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Abstract
A possible role of allelic variation on chromosome 19q13 in multiple sclerosis (MS) susceptibility
has been suggested. We tested association of sixteen 19q13 markers with MS in 459 families.
Nominally significant associations were tested in an independent set of 323 families as well as in
the pooled set of 782 families. We were not able to confirm previously suggested associations
with APOE, GIPR, ZNF45, ILT6 and D19S585. In the screening dataset nominally significant
associations were found with D19S867 and with APOE haplotype (p=0.007 in both), but these
were not replicated in the independent dataset nor in the pooled analysis of 757 families. Thus, we
were not able to detect any statistically significant allelic associations. Re-sequencing based
approaches may be required for elucidating the role chromosome 19q13 with MS.
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1. Introduction
Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system
resulting in demyelination and axonal damage (Compston and Coles, 2002). Its etiology is
still unclear, but both genetic and environmental factors have been shown to be involved.
Multiple genes, still mostly unknown, are likely to modify disease susceptibility. The most
consistent genetic finding thus far is the association between MS and the HLA-DR15,DQ6
haplotype (Olerup and Hillert, 1991; Lincoln et al., 2005; Hafler et al., 2007). Other loci
have been more difficult to detect, but recently associations with a small number of genes
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have been replicated in more than one population, such as protein kinase C alpha (PRKCA)
(Barton et al., 2004; Saarela et al., 2006), IRF5 (Kristjansdottir et al., 2008), EVI5 (Hafler et
al., 2007; Hoppenbrouwers et al., 2008), the interleukin 2 and 7 receptor alpha chain genes
respectively (IL2RA and IL7RA) (Zhang et al., 2005; Gregory et al., 2007; Hafler et al.,
2007).

Chromosome 19q13 is one of the genomic regions that reportedly exhibits clustering of
predisposing loci in several putative autoimmune diseases (Becker et al., 1998). In systemic
lupus erythematosus 19q13 has been suggested, based on linkage studies, as a susceptibility
locus in European Americans (Xing et al., 2007). In MS the situation is presently
ambiguous. There are several reports providing weak evidence for an MS susceptibility gene
on 19q13, but there is lack of replication (especially in allelic associations), and the signals
have been scattered in distinct subregions of 19q13. A meta-analysis of linkage screens
identified 19q13 as one of the most interesting non-HLA loci (Wise et al., 1999). In our
previous study in Finnish multiplex families we obtained weak linkage evidence for the
19q13.1 subregion (Reunanen et al., 2002). Here we have performed a larger follow-up
study to test, via allelic association, whether we are able to obtain evidence for an MS
susceptibility locus in 19q13.

2. Materials and methods
2.1. Families

In association analyses two independent Finnish MS family datasets were used. Datasets
contained nuclear families with an MS index case diagnosed as clinically definite or
laboratory supported definite MS according to Poser criteria. The patients included both
relapsing-remitting and primary progressive MS cases.

Dataset-1 consisted of 459 MS trio families. The patients were ascertained in the University
Central Hospitals of Helsinki (n = 130), Turku (n = 139), Tampere (n = 13), Kuopio (n =
62), and Oulu (n = 13), as well as in Seinäjoki Central Hospital (n = 102). Twelve of the
families contained multiply affected offspring, in these cases the oldest affected sibling was
chosen for association analysis. Patients mean year of birth was 1959 (range 1934-1983),
female:male ratio 2.4 and the percentage of HLA-DR15-positive patients 57%.

Dataset-2 consisted of 323 MS trio families. The patients were ascertained in the University
Central Hospitals of Helsinki (n = 109), Tampere (n = 89), Kuopio (n = 17), and Oulu (n =
60), as well as in Seinäjoki Central Hospital (n = 35). Patients mean year of birth was 1959
(range 1943-1982), female:male ratio 2.3 and the percentage of HLA-DR15-positive
patients 58%.

