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Marinesco-Sjogren syndrome (MSS), first described in 1931, is an autosomal recessive condition
characterised by somatic and mental retardation, congenital cataracts and cerebellar ataxia. Progressive
myopathy was later reported to be also a cardinal sign of MSS, with myopathic changes on muscle
biopsies. Hypergonadotrophic hypogonadism and skeletal deformities related to pronounced hypotonia
were also reported. The major differential diagnosis of MSS is the syndrome defined by congenital
cataracts, facial dysmorphism and peripheral neuropathy (CCFDN), which is localised to 18qter. Using
homozygosity mapping strategy in two large consanguineous families of Turkish and Norwegian origin,
respectively, we have identified the MSS locus on chromosome 5g31. LOD score calculation, including the
consanguinity loops, gave a maximum value of 2.9 and 5.6 at § =0 for the Turkish and the Norwegian
families, respectively, indicating linkage between the disease and the D551995-D55436 haplotype
spanning a 9.3 cM interval. Patients of the two families presented with the strict clinical features of MSS. On
the other hand, the study of two smaller French and Italian families, initially diagnosed as presenting an
atypical MS syndrome, clearly excluded linkage from both the MSS locus on 5931 and the CCFDN locus in
18qter. Patients of the two excluded families had all MSS features (but the myopathic changes) plus
peripheral neuropathy and optic atrophy, and various combinations of microcornea, hearing impairment,
seizures, Type | diabetes, cerebral atrophy and leucoencephalopathy, indicating that only the pure MSS
syndrome is a homogeneous genetic entity.
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Introduction

Marinesco-Sjogren syndrome (MSS) is a recessively inher-
ited disorder first described by Marinesco et al' in a family
of Romanian origin and further characterised by Sjogren?
in families of Swedish origin. Since then, many cases have
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been reported from various geographic origins. Consistent
features of this condition are bilateral cataracts, mild
to moderate mental retardation, cerebellar ataxia due to
cerebellar hypoplasia, short stature, hypergonadotrophic
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Table 1 Clinical features of the patients
Clinical features Family 1 Family 2 Family 3 Family 4 Family 5 Family 6
Origin Turkey Norway Norway F/Y Italy
Patient 1 2 1 2 3 4 5 6 1 2 1 1 1 2
Sex F M F M F M M F M F F F M F

Short stature + + + — + + + NA + + NA - -
Microcephaly - - - - - - = - — — - NA + +
Facial dysmorphism - - - — — _ _ _ _
Microcornea - - e - - - - + +
Cataracts + + + + + + + + + + + + + +
Nystagmus + + + + + + + + NA — - + + +
Optic atrophy - - e - - — + + +
Hearing impairment — - - — — — - - — + NA NA
Skeletal deformities + + - - — — — — NA + — + + +
Psychomotor delay + + + + + + + + + + + + + +
Hypotonia + + + + + + + + — + + + — —
Spasticity - - + + + + + + + + + + + +
Cerebellar ataxia + + + + + + + + + + + + + +
Seizures - - - - - = = = - + — + _ —
Peripheral neuropathy - - - - - - - - - — — + + +
Raised serum creatine kinase + - + + + + — — + + — - — —
Myopathic changes on biopsy or EMG  + A L 424 NA — _ _
Hypogonadism + + NA NA NA NA + + - + - NA + -
Insulin-dependant diabetes mellitus - - - - - - - b - - - — + +
Cerebellar atrophy + + + + + + NA NA + + — + + +
Cerebral atrophy — — — — — — NA NA — — + + — _
Leucoencephalopathy - - - - - = = = - - — — + +

F: female; M: male; NA: not available; EMG: electromyography; F/Y: France/Yugoslavia.
From Torbergsen et al.'>** PHowever, had increased glucose tolerance.*!

