Acta Derm Venereol (Stockh) 1999; 79: 41-43

Further Evidence of Genetic Homogeneity in Sjogren-Larsson

Syndrome

M. PIGG', I. ANNTON-LAMPRECHT?, C. BRAUN-QUENTIN?, K.-H. GUSTAVSON' and C. WADELIUS!

!Department of Genetics and Pathology, Unit of Clinical Genetics, University Hospital, Uppsala, Sweden, *Institute for Ultrastructure Research
of the Skin, Department of Dermatology, University of Heidelberg, Heidelberg, Germany and > Institute for Human Genetics, University of

Erlangen-Nurnberg, Erlangen, Germany

Sjogren-Larsson syndrome is an autosomal recessive disorder
characterized by congenital ichthyosis, spastic di- or tetraple-
gia and mental retardation. In 1994 Sjogren-Larsson syn-
drome was mapped to chromosome 17, close to the genetic
marker D17S805 in a study of 24 Swedish families. We have
analysed 12 microsatellite markers in 10 additional non-
Swedish families with Sjogren-Larsson syndrome originating
from Germany, Lebanon, Spain and Canada. The results are
consistent with earlier data and give further evidence of Sjo-
gren-Larsson syndrome being a homogeneous disorder. Swed-
ish soldiers were bivouacking in Germany during the 30-year
war in the 17th century and it has been suggested that they
could have introduced the Sjogren-Larsson syndrome gene to
the German population. Haplotypes from 7 German families
with Sjogren-Larsson syndrome were compared with earlier
analysed Swedish haplotypes. No evidence of all German
patients carrying the same mutation or the major “Swedish
Sjogren-Larsson syndrome gene” was found. Key words:
linkage analysis; allele association; German families.
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Sjogren-Larsson syndrome (SLS) (MIM 270 200) is an auto-
somal recessive disorder with complete penetrance. SLS is
characterized by congenital ichthyosis, spastic di- or tetra-
plegia, mental retardation (1) and glistening white dots in the
fundus of the eye (2, 3). Many SLS patients also exhibit other
features, such as epilepsy, kyphoscoliosis, short stature, speech
defects and defective development of the dental enamel (4).
SLS has been reported worldwide (5—7) but is of an unusually
high incidence in the Northern part of Sweden, in the counties
of Visterbotten and Norrbotten. The majority of the Swedish
patients can be traced to three large pedigrees dating back to
the 17th century (8).

Previously the SLS gene was mapped to chromosome 17
using 24 Swedish SLS families. Several microsatellite markers
located pericentromerically on chromosome 17p showed link-
age to the disease gene. Meiotic recombinations showed that
the gene is flanked by the markers D17S805 and D17S783 (9).
Strong allelic association was found to allele 3 of the marker
D17S805. This indicated that the SLS mutation was introduced
into the population on a chromosome carrying allele 3 at
D17S805 and this relationship has been maintained since the
founding in the 13th century. It has also been suggested (10)
that SLS patients from the North of Bavaria in Germany could
carry the “Swedish SLS mutation”. Swedish soldiers were
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bivouacking in Germany during the 30-year war in the 17th
century and could have introduced the SLS gene to the German
population. Previously linkage to the same locus on chromo-
some 17 was shown in non-Swedish SLS families (11, 12)
indicating genetic homogeneity.

Earlier fatty aldehyde dehydrogenase (FALDH) has been
suggested as the defective enzyme causing SLS, based on
enzyme measurements in cultured skin fibroblasts from SLS
patients (13). Recently the FALDH cDNA was cloned and
mapped to the SLS locus on chromosome 17 and mutations in
3 unrelated patients were shown (14).

In order to confirm previous evidence of SLS being a geneti-
cally homogeneous disorder and to test the hypothesis of a
common origin of Swedish and German SLS families, we
performed linkage analysis and haplotype analysis in 10
non-Swedish SLS families.

Allele association was determined in the German families
for all markers tested.

MATERIALS AND METHODS

Subjects

The subjects comprised 10 families, 35 individuals of whom 15 were
affected with SLS. One family originated from Canada, 1 from Spain,
1 from Lebanon and 7 from Germany. Five families had 2 affected indi-
viduals and the other 5 families had 1 affected person. In 1 of the Ger-
man families the 2 affected persons were first cousins. In the remaining
families of German origin there was no proof of consanguinity. All
patients included in the study showed the typical symptoms of SLS:
mental retardation, spastic di- or tetraplegia and congenital ichthyosis.
Some of them also exhibited kyphoscoliosis and short stature. One of
the German families has been reported earlier (5).

The study was approved by the Ethics committee of Uppsala
University, Sweden.

DNA analysis

DNA was extracted from white blood cells using standard procedures.
Microsatellite markers were analysed as described (9). All primers were
purchased from Genset (Paris, France) and the primer sequences were
as published previously (15, 16).

