between D19S224
and D19S220 (1.2 Mb) and between D19S220 and
D19S421 (about 0.3 Mb) (Ashworth et al, 1995).
The three loci D19S220, D19S876 and D19S909
are possibly at a very short distance from each
other. Signi®cant pairwise linkage disequilibria
were detected (using the Arlequin program) in the
Sardinian population between microsatellites
D19S220 and D19S876 and the other four closely
linked loci, while the more distant D19S224 and
D19S421 were not in linkage disequilibrium with
each other (data not shown).

The new markers were tested with all simplex
family sets. Moreover, since the association with
D19S220 appeared to be stronger in the Sardinian
population (Table 2) a further set of 100 Sardinian
simplex families (SAR3) was tested. The TDT
results are shown in Table 3. The telomeric marker
D19S421 did not show any trend toward positive
association and can be con®dently ruled out. Also
D19S909 is unlikely to be associated in spite of a

Table 1 Microsatellites showing a signi®cant TDT and Tsp test in multiplex families

TDT
Cytogenetic Affected sibs Unaffected sibs TSP

Chr band Locus Allele T NT P T NT P P

2

3
7

12
17
19

p11.2
p11.1
p14.3
p15.2
q11.23

q31.31
q23.2
q12
q13.13
q13.33

D2S169
D2S139
D3S1300
D7S484
D7S524

D7S523
PAH
D17S250
D19S220
D19S246

3
4

11
4
2

3 (sard)
7
3
3

10
10 (sard)

17
35
45
34
47
18
42
38
42
29
9

5
20
28
19
27
8

20
22
23
15
1

0.010
0.043
0.047
0.039
0.020
0.050
0.0052
0.039
0.018
0.035
0.011

2
13
21
8

15
6

18
17
19
14
5

5
16
20
18
22
17
16
16
10
12
3

ns
ns
ns

0.050a

ns
0.020a

ns
ns
ns
ns
ns

0.053
ns

0.034
ns

0.0095

0.036
ns

0.057
0.031

ns

Notes: Sard: results concerning only Sardinian families; ns: not signi®cant; T, NT: number of transmitted, non transmitted, alleles
(from heterozygous parents); adecreased transmission.
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signi®cant positive deviation (31/10) in set SAR2
since a negative deviation is seen in the other sets.
The other data, involving the closely linked loci
D19S220 and D19S876 and, possibly, also the more
centromeric D19S224, show a consistent trend of
increased transmission mostly in the Sardinian
population. The transmission of the corresponding
alleles to unaffected sibs was not signi®cantly
distorted.

At the D19S876 locus two alleles showed some
association. Notably, when the Sardinian data were
strati®ed according to HLA genotypes, by subdivid-
ing transmissions to patients either positive or
negative for MS-associated HLA alleles (DR3 and
DR4; Marrosu et al, 1997) allele 1 was mostly
transmitted to DR3, DR4 negative patients
(%T=86, T/NT=12/2, P=0.0075) whereas allele 6
was mostly transmitted to DR3 and/or DR4 positive
patients (%T=61, T/NT=49/31, P=0.044).

For none of the other markers considered in this
study HLA strati®cation produced any marked
deviation.

Discussion

Data of linkage and association of complex diseases
must be considered with caution. Methods like the
affected sib pair linkage analysis and TDT have
inherently low sensitivity and distinction of rele-
vant results from background noise is always a
problem, especially in screenings involving a high
number of markers. Testing many loci and for each
locus several alleles implies an impossibly high
correction factor for single probability levels. This
problem can be circumvented by testing a limited
number of markers on a second set of samples.
Associations due to chance in the ®rst sample will
almost certainly disappear and only true associa-
tions will survive. Test of additional sets of samples
and of markers located very near to the putatively
associated marker may provide a further con®rma-
tion. We applied this stepwise procedure to a large
number of MS families. Starting from a set of
microsatellites selected in `MS candidate regions'
we have collected data suggesting MS association

Table 2 Replication of the association study in two independent sets of simplex families

Sardinia Continental Italy
SAR2 ITC2 Combined setb

Locus Allele %T T/NT P %T T/NT P %T T/NT P

D2S169
D2S139
D3S1300
D7S484
D7S524

D7S523
PAH
D17S250
D19S220
D19S246

3
4

11
4
2
3
7
3
3

10
10

31
45
53
52
54
59
50
51
51
65
54

9/20
34/41
35/31
22/20
38/32
30/21
26/26
39/37
35/34
35/19
19/16

0.041a

ns
ns
ns
ns
ns
ns
ns
ns

0.029
ns

59
58
61
33
54
56
33
39
43
43
50

10/7
25/18
14/9
8/16

21/18
20/16
9/18

14/22
13/17
9/12

10/10

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

48
52
56
49
57
57
52
52
51
59
55

27/29
75/69
69/54
45/47
83/62
65/50
58/53
74/68
67/64
58/39
42/34

ns
ns
ns
ns
ns
ns
ns
ns
ns

0.053
ns

Notes: %T: transmission ratio; T, NT: number of transmitted, non transmitted, alleles (from heterozygous parents); ns: not signi®cant;
adecreased transmission; bthe combined set includes Sardinian and Continental Italian multiplex (SAR1, ITC1) and simplex (SAR2,
ITC2) families. Transmission to the index case only was considered for multiplex families.