hypogonadism, and skeletal deformities,>* such as
kyphoscoliosis, pes planovalgus, short metatarsals and
metacarpals, coxa valga, genu and cubitus valgus or pectus
deformities. Progressive muscular weakness and muscle
atrophy were also reported to be leading features of
MSS.> Myopathic changes including variation in fibre size,
proliferation of internal nuclei and rimmed vacuoles
were described on most muscular biopsies.’~'* Electron
microscopy studies revealed focal myofibrillar disruption,
myelin bodies, autophagic vacuoles and mitochondrial
abnormalities.>” 8191315 Moreover, several reports consid-
ered a dense membranous structure surrounding nuclei
as being a characteristic wultrastructural feature of
MSS7 13141617 (and MO Livet, personal communication).
However, MSS is clinically heterogeneous'® with a marked
variation in severity and the occasional presence of the
following features: peripheral mneuropathy,'®=2* sei-
zures,'%2° microcephaly, optic atrophy,?® hearing loss,?”-?8
acute rhabdomyolysis?>* and various patterns on magnetic
resonance imaging (MRI) such as cerebral atrophy, diffuse
reduction of cerebral white matter,?>?° agenesis of the
corpus callosum,*® abnormal pituitary gland,?® cyst of the
posterior fossa and brainstem atrophy. Moreover, cataract,
initially described as congenital, was also found with early
childhood onset and rapid progression.” %3132 Different
physiopathological hypotheses for MSS were proposed,
including lysosomal storage disorder?"*® or defect of
chylomicron metabolism,?* but the primary molecular
defect remains to be identified.

One major differential diagnosis of MSS is the syndrome
defined by congenital cataracts, facial dysmorphism and
peripheral neuropathy (CCFDN),**~3¢ which is localised to
18qter’” while no genetic localisation has yet been
reported for typical MSS. One subtype of MSS with acute
rhabdomyolysis without underlying chronic myopathy??
was shown to be linked to the CCFDN locus,*® suggesting
genetic homogeneity between these syndromes. However,
we recently showed that MSS and CCFDN are two clinically
and genetically distinct entities.'® Using homozygosity
mapping strategy, we identified an MSS locus on 5q31 in
two large consanguineous families presenting classical
features of MS syndrome. On the other hand, linkage to
5931 was excluded in two families initially diagnosed as
MS syndrome, but with the atypical presence of peripheral
neuropathy and optic atrophy, and absence of myopathic
changes.

Subjects and methods

Subjects

We studied four families with patients presenting char-
acteristic clinical features of MSS and two families with
patients presenting an atypical MSS without myopathic
changes and including rarely described features such as
peripheral neuropathy, optic atrophy or leucoencephalo-
pathy. Clinical features of each patient are summarised in
Table 1.
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The two patients from family 1, of Turkish origin, are
described in detail elsewhere.'®!” Briefly, the affected
children were referred to the neuropaediatric clinic due
to failure to thrive, reduced head circumference, psycho-
motor delay, hypotonia and a pronounced ataxic gait and
limb ataxia. The disease progression was characterised by
the occurrence of bilateral cataracts operated at 4.5 and
6.5 years of age, respectively, and of skeletal deformities
secondary to severe hypotonia and muscle weakness.
Biological investigations revealed slightly increased serum
creatine kinase levels and hypergonadotropic hypogonad-
ism. MRI of the brain revealed isolated marked cerebellar
atrophy predominantly affecting the vermis. Muscle biopsy
of the two siblings were characterised in both cases by
myopathic changes, including variation in muscle fibre
size, rimmed vacuoles as well as rare necrotic and
regenerating fibres. Electron microscopy disclosed several
dense membranous structures surrounding myonuclei,
previously reported as specific ultrastructural features of
MSS by Sewry et al.”

Families 2—4 are of Norwegian origin. Family 2, originat-
ing from the Northern most county of Norway (Finnmark),
is a large family with four affected siblings born from
second-degree consanguineous parents and two affected
cousins. DNA samples of all six patients and a healthy
sibling were available for study. This family has been
extensively reported in previous publications with regard
to clinical picture, biochemical features and myopathic
abnormalities.®!>3°~** The patients were followed up for
more than 40 years and are 56, 54, 53, 52, 74 and 72 years
of age, respectively, at the time of our report. Briefly, all six
affected presented characteristic features of MSS including
bilateral cataracts, mild mental retardation, hypotonia and
cerebellar ataxia due to cerebellar hypoplasia. The short
stature and the hypergonadotrophic hypogonadism were
reported in four and two of them, respectively. Myopathic
changes including subsarcolemmal accumulation of ab-
normal mitochondria of various shapes and sizes were
described in all of them except one.® 154344

The parents of families 3 and 4 are not consanguineous
and are related neither to each other, nor to family 2. The
three Norwegian families originate from separate Northern
Norway counties; however, both parents of family 4
originate from the same small island west of the Norwegian
coast.