Linkage and haplotype analysis
Family members were typed with microsatellite markers which were
previously shown linked to the SLS locus: D17S805, D17S959,
D17S842 and D17S689 (9, 11). Eight additional markers close to the
previous linked markers were also tested: D17S1871, D17S1824,
D17S1873, D17S1878, D17S1863, D17S1880, D17S696 and D17S620
(15, 16). The marker alleles were compared with reference alleles when
possible. Linkage analysis was calculated using the Linkage package
(17) on a SUN Spark station 5 and the gene frequency was set at
0.001. Allele frequencies for the markers were as published.
Homogeneity was tested using the HOMOG programs (18) and
allele associations were determined by the chi-square method.
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Fig. 1. Four-point analysis around the SLS locus in 10 non-Swedish
families.

RESULTS
Linkage analysis

Two-point linkage analysis showed a significant linkage
between two of the tested markers, D17S1871 (Z=3.01,
©®=0.00) and D17S1824 (Z=3.08, ®=0.00) vs. SLS. The
other 10 markers showed positive Lod scores (Z=0.76-2.68,
®=0.00) but not at a significant level, probably due to less
genetic information in the tested families. Multi-point linkage
analysis was limited to 4-point analysis by the computing capa-
city. Maximum Lod score in the multi-point analysis was 3.44
with the markers D17S1871, D17S1824 and D17S1880 (Fig. 1).
HOMOG gave no evidence of locus heterogeneity. In the
German families a significant allele association was found only
to the marker D17S1878, allele 3 (»p =0.009).

Haplotype analysis

‘When combining our data with previously published data (9, 11,
15, 16), the most probable haplotypes were constructed: p-tel
D17S689, D17S696, D17S1871, D17S805/D17S842/D17S959,
D17S1824, D17S1878, D17S1873, D17S1863, D17S1880 and
D17S620 p-cen. None of the markers tested showed recombi-
nations, except for D17S689.

German families

Four parents in 3 families shared the same SLS haplotype in all
markers tested, a fifth parent shared a part of the same haplo-
type (D17S689, D17S696, D17S1871, D17S805, D17S842,
D17S959) but more centromeric markers were different. Two
parents from 2 other families shared a different SLS haplotype.
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Table 1. Haplotypes in the Sjogren-Larsson syndrome locus
of Swedish families investigated in earlier studies and of non-
Swedish families investigated in the present study

Swedish haplotypes = Non-Swedish haplotypes

Marker C GG GGGGULS
DI7S805 3 1 5 7 6 5 551 1 1 1 1 55
DI17S842 3 3 3 3 3 6 33 1 1 3 3 3 13
D17S959 4 4 4 4 4 4 4 4 5 6 4 5 6 51
Total 39 3 3111 2 4 5 2 1 1 1 2 2

G=German families, C=Canadian family, L=Lebanese family,
S =Spanish family.

In 1 family, the 2 affected individuals were first cousins and
they shared exactly the same homozygous haplotype except
for the marker D17S620. Four German haplotypes for the pre-
viously closest linked markers D17S805, D17S842, D175959
were the same (Table I) as seen in 6% of the previously tested
Swedish SLS families (9). One additional German haplotype
was shared with another 6% of previously tested Swedish
families. The remaining German haplotypes were not seen in
the Swedish SLS population (Table I).

Other families

In the Lebanese family both affected individuals shared identi-
cal haplotypes and were homozygous for 7 of the 12 markers
tested. In the Spanish family both affected individuals shared
identical haplotypes and were homozygous for all of the mar-
kers tested except 2. In the Canadian family both affected indi-
viduals shared identical haplotypes and were homozygous for
11 of 12 markers tested. However, the Canadian family shared
a common haplotype with 2 of the German families and with
6% of the earlier tested Swedish SLS population (Table I).

DISCUSSION

After the initial study showing linkage to chromosome 17 mar-
kers vs. SLS in 24 Swedish families (9), linkage to the same
markers in non-Swedish families has been shown (11, 12). In
this study we provide further evidence of SLS being a geneti-
cally homogeneous disorder by linkage analysis in 10 non-
Swedish families not earlier investigated. Haplotype analysis
showed that all patients were homozygous for the closest
linked markers and many patients showed homozygosity for
almost the complete haplotype. The results indicate a high
degree of consanguinity, that the patients are homozygous for
one mutation and that there are different mutations in different
families. Genetic heterogeneity was not seen with the HOMOG
program.

The hypothesis that German SLS patients from the north of
Bavaria could be caused by a “Swedish SLS mutation” was
tested by comparing the haplotypes in all German families
with earlier investigated Swedish families (9). There were no
indications for the German SLS families carrying the major
“Swedish SLS gene” (Table I).

Allele 3 for the marker D17S805 did not co-segregate with
SLS in the German families, but showed a very strong allele
association with SLS in the Swedish families (9). However, 2
of the German families and the Canadian family, shared a



haplotype with that seen in 6% of the Swedish SLS population.
One additional German haplotype was shared with another 6%
of previously tested Swedish families and a common origin
could not be excluded in these families. Since these haplotypes
occur fairly frequently in the normal population, the assump-
tion of identical mutations has not been proven. The most com-
mon Swedish SLS mutation has been characterized (19, 20) and
it was found also on chromosomes from 2 German cases. The
present study, however, indicates that this mutation is not a
common cause of the disease in the German population.
Rather the study suggests a few different mutations in the Ger-
man population. Even though the FALDH gene that causes
SLS has been mapped (9, 14) and mutations have been reported
(14, 19, 20), the benefit of linkage analysis is still obvious for
detection of carriers of the gene, and for prenatal diagnosis in
SLS families where the mutation is not yet known.