Case-control association analysis was carried out for APOE and ILT6 to complement the
family-based analysis. For the APOE analysis the controls constituted two non-selected
population based cohorts of individuals from Southern Finland, previously genotyped for the
APOE markers (Strandberg et al., 1996; Eriksson et al., 2001). For the ILT6 association
analysis we genotyped 207 controls. These controls consisted of non-parkinsonian spouses
of Parkinson disease patients collected in Helsinki University Central Hospital (n = 96) and
Seinajoki Central Hospital (n = 41) (Eerola et al., 2003) as well as a sample of thymus
specimen (n = 70) obtained in Helsinki University Central Hospital, Children’s Hospital
from cardiac surgery of infants. Parts of thymus often need to be removed for technical
reasons, normally these are discarded. We have collected these specimens to analyse the
effect of common allelic variation on thymic mRNA expression. The thymus specimens
were obtained without any personal identifications. This study has been approved by the
Ethics Committee for the Department of Neurology, Helsinki University Central Hospital
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(Decision 63/1999) and has been updated by the Ethics Committee for Ophthalmology,
Otorhinolaryngology, Neurology and Neurosurgery in the Hospital District of Helsinki and
Uusimaa. (Decision 46/2002, Dnro 192/E9/02).

2.2. DNA analysis
DNA was extracted from peripheral blood leukocytes using standard procedures. The
microsatellites D19S876 and D19S585 and their genotyping protocols were obtained from
the genome database (http://gdbwww.dkfzheidelberg.de/). The microsatellites D19S1175
and D19S610 (Kestila et al., 1998), D19S400, D19S582 and ATP1A3 (Reunanen et al.,
2002) and their genotyping protocols were obtained as described. Autoradiography of the
polyacrylamide gels using [33P-a] dATP was used for microsatellite genotyping.

Two candidate genes TYRO protein tyrosine kinase binding protein/DNAX-activation
protein 12 (TYROBP/DAP12, here called DAP12) and Homo sapiens hematopoietic cell
signal transducer/DNAX-activation protein 10 (HCST/DAP10, here called DAP10) were re-
sequenced. These genes are located close to the marker D19S1175 that provided a lod score
of 1.8 in our previous study (Reunanen et al., 2002). We re-sequenced the proband of a
multiplex family that individually contributed a lod score of 0.95. Of the DAP12 gene (5
exons), we sequenced 640 bp of the promoter, exons 1-4, introns 1-3, 152 bp of the distal
intron-4 and the 140 bp of the proximal part of exon-5 (the 3′ untranslated region not fully
sequenced). Of the DAP10 gene we sequenced 89 bp of the promoter, exons 1-3, introns 1-3
and 91 bp of the proximal part of exon-4 (the 3′ untranslated region not fully sequenced). Of
the DAP10 gene (4 exons) we sequenced 89 bp of the promoter, exons 1-3, introns 1-3 and
91 bp of the proximal part of exon-4 (the 3′ untranslated region not fully sequenced). By re-
sequencing no single nucleotide polymorphism (SNPs) were found in the DAP10 gene,
whereas three non-coding SNPs were found in the DAP12 gene. These were located in the
promoter (A->G at −493 bp from exon-1), in the exon-15′-untranslated region (G->A at
position +32) and intron-1 (A->T at position 249 of intron-1). The heterozygocity for these
SNPs rules out the deletion implicated in polycystic lipomembranous osteodysplasia with
sclerosing leukoencephalopathy (PLO-SL), a rare recessively inherited disorder with
degeneration of brain white matter and bones (Paloneva et al., 2000). A more detailed
analysis of PLO-SL mutations is reported in a separate manuscript, in which both of the two
genes implicated in PLO-SL (TREM2 on chromosome 6p21 and DAP12 on 19q13) have
been analysed by mutation screening (Sulonen et al., 2008).