In family 3, DNA samples of two affected siblings and
their parents were available for this study. The patients,
previously described by Torbergsen et al,'® are 33 and 31
years old at the time of our report. Clinical features were
characteristic of classical MSS and are summarised in
Table 1. An additional feature, observed on cerebral MRI
of patient 2, consisted in atrophy of pons.

In family 4, DNA samples of one affected individual, her
two healthy brothers and her parents, were available. The
patient was born after normal pregnancy and delivery.
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Bilateral cataracts were removed within the first year of life.
Spasticity, ataxic gait, hypotonia, mild mental retardation
and failure to thrive became evident during infancy. At 8
years of age, cerebral MRI demonstrated cerebral atrophy
and wide sulci but no cerebellar atrophy. Serum creatine
kinase levels were in normal ranges and no muscle biopsy
was available from this patient.

In family 5, DNA samples of the affected patient, her six
healthy siblings and their mother were available. Con-
sanguinity between the mother and the father parents is
excluded as they are of French and Yugoslav origin,
respectively. The patient presented an atypical MSS
including congenital cataracts with optic atrophy, mild
psychomotor delay (IQ: 76 at 34 years of age), bilateral
hearing impairment, hypotonia in infancy, cerebellar
ataxia, pyramidal signs and sensitivo-motor demyelinating
peripheral neuropathy. Skeletal deformities developed
during childhood with dorsal kyphoscoliosis and foot
deformities (pes cavus and equino varus). The clinical
course was also complicated by partial seizures. Brain MRI
revealed cerebellar and diffuse cerebral atrophy. Serum
creatine kinase levels were in the normal range and a
muscle biopsy did not reveal any myopathic change but
only neurogenic muscular atrophy. Electron microscopy
did not disclose dense membranous structures character-
istic of MSS.

In family 6, of Italian origin, two affected siblings born
from nonconsanguineous healthy parents were referred to
the neuropaediatric clinic due to psychomotor delay,
microcephaly, spasticity, early-onset ataxia and congenital
cataracts with macular degeneration. They were diagnosed
as presenting an MSS because of the association of
cataracts, mental retardation, cerebellar ataxia and skelet-
tal deformities, but they differed clinically from classical
MS patients by the presence of microcornea, optic atrophy,
insulin-dependent diabetes mellitus and sensory-motor
axonal neuropathy. Moreover, brain MRI showed cerebellar
and bulbar hypoplasia associated with thin corpus callo-
sum and mild leucoencephalopathy. Serum creatine kinase
levels were with normal limits and a muscle biopsy showed
only mild neurogenic changes. Serum vitamin E and o-
fetoprotein levels were normal. Molecular testing for
Friedreich’s ataxia and mtDNA mutations were negative.

Genotyping
Blood samples were obtained with informed consent.
Genomic DNA was extracted from the peripheral blood
leucocytes by a standard phenol/chloroform method.
Whole-genome screens was performed for family 1 using
a microsatellite marker set developed and commercialised
by PE Biosystems Div. (ABI Linkage Mapping Set version 2,
Medium density set 10, MD-10). This set comprises 400
fluorescent-labelled microsatellite markers selected from
the Généthon human linkage map45, with an average
spacing of 10cM and an average heterozygosity of 75%.



PCR-multiplex protocols were developed allowing
the coamplification of up to six of these markers in a
single reaction. For each microsatellite, one primer of the
primer set was labelled with one of the three fluorescent
dyes (FAMTM, HEXTM, NEDTM) in order to pool PCR
products for separation on automatic sequencers. The
internal size standard was fluorescently labelled with a
fourth dye (ET-ROXTM 400, Amersham Biosciences). All
PCR reaction mixes were prepared with a 96-tip head
Automation Partnership BasePlate liquid handling robot.
PCR were carried out with 20ng of DNA and the total
volume of PCR reaction was 10ul. PCR were performed
with dual 384-well GeneAmp PCR 9700 systems (Applied
Biosytems) according to conditions and thermal cycler
programmes.

The PCR fragments obtained were pooled and purified
on a 96-well MulticreenTM plate by Sephadex GS50. A
volume of 2 ul of the purified product were transferred to
a 96-well plate and mixed with 3 ul of MegaBace loading
cocktail (for one reaction: 2.75 ul H,O 4 0.25 ul ET-ROXTM
400).