ACKNOWLEDGEMENTS

We are grateful to the families for their co-operation and to physicians
for referring families. This work was supported by the Swedish Medical
Research Council, the Sdvstaholm and Gillbergska foundations.
Markus J. Koisti is thanked for help with multi-point linkage analysis.

REFERENCES

1. SjogrenT, Larsson T. Oligophrenia in combination with congenital
ichthyosis and spastic disorders. Acta Psychiatr Scand 1957; 32: 1 —
113.

2. Theile U. Sjogren-Larsson syndrome: oligophrenia-ichthyosis-
di/tetraplegia. Humangenetik 1974; 22: 91 - 118.

3. Jagell S, Polland W, Sandgren O. Specific changes in the fundus
typical for the Sjogren-Larsson Syndrome. An ophthalmological
study of 35 patients. Acta Ophthalmol Copenh 1980; 58: 321 — 330.

4. Richards BW. Sjogren-Larsson syndrome. In: Winken PJ,
Bruyn GW, eds. Handbook of clinical neurology. North-Holland
Publ Co., 1972; 13: 468 —482.

5. Greither A. Uber das Syndrom: Ichthyosis congenita, Schwach-
sinn und spastische Stérungen vom Typ der Littleschen Krankheit.
Hautarzt 1959; 10: 403 —408.

6. Sayli BS, Erureten I, Topuz U. Sjogren-Larsson syndrome in a
Turkish family. J Med Genet 1969; 6: 352—-353.

7. Theile U, Jensen M. The Sjogren-Larsson syndrome. A case report.
Humangenetik 1973; 17: 155-159.

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

Genetic homogeneity in Sjogren-Larsson syndrome 43

Jagell S, Gustavson K.-H, Holmgren G. Sjogren-Larsson
Syndrome in Sweden, A clinical, genetic and epidemiological
study. Clin Genet 1981; 19: 233 -256.

. Pigg M, Jagell S, Sillen A, Weissenbach J, Gustavson K-H,

Wadelius C. The Sjogren-Larsson Syndrome gene is located close
to D17S805 as determined by linkage analysis and allelic associa-
tion. Nature Genet 1994; 8: 361 —436.

Gustavson K-H, Jagell S, Pigg M, Wadelius C. From rune stones to
genes. The cause of Sjogren-Larsson syndrome is encircled. Liakar-
tidningen 1995; 92: 2748 —2750. (In Swedish).

Rogers GR, Rizzo WB, Zlotogorski A, Hashem N, Lee M,
Compton JG, Bale SJ. Genetic homogeneity in Sjogren-Larsson
Syndrome: Linkage to chromosome 17p in families of different
non-Swedish ethnic origins. Am J Hum Genet 1995; 57: 1123 -
1129.

Lacour M, Middleton-Price HR, Harper JI. Confirmation of link-
age of Sjogren-Larsson syndrome to chromosome 17 in families of
different ethnic origins. J Med Genet 1996; 33: 258 —259.

Rizzo WB, Craft DA. Sjogren-Larsson syndrome: deficient activity
of the fatty aldehyde dehydrogenase component of fatty alcohol:
NAD * oxidoreductase in cultured fibroblasts. J Clin Invest 1991;
88: 1643 -1648.

De Laurenzi V, Rogers GR, Hamrock DJ, Marekov LN, Steinert
PM, Compton JG, et al. Sjogren-Larsson syndrome is caused by
mutations in the fatty aldehyde dehydrogenase gene. Nature Genet
1996; 12: 52-57.

Gerken SC, Albertsen H, Elsner T, Ballard L, Holik P, Lawrence E,
et al. A strategy for constructing high-resolution genetic maps of
the human genome: A genetic map of chromosome 17p, ordered
with meiotic breakpoint-mapping panels. Am J Hum Genet 1995;
56: 484 —499.

Dib C, Fauré S, Fizames C, Samson D, Drouot N, Vignal A, et al.
A comprehensive genetic map of the human genome based on
5,264 microsatellites. Nature 1996; 380: 152—154.

Ott J. A computer program for linkage analysis of general human
pedigrees. Am J Hum Genet 1976; 28: 528 —529.

Ott J. The HOMOG programs. Columbia University, 1992.

Sillen A, Jagell S, Wadelius C. A missense mutation in the FALDH
gene identified in Sjogren-Larsson syndrome patients originating
from the northern part of Sweden. Hum Genet 1997; 100: 201 —
203.

De Laurenzi V, Rogers GR, Tarcsa E, Carney G, Marekov L, Bale
SJ, et al. Sjogren-Larsson syndrome is caused by a common
mutation in northern European and Swedish patients. J Invest
Dermatol 1997; 109: 79 —83.

Acta Derm Venereol (Stockh) 79