Table 3 Association analysis in the 19q13.13 region

Continental
Sardinian families families Combined

SAR2 SAR3 SAR2+SAR3 ITC2 all setsb Unaffected sibs
Locus cM Allele %T T/NT P %T T/NT P %T T/NT P %T T/NT P %T T/NT P %T T/NT P

D19S224
D19S220
D19S876

D19S909
D19S421

0.5
0
0

0.6

6
10
1
6
8
2

71
65
77
58
76
57

17/7
35/19
10/3
33/24
31/10
29/22

0.04
0.03
0.05
ns

0.001
ns

nd
56
64
58
45
41

24/19
9/5

42/30
29/35
27/39

ns
ns
ns
ns
ns

71
60
70
58
57
48

17/7
64/43
19/8
75/54
60/45
56/61

0.041
0.040
0.034
0.059

ns
ns

50
43
33
63
24
58

5/5
9/12
1/2

19/11
6/19

11/8

ns
ns
ns
ns

0.01a

ns

65
59
67
59
51
49

22/12
82/58
20/10
94/65
66/64
67/69

ns
0.042
0.059
0.021

ns
ns

45
43
40
57
66
44

10/12
35/36

4/6
30/23
25/13
23/29

ns
ns
ns
ns

0.05
ns

Notes: ns: not signi®cant; nd: not determined; cM: genetic distance between the corresponding microsatellite locus and that indicated
on the row immediately below, from Genethon database (Dib et al, 1996). %T: transmission ratio; T, NT: number of transmitted, non
transmitted, alleles (from heterozygous parents); adecreased transmission; ball simplex families (SAR2, SAR3, ITC2). Microsatellite
D19S220 was also tested with multiplex families (SAR1, ITC1). Transmission to the index case only was considered for multiplex
families.
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for markers located in a restricted region (about
1 cM) in 19q13.13. The signi®cance levels are
mostly borderline and replication was not seen in
all family sets. However the trend toward an
increased transmission ratio to the patients was
consistent in repeated tests especially in Sardinian
families, whereas transmission to the unaffected
siblings was always decreased or ¯at.

Even keeping in mind the above cautionary
considerations, we think that there is suf®cient
ground for considering candidate genes in this
region. Among possible candidates, APOC1,
APOC2 and APOE are located at a physical distance
of about 5 Mb and TGFB1 of about 2.5 Mb,
telomeric to D19S220 (Ashworth et al, 1995). These
distances are likely too high to justify linkage
disequilibrium. We have already tested APOC2
and APOE in our families but neither linkage nor
association was detected (data not shown). However
haplotypic combinations including an APOC2
intragenic marker and closely linked microsatellite
loci were signi®cantly associated in a case-control
study performed in Caucasoid Americans (Barcellos
et al, 1997). Another appealing candidate is MAG
(myelin associated glycoprotein), thought to be
involved in the process of myelination. This gene
is located 0.7 Mb centromeric to D19S224, i.e. at a
distance range compatible with linkage disequili-
brium. No association studies with MAG have been
reported to date. Further candidate genes mapping
between MAG and D19S224 could be: GPI (glucose-
6-phosphate isomerase) which can function as a
neurotrophic factor for spinal and sensory neurons;
APLP1 (Amyloid-precursor-like protein 1) a mem-
brane-associated glycoprotein predominantly ex-
pressed in brain, whose gene is homologous to the
APP gene involved in the pathogenesis of Alzhei-
mer's disease and, interestingly, RDRC (RD114
virus receptor) a cell surface molecule used for cell
entry by the RD114/simian type D retroviruses and
baboon endogenous viruses. This gene has been
recently shown to correspond to that encoding for a
neutral amino acid transporter-like protein (Rasko
et al, 1999). Another viral receptor gene, namely
E11S (echo virus sensitivity), has also been mapped
in this region (Kaneda et al, 1987). Viral receptor
genes are appealing candidates in view of the many
data indicating the involvement of a viral infection
in the pathogenesis of MS.

Materials and methods

Families
Multiplex families from Sardinia (SAR1=28) and
from Continental Italy (ITC1=42) have already been
described in D'Alfonso et al, 1999.

Simplex families were composed by different sets:
SAR2 (n=100) and SAR3 (n=100) from Sardinia and
ITC2 (n=54) from Continental Italy (Total=324
families).

Index patients, with a de®nite diagnosis of MS,
and their relatives were recruited in the Univer-
sities of Cagliari (SAR1, SAR2, SAR3) Bari, Catan-
zaro, Chieti, Florence and Rome (ITC1, ITC2).

Genomic typing
Following informed consent, DNA was extracted
from peripheral blood by standard techniques.

PCR products of the 10 selected microsatellites
were run on 6% polyacrylamide denaturing gel as
already described (D'Alfonso et al, 1999). Allele
standardisation and control of family segregation
were performed using the GAS package version 2.0
(Alan Young, Oxford University, 1993 ± 95).

HLA-DRB1 typing was performed by the Se-
quence Speci®c Primer (SSP) technique (Dynal DR
low resolution SSP; Dynal, Oslo, Norway) and by
the sequence speci®c oligonucleotide (SSO) techni-
que according to the XII Histocompatibility Work-
shop protocol.

Statistical analysis
Transmission Disequilibrium Test (TDT, Spielman
et al, 1993) was used as a test of linkage when
transmissions to all affected siblings of multiplex
families were considered. As a test of association,
transmission to index cases only was scored. Allelic
association in multiplex families was also evaluated
by Tsp (Martin et al, 1997). This statistic is more
powerful than TDT to probands only, as it allows to
use all affected individuals. Calculations were
made using software written by Frank Dudbridge
(available by anonymous ftp from ftp-gene.cimr.
cam.ac.uk, directory/pub/software).

Arlequin (freely available from http://anthropo-
logie.unige.ch/arlequin was used to assess pairwise
linkage disequilibrium between markers d19s224,
d19s220, d19s876, d19s909 and d19s421.
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