The purified dye-labelled fragments were separated
according to size on Amersham Biosciences MegaBACE
1000 96-capillary sequencers. The samples were loaded on
matrix filled capillaries by electrokinetic injection onto the
MegaBace 1000 and ran for 65 min, at 10kV, using the data
collection software (Instrument Control Manager, version
2.1).

Additional CA/TG microsatellite markers from the
Généthon human linkage map*> and marker
D18$1390%%*® amplified by the forward primer 5'-
AACGGTTTGGTATTTCCTCA-3' and the reverse primer
3'-CAGTTCAACAAGGGATTTGG-S', were analysed on an
automated DNA sequencer with a universal fluoresceinated
primer, ComF (5'-TAC GCA TCC CAG TTT GAG ACG-3') as
follows.*® Each microsatellite marker was amplified in a
three primer PCR reaction in which one of the two specific
primers was tailed with the sequence corresponding to the
universal fluorescent primer (Spe2-+com). A 10:1 molar
ratio of primers ComF to Spe2+ com was used to ensure
that primer Spe2+com is exhausted during the early
amplification cycles (Figure 1). The universal primer can
be labelled with different fluorochromes, allowing the
analysis of several markers of the same size range in a single
electrophoretic run.

PCR reactions were performed in a 25 ul final volume
using 50ng of template DNA, 0.4 uM of primers Spel and
ComF and 0.04 uM of Spe2+com, 1U of Tag polymerase
(Sigma), and S pl of buffer (10 mM Tris-HCI pH: 8.3; 50 mM
KCl; 200 uM of each deoxynucleotide triphosphate; 1.5 mMm
MgCl,). PCR amplification consisted of 35 cycles (94°C for
105, 50°C-60°C for 155, 72°C for 20s). PCR products were
resolved on an ABI 377 DNA sequencer (PE Applied
Biosystems) and analysed using ABI PRISM GeneScan
Analysis Software.
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Figure 1 Method for microsatellite marker genotyping
with a universal fluoresceinated primer. Spel: Specific
flanking primer 1. Spe2+ Com: Specific flanking primer
two tailed with the sequence corresponding to the
universal fluorescent primer Com. ComF: universal fluor-
esceinated primer. In the early amplification cycles, the
locus specific primers Spel and Spe2 + Com yield a specific
PCR product containing the tail. A 10:1 molar ratio of
primers ComF to Spe2+Com ensures that primer
Spe2+ Com is exhausted during the early amplification
cycles.

Linkage analysis

Part of the linkage power of families 1 and 2 resides in the
consanguinity loop(s) and linkage is supported when the
patients are homozygous for a rare haplotype.*” This
information was included in a two-point LOD score
calculation by considering the nonrecombinant haplotype
as a single locus.” Homozygosity by descent found in
families with nondocumented consanguinity was com-
puted as second-degree consanguinity, therefore yielding
a minimal estimation of the LOD score. The frequency
of the homozygous haplotype was calculated as the
product of the frequency of the individual alleles estimated
from a reference Caucasian population. In order to
eliminate biases due to possible linkage disequilibrium,
only one marker was taken into account when two were
less than 500kb apart on the human genome sequence
working draft. Two-point LOD scores with consanguinity
loops were calculated by using the MLINK program of the
FASTLINK package.*® We assumed a fully penetrant auto-
somal recessive mode of inheritance, and a gene frequency
of 0.001 that certainly represents an upper limit for this
rare condition.

Sequence analysis

The coding sequences of the SARA2 gene were PCR
amplified with the following primer pairs: exon 1 F:
ATGGGGTGTTCCTTTCTCG and R: GCATGGATGA
GACCTGTCCT; exon 2 F: AGATGATCCACCCACCTCAG
and R: AGCATTAAAGCATATAGGTAAACTAGC; exon 3 F:
GGTTTAGAACTTCAAGCTTAATTGG and R: CTGGGCAA
CAGAGAAAGACC; exon 4 F: TGACCTAATGCTTGCTTG
GA and R: AGAATCTTACCTTGAACATGT; exon 5 F:
ACTTGCCCACAGTCAAGGAA and R: TGCAGAAAAGCTG
CACTCTG; exon 6 F: AAGGTGCTGGCTCTATACGTTC and
R: AATGGGCTTGTATAGTTGGACA; exon 7 F: GCAGC