The promoter (DAP12/StyI) and exon-1 (DAP12/HaeIII) SNPs found by re-sequencing
were included to the association analysis. The other SNPs were obtained from the SNP
homepage (http://www.ncbi.nlm.nih.gov/SNP/) or previous publications. The SNPs were
amplified by PCR and genotyped by restriction enzyme digestion and agarose or by solid-
phase minisequencing (Syvanen, 1999). The following primers were used: rs1371624 5-aaa
tgg gtg att caa tac ag-3 and 5-ctt tat ttt taa tgg aat ata c-3 (minisequencing primer: 5-aca gag
ggc tgc cag aag gg-3). rs3977: 5-cat aga aat gga aag cag gtg tag-3 and 5-gga agt aag tat tag
cca gag gag-3 (detection with HaeIII). Rs2396449: 5-cat tag gcg gtt ggt tac ac-3 and 5-acg
caa cat agg cca cat ac-3 (minisequencing primer 5-ttt gcc taa gcc aga tgt tt-3). rs1456554: 5-
cat cgg agt gtt acc tta cc-3 and 5-tgc ctc cag tat gag tgt ag-3 (minisequencing primer: 5 ttc ttg
agg aga cct ttt cc). rs917314: 5-gat caa gac agc ggt aga ag-3 and 5-gta cct cca cca ctt act tg-3
(detection with SspI). DAP12/StyI: 5-gac cct ggt cta gga act tta a-3 and 5-tta aca gga ggg tca
gtg tc-3. DAP12/HaeIII: 5-ctc aga ctt cct cct tca ct-3 and 5-ccc taa ctc acc act tac ag-3.
PVRL2 (rs394221): 5-tgg aag gcg gcc aca ttc tg-3 and 5-tct cca cct aga ccc act tg-3
(detection with SphI). GIPR (rs 1800437): 5-cgc att ctt ggc att ctc ct-3 and 5-att cag tgg ctg
cac cag ag-3 (minisequencing primer: 5-cac ggg agc aaa cac cac ct-3). ZNF45 (rs 388706):
5-agc tct tgc cac atg cat tg-3 and 5-tgg gaa aag ctc aca ttg tc-3 (minisequencing primer: 5-
aca ctt ata tgg ttt ctt tcc ag-3). The primers for the SNPs APOE-219, APOE+113 and APOE
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ε were obtained from previous publication (Reunanen et al., 2002) and the detection of the
ILT6 deletion was performed as described (Koch et al., 2005). None of the markers deviated
from Hardy-Weinberg equilibrium (p>0.05 for all markers). The genotyping success was
>95% for all markers. All markers were in Hardy-Weinberg equilibrium at p>0.05.

2.3. Statistical analysis
We applied the transmission disequilibrium test (TDT) (Spielman et al., 1993) to analyse
whether allelic association between MS and chromosome 19q13 markers could be found.
The genotype data was analysed using the TRANSMIT 2.5.2 computer program package
(Clayton, 1999). Alleles that were included to the association analysis had to be transmitted
from at least 20 informative meioses, corresponding to the Var (O-E) value of 5 or more in
the TRANSMIT analysis. In case-control association analysis the haplotype frequency
estimation was performed using the expectation-maximisation algorithm as implemented in
the HAPLO program (ftp:krunch.edu.etc.). Association analyses were carried out in the total
material and in subgroups according to the patients’ carriage status of HLA-DR15 and
according to the geographic origin of patients’ parents. The DR15 subdivision was based on
prior observations that linkage evidence on 19q13 differed in DR15 positive and negative
families (Green et al., 2001; Pericak-Vance et al., 2004; Reunanen et al., 2002). Subdivision
on geographic origin was based on our previous observations on genetic founder effect in
MS patients originating from the Southern Ostrobothnian high-risk region in Western
Finland (Sumelahti et al., 2000; Pihlaja et al., 2003; Tienari et al., 2004). If at least one of
the parents were born in this high-risk region, the family was included to the subgroups
denoted here as Bothnia. Using the dataset-1 with 459 MS trio families we have
approximately 80% power to detect a dominant predisposing variant with an odds ratio of
1.5 (marker and disease allele frequencies set to 0.20, D’ value 1.0). With lower disease
allele frequencies the power decreases. With disease allele frequencies of 0.10, 0.05 and
0.01, the power is 72%, 52% and 17%, respectively. Power in the TDT was estimated using
the Genetic Power Calculator (http://pngu.mgh.harvard.edu/~purcell/gpc/).

3. Results
We analysed association of 19q13 marker with MS in 459 Finnish MS trio families using the
transmission disequilibrium test (TDT). We tested 16 markers, 10 single nucleotide
polymorphisms (SNPs) and 6 microsatellites (Fig. 1). The three APOE SNPs were analysed
both singly and as 3-marker haplotypes. Two of the markers showed a nominally significant
association with MS. The microsatellite D19S876 on 19q13.1 subregion, and APOE
haplotype on 19q13.2 subregion both showed a nominal allele-wise p=0.007 for association
with MS with (Fig. 1). Due to multiple comparisons these associations cannot be regarded as
statistically significant.

Subgroup analysis in Bothnia (n=94) and non-Bothnia families (n=365) (see Materials and
methods: Section 2.3) did not reveal any nominally significant associations in either
subgroup (data not shown). Subgroup analysis according to the presence or absence of
HLA-DR15 in the patients showed that the association signal for the microsatellite D19S876
slightly strengthened in DR15-negative families (p=0.002).

We re-sequenced two candidate genes, DAP12 and DAP10, of the 19q13.1 region in the
proband of the multiplex family that contributed mostly to the lod score of 1.8 with
D19s1175 (Reunanen et al., 2002). No insertions/deletions or non-synonymous substitutions
were found. Three SNPs were found (at the promoter, exon-1, intron-1) in the DAP12 gene
(see more details in Materials and methods: Section 2.2). The DAP12 promoter and exon-1
SNPs were included in the above analysis and did not provide any evidence for allelic
association.
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ILT6 null alleles on 19q13.4 were also tested in case-control setting in addition to TDT.
ILT6 deficiency (−/− genotype) has been found in increased frequency in German MS
patients (7.1%) vs. controls (3.8%) (Koch et al., 2005). The frequency of the −/− genotype
was 14.0% in MS patients, 14.0% in the parents of MS patients and 11.6% in the controls
(MS patients vs. controls p=0.34), indicating no association between ILT6 deficiency and
MS susceptibility.

D19S876 microsatellite and APOE haplotypes have been previously associated with MS but
the associated alleles were different than in the present study (D’Alfonso et al., 2000;
Schmidt et al., 2002). Both association signals, we obtained, were negative association
(under-transmission of the associated allele/haplotype). The APOE haplotype association
was mainly due to the under-transmission of −219T/+113C/ε3 haplotype to MS patients.
Interestingly, the same APOE haplotype has been previously associated with protection
against Alzheimer’s disease in Finns (Myllykangas et al., 2002). In order to further verify
thesefindings, we analysed these markers in another independent dataset of 323 MS
families. The association with D19S876 was not replicated (Table 1A). When the two
datasets were pooled the association was of borderline nominal significance (p=0.05, Table
1A), while subpopulation analysis according to DR15 stratification yielded p=0.03 in DR15-
negative and p=0.17 in DR 15-positive families. However, due to the number of
comparisons made, the obtained nominal p-values cannot be regarded statistically
significant. The APOE haplotype association was not replicated either (Table 1B).
Furthermore, APOE haplotype analysis in case-control setting in 737 MS patients and 1156
controls did not provide any evidence for an association (Table 1B).

4. Discussion
Chromosome 19q13 has provided evidence for a genetic effect in MS repeatedly (Table 2).
In our earlier linkage study, we obtained a LOD score of 1.8 in DR15-negative multiplex
families, peaking at the marker D19S1175 on 19q13.1 (Reunanen et al., 2002). The 19q13.1
subregion has also been suggested in an association study, in which the microsatellite
marker D19S876 was associated with MS in continental Italian patients (D’Alfonso et al.,
2000). Here, we were not able to detect statistically significant allelic association with
D19S1175, D19S876 or other 19q13.1 subregion markers with MS. The subregion 19q13.2
has been suggested by allelic associations with markers within or close to APOE (Barcellos
et al., 1997; Schmidt et al., 2002; Burton et al., 2007) and by linkage evidence (Pericak-
Vance et al., 2001). In our previous analysis (Reunanen et al., 2002) we analysed
microsatellite markers of 19q13.2, which did not associate with MS. Here, we carried out a
larger study to analyse the APOE locus more thoroughly but, again, did not find any
evidence for a significant allelic association. The 19q13.4 subregion has been suggested by
two studies. In a German study a null allele of ILT6 was associated with MS, and a British
study utilising pooled DNA provided signal at the microsatellite D19S585 (Koch et al.,
2005; Yeo et al., 2003).

In the present study, utilising 459 Finnish MS families in screening and 782 in thefinal
analysis, we did not find statistically significant evidence for allelic association with any of
the markers tested. Although the statistical power might not be enough for detecting very
small effects, it has to be noted that due to the characteristics of the Finnish population, the
statistical power is at a much higher level than the number of families reveals. The Finnish
population has a relatively small number of founders and has remained relatively isolated for
centuries (Peltonen et al., 2000). This type of populations poses certain advantages in
genetic association studies. First, there is higher level of linkage disequilibrium. This has
been exemplified by the finding that the r2 measure of LD between SNPs that are more than
200 kb apart has been shown to be 4.7-fold greater in the Finnish population compared to
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the CEPH population (Shifman and Darvasi, 2001). Second, there is less genetic
heterogeneity and polymorphism in an isolated population. For the Finnish population
reduced genetic heterogeneity has been confirmed by the reduced number of polymorphic
SNPs: 13% of SNPs which were polymorphic in the CEPH families were non-polymorphic
in the Finns (Taillon-Miller et al., 2000). As the result of the above points, we can anticipate
that there is less polymorphism among the Finns (less allelic heterogeneity), fewer causative
loci (less locus heterogeneity) and more LD, all increasing the power of the present study.