773

European Journal of Human Genetics



Marinesco-Sjogren syndrome locus in 5q31
@ C Lagier-Tourenne et al

774

Family 1

olithy

D5SAT1
Dss210
0551884
058217
D5519¢5
0552115
D583%
Dssdre
055414
D5S50¢
05582010
0582011
0582017
0581972
055435
D58638
0552090
055640
058410

oss211e
D5S1984
ossau17
0551985
058399
DSs479
058414
DSS500
0552010
0552011
0ss2017
Dss1972
058438
D58638
D5s2050
D55640

250244
283288
2365234
2521242
183197
17317
43)142
160|156
219217
PEX] rall
245|744
178168
1241132
217|189
245246
153161
211|208

333|342

00 € WM O [

256
236|235
252|232
183183
173173
148] 148
160|180
219|117
233|233
245|228
178|162
124]724
217|258
245|252
158163

212
nrn7
338)335

L[]

patient 1 patient 2
250 | 258 250|258 244 244
288 | 292 288286
236] 236 236) 236 236236
252|252 252|252 82|22
183]183 183|183 183|183
173|173 17af172 173[173
143)143 148148 148 |148
160] 160 160|160 160|160
2131219 201217 219|217
2832 px<] Px] 233|233
245248 25228 246 |22
178] 178 178162 178|162
124]124 124124 124|124
211217 217|258 17258
5| 245 |2¢5 252 286|252
53] 158 181 163 159|163
21 f2n 2% 2118 211|218
15 115

338336 342 348 1_33348
Family 2

288
242
re]
195
148
158
rrel
229
4
157
12
189
57
167
215

patient § patient 6

patent 1 patent 2 patient 3 patient 4
284 |34 284 | 284 284 | 284 284 284 284 | 284
235 1236 236|235 236|236 23 236 236|236
252 1250 %2250 252|250 252 250 252|250
183 198 1831198 183198 183 199 183154
136|136 1361138 136|136 136 | 138 138136
156 J156 156155 156|156 155 | 155 156156
218 |219 219|218 2181219 219 [218 2181219
223223 23| 23|23 223 | 223 23|23
248 248 248 | 248 248 [ 248 248 | 248 248|248
167 187 167 | 167 167 |167 167 | 167 167|167
126|125 126126 126|126 126 |130 1261126
203 J203 203|203 203 | 203 203 | 203 203]203

287 | 267 | 267 | 267 267 | 267 267 | 267

185] 167 185|165 185 | 185 165185

m|21s 21 |21 21 21 21 |2n

L5115 nsjis 115 | 115 L115]115 |

European Journal of Human Genetics

5)115




CACGACTTTATCACA and R: GCTGGGGTGATGTCAGAT
TA. PCR products were purified on Montage PCRys Cleanup
Plates (Millipore, Bedford, MA, USA) and used in sequen-
cing reactions with the ABI BigDye terminator kit (Applied
Biosystems, Foster City, CA, USA), which were subse-
quently run on an ABI PRISM 3100 Genetic Analyzer.

Results

A total of 391 markers of the ABI PRISM Linkage Mapping
Set were tested on family 1. Given the close consanguinity
of the parents and the close spacing of the markers, we
selected the regions for which at least one marker was
homozygous in both affected individuals and heterozygous
in the four healthy siblings. We identified four such
regions. New flanking markers were tested for each region
and haplotypes were constructed. This allowed us to
exclude linkage for two of the four regions, whereas 15
and five consecutive markers were found homozygous at
loci 531 (Figure 2) and 7pl4.2, thereby defining two
potential regions of linkage.

The study of a dense set of microsatellite markers from
the two regions*® in family 2, allowed us to exclude linkage
to the 7p14.2 locus and confirmed linkage to the 5931
locus, since the six patients were homozygous for at least
eight consecutive markers and the healthy sibling was
heterozygous for seven of these markers (Figure 2). The
recombinant markers D5S1995 (centromeric) and D5S436
(distal) defined a 9.3 cM interval, which is included in the
5q31 region of linkage of family 1. LOD score calculation,
including the consanguinity loops,*”*? gave a value of 2.9
and 5.6 for families 1 and 2, respectively, at a recombina-
tion fraction 6 of 0, indicating linkage between the disease
and the 5q31 haplotype.

Segregation of the 5q31 locus in the two small Norwe-
gian families (families 3 and 4) was compatible with
linkage to the disease (Figure 3). However, families 3 and
4 had heterozygous linked haplotypes and shared no
common haplotype, either with respect to each other or
with respect to family 2. Finally, linkage of the disease to
59031 was excluded in families 5 and 6, of French and
Italian origin, respectively (Figure 4). Indeed, the affected
individual of family 5 shared identical haplotypes over the
entire region with two healthy siblings. In family 6, the
two patients were discordant over the entire region and
patient 2 shared identical haplotypes with his healthy

<
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a Family 3

O L]

e

patient 1 patient 2
0552110 282 286 286 284 286 284 286 284
D551984 236 250 250 250
D552117 250 258 258 242 258 242 250 242
D5S1995 185 183 183 197 183 197 199 197
D5S399 137 147 147 145 147 145 137 145
D55479 160 158 158 152 158 152 156 152
D5S414 225 215 215 215 215 215 213 215
D5S500 233 235 235 235 235 235 231 235
0552010 238 238 238 228 238 228 236 228
D5S2011 163 173 173 165 173 165 163 165
D582017 122 124 124 116 124 116 120 116
D55436 257 253 253 257 253 257 273 257
D55638 157 161 165 165
D552090 219 213 213 215 213 215 211 215
b Family 4

O ]
1 @ 0O

patient 1

0552110 288 284 288 286 288 284 284 286 286 284
0551984 236 242 236 234 236 250 242 234 234 250
D5S2117 242 242 242 250 242 250 242 250 250 250
0551995 199 197 199 207 199 199 197 207 207 199
D5S399 137 137 137 145 137 137 137 145 145 137
D5S479 156 160 156 160 156 158 160 160 160 158
055414 219 215 219 213 219 215 215 213 213 215
D5S500 237 235 237 231 237 235 235 231 231 235
D5S2010 252 248 262 250 248 246 246 250
D5S2011 167 H 167 163 167 H H 163 163 H

D552017 120 122 120 128 120 128 122 128 128 128
D5S436 273 2N 273 257 273 271 257 21 271 257
D5S638 165 165 165 165 165 165 165 165 165 165
D5S2080 219 215 219 215 219 219 215 215 219 215

Figure 3 Compatible linkage of the disease to the 5931
region in families 3 (a) and 4 (b). The allele H of marker
D5S2011 is a 159 allele that amplifies poorly, presumably
due to a polymorphism in the sequence corresponding to
one of the PCR primers.

sister. Since the patients of these two families presented
with atypical MSS features including peripheral neuropa-
thy without chronic myopathy, we tested the families with
markers D18S1122, D18S70 and D18S1390 of the CCFDN-
MSS/myoglobinuria locus. Linkage of the disease to 18qter
was also excluded for the two families (data not shown).

Figure 2 Linkage of the disease to the 5g31 region in families 1 (a) and 2 (b). Markers are indicated on the left and are
organised from top to bottom in the centromeric to telomeric order. Parental haplotypes linked with the disease are boxed.
The region of consanguinity by descent is boxed in grey. The homozygous markers D552115, —399 and -479 in the healthy
daughter of family 1 are not informative in her mother, and therefore do not allow to position precisely the critical
recombination breakpoint. Allele 130 of marker D552017 in the second daughter of family 2 is assumed to be a de novo
mutation from a 126 allele. The grand parents of patients 5 and 6 are known not to be brother and sister or uncle and niece/
aunt and nephew. Therefore, the closest possible consanguinity between these grand parents would be second degree, which
was used for a minimal estimation of the LOD score (see Subjects and methods).
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a Family §
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O
®

0 O O O 0O O

patient 1
0552110 266 288 266 288 266 284 266 284 266 288 266 288
0551984 242 242 242 244 242 244 242 244 242 244 242 244 242 244
D5S2117 240 248 232 248 232 248 232 240 232 240 232 240 232 248 232 248
D551995 199 199 197 199 197 199 197 199 197 199 197 199 197 199
D55399 138 148 148 148 148 148 148 148 148 138 148 138 136 148 148 148
D538414 215 231 221 231 221 231 221 231 221 215 221 215 221 231 221 231
D5S500 225 235 235 235 235 235 235 225 235 225 225 235 235 235
D§S2010 240 254 240 254 240 254
D5S2011 161 163 165 163 165 163 165 163 165 161 165 161 177 163
D6S2017 120 120 122 120 122 120 122 120 122 120 122 120 118 120 122 120
053436 257 215 257 215 257 275
D55638 165 165 165 165 166 165 165 165 165 165 185 165 165 165 185 165
D552090 219 215 21 215 211 215 211 219 211 219 219 219
b Family 6

patient 1 patient 2
D5S2117 242 248 248 230 242 248 242 248
D5S1995 199 197 197 185 199 183 199 183
D58399 137 147 147 145 137 147 137 147
D5S500 233 235 235 229 233 229 233 228
D5S2011 167 167 167 167 167 167
D55436 265 269 269 267 255 265 255 285
055638 185 165 165 165