The putative MS susceptibility locus on chromosome 19q13 remains elusive. Our present
results indicate that the indirect approach (via allelic association) for the detection of the
disease predisposing variants might be of limited value. There is more consistency in the
linkage results (the majority of the studies are modestly positive) than in the association
results. Association studies, including high-density genome-wide association studies, are
well suited, when a relatively common major allele underlines the disease risk (as is the case
with HLA-DR15,DQ6 haplotype in MS). The situation is likely to be more complex, if there
are multiple predisposing variants in a gene (allelic heterogeneity), either common or rare,
or if multiple genes within the same region are involved. Re-sequencing-based approaches
are probably needed to complement linkage and association studies, in order to clarify the
role of 19q13 in MS susceptibility.
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Fig. 1.
Association of chromosome 19q13 markers with MS. The most significant allele-wise (1 df)
chi-square values are shown. Known genes of the regions are positioned in the figure as
landmarks. The markers were genotyped in 459 MS trio families, except ILT6, GIPR, and
ZNF45, which were genotyped in 186 families. Linkage disequilibrium (LD) between pairs
of SNP markers was analysed with Haploview program. Lod score ≥3 was used as criterion
for significant LD. Microsatellite-microsatellite and microsatellite-SNP LD was analysed by
comparing the observed haplotype distribution in fully informative families to the
distribution expected on the basis of marker allele frequencies using the χ2 test. The p-value
p<0.001 was used as criterion for significant LD. In the 19q13.1 subregion all the markers
exhibited significant LD except the markers pairs SNX26/DAP12-StyI and DAP12-StyI/
DAP12-HaeIII (data not shown). In the 19q13.2 subregion the APOE SNPs were the only
markers that showed significant LD with each other, and 19q13.3-q13.4 subregion markers
were not in significant LD (data not shown). There was no LD between the subregions.
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Table 1

Association of marker d19s876 and −219/+113/APOE haplotype with MS

Allele Allele Transmit Transmit Transmit

Frequencya (1df) p-value (1df) p-value (1df) p-value

(n=733 families) Dataset-1 (n=418 families) Dataset-2 (n=315 families) Pooled (n=733 families)

A) Family-based association analysis of marker D19S867

1 0.006 na na na

2 0.010 na na 0.69

3 0.034 0.85 0.77 0.91

4 0.112 0.84 0.06b 0.32

5 0.236 0.007b 0.86 0.05b

6 0.331 0.24 0.67 0.31

7 0.219 0.27 0.39 0.12

8 0.014 0.48 0.82 0.54

11 0.035 0.96 0.34 0.51

Global p=0.43 (12df) Global p=0.57 (10df) Global p=0.45 (12df)

B) Family-based association analysis of APOE haplotypes

Haplotype Haplotype frequency1 Transmit Transmit Transmit

(n=753 families) (1df) p-value (1df) p-value (1df) p-value

Dataset-1 (n=440 families) Dataset-2 (n=317 families) Pooled (n=753 families)

G-G-ε2 0.053 0.07c 0.78c 0.11c

G-C-ε2 0.001 na na na

G-G-ε3 0.474 0.58 0.86 0.74

T-G-ε3 0.008 na na na

G-C-ε3 0.004 na na na

T-C-ε3 0.280 0.007b 0.30b 0.22b

G-G-ε4 0.032 0.21 0.51 0.13

T-G-ε4 0.149 0.11 0.55 0.37

Global p=0.03 (7df) Global p=0.64 (9df) Global p=0.08 (9df)

C) Case-control association analysis of APOE haplotypes

Haplotype MS patients % Controls %

(n=737d) (n=1156)

G-G-ε2 0.059 0.062

G-C-ε2 0 0

G-G-ε3 0.478 0.447

T-G-ε3 0.006 0.004

G-C-ε3 0.005 0.003

T-C-ε3 0.271 0.295

G-G-ε4 0.022 0.022
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C) Case-control association analysis of APOE haplotypes

Haplotype MS patients % Controls %

(n=737d) (n=1156)

T-G-ε4 0.157 0.161

Global p=0.16 (8df)

a
The haplotype frequency estimate in parental chromosomes.

b
Under-transmission.

c
Over-transmission.

d
Only patients with 100% complete genotype information were included.
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