Figure 4 Exclusion of linkage to the 5g31 region of the disease in families 5 (a) and 6 (b).

While this work was under review, Jones et al*® reported

the identification of disease causing mutations in the
SARA2 gene of patients with chylomicron retention disease
(CRMD), including one family where CRMD cosegregates
with MSS in two brothers. Since the SARA2 gene lies in our
MSS critical interval, we searched for mutations in the
SARAZ2 gene of the Turkish and Norvegian families (families
1-4). A silent nucleotide change (133C—T, S$45S) was
found in the affected children of the Turkish family and a
895A -G polymorphism was found in the 3'UTR of the
SARA2 gene in the healthy sibling of family 2 and in the
patients of family 3.

Discussion

We demonstrate in this study that MSS in the two
consanguineous families 1 and 2 is linked to a 9.3cM
region on 531 defined by the flanking markers D551995
and D55436. The LOD score in favour of linkage in family
2, firmly establishes the MSS locus to 531 for this family.
The LOD score in favour of linkage in family 1 is well above
the 2.56 threshold corresponding to a posterior probability
of 95% for linkage of family 1 to the same locus as family
2.%2 On the other hand, the disease in families 5 and 6 is
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clearly excluded from the 5q31 locus, allowing to the
distinction between the two entities. The patients of the
531 linked families have typical MSS defined by con-
genital cerebellar ataxia with cerebellar atrophy and
hypotonia, early-onset cataracts (not necessarily congeni-
tal), psychomotor and growth delay, hypergonadotrophic
hypogonadism and myopathic changes on muscle biopsy.
Several such patients have been previously reported in the
literature.>~7?~'* We propose that, for the sake of genetic
counselling and in the absence of identified defective gene
and mutations, the syndrome of Marinesco-Sjogren is
restricted to these typical patients. With such criteria,
family 3 appears to have MSS, in agreement with the
sharing of both parental haplotypes of the two patients.
The patients with cerebellar ataxia, cataracts and psycho-
motor delay but without the myopathic changes are not
linked to 5931 and have (a) distinct disease(s) that
associate(s) additional features, including peripheral neu-
ropathy, optic atrophy and various combinations of
deafness, seizures, cerebral atrophy, microcephaly, leucoen-
cephalopathy, microcornea and diabetes mellitus. These
patients have a disease more akin to the CCFDN syn-
drome,'%3*=37 yet distinct, since it does not segregate with
the CCFDN locus on 18qter. Moreover, the absence of



mutation in the SARA2 gene of the 531 linked families
indicates either that the CMRD-MSS syndrome (OMIM
607692) is a nonallelic genetic entity distinct from typical
MSS, or that, given the close proximity of the CMRD and
MSS loci, the two diseases cosegregrate by chance in the
unique family reported by Aguglia et al.**

We have shown here that there is at least three different
genes that result in cataract, cerebellar ataxia and mental
and growth retardation, when defective, suggesting that a
complex pathway involving several participating proteins
might be defective in these diseases. It appears that the
myopathic changes seen on muscle biopsy are an impor-
tant feature of the pathology of MSS. The exact nature
of these changes remains controversial. They include
characteristic perinuclear membrane inclusions,” 31416
subsarcolemnal rimmed vacuoles,®>~710~1%16 abnormal
mitochondria®”#1%131% and rarely ragged red fibres.®'"
Albeit an OXPHOS deficiency has been excluded in several
MSS patients, the possibility that a mitochondrial defect
underlies the pathogenesis of MSS is an attractive hypoth-
esis, since combination of neurodegeneration and myo-
pathy is often seen in mitochondrial diseases.®! The
identification of the MSS locus represents a first step
towards the identification of the defective gene and
therefore the testing of this hypothesis.
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