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st_ract—-ObJectwe. Tu study EPM:ZB gene mutatmns apd ﬁ'enot‘/pe phenotype curre]atmns m patzeﬁ_t:’ ‘Nluh uafara
digease” Methods: The authérs performed a clinical and mutational analysis of 25 patients, from 23 families, diagnosed <~
_wn:h Lafova diséase who had tiot shown mutations in the EPM2A gene. Results: The authors identifisd 18 mutations in’
ding 12 novel mutations: 4 nonsense mutations (R265X, C26X, W219X, and E67X), a 6-base pair (bp)
mieredeletion resulling i a twe amirio acid deletion {V294 K295del), a 4-bp insertion resulting in a frameshift mutation
(8338f512}, and 6 missense muiations (D308A, 1198N, C68Y, ES7Q, P264H, and D233A). In our data set of 77 families
with Lafora disease, 54 (70.1%) tested probands have mutations in EPM2A, 21 (27.3%) in EPMZB, and 2 (2.6%) have no
mutations in either gene. The course of the disease was longer in patients with EPM2B mufations vs patients with
EPM2A mutations. Conclusions: Genetic allelic heterogeneity is present in Lafora disease associated with mutations
in EPM2E. Patients with mutations in EPM24 and EPM2R express similar clinical manifestation, although patients with
EPM2B-associated Lafora disease seem to have a slightly milder clinical eourse. The lack of mutations TPM2A and
BEPM2 two families could be because of the presence of mutations in noncoding, nontested regions or the existence of
gl gene associated with Lafora disease,
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Methods. (linical studv. We studied 25 patients, from 23 fam-
ities, diagnosed with Lafors disease whe had no mutations in the
EPM2A gene. Patients originated from five Mediterranean coun-
tries {Spain, Turkey, Italy, Serbia-Montenegro, and France) and
Beuador. Diagnosis was based on the presence of epilepsy, myoclo-

Lesers disease is characterized by epilepsy; fragmen-
tary, segmenial. and massive myoclonus; and rapid
progressive mental deterioration.' HEG shows dis-
charges of fast spike-wave and polyspike-wave com-

plexes, photosensitivity, deterioration of background
activity, and the appearance of multifocal abnormal-
ities. Lafora disease is characterized by the presence
of typzcal periodic acid-Schiff-positive (PAS) intra-
ifclusion bodies (Lafora bodies)*® composed
iE 'ah ‘abnorimal glucose polymer that accumulate in
e the central_'and peripheral nervous system, among
"zar 'ssues“ -

; 13 in the E’PM 2A and EPM2B genes have
Ghed Wath Laf'ora dlsease EPM2A, the

. PCR dmphﬁcatwn {GenePhor DNA Electrophicresis Systent, Am-
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nus, rapidly progressive nearologic deterioration, and slow back-
ground with polyspike-wave complexes on EEG.'® A skin, muscle,
or liver biopsy also was reguired to confirm the presence of PAS-
positive intracellular inelusions (Lafora bediss) 31 Ty compare
patients with EPM2E mutations and patients with ZPA2A muta-
tions, we also studied 70 patients, belonging to 54 families, diag-
nosed with Lafora disease who had mutations in the AP, 24 gene.

Molecular study. Blood samples were chtainad =i patients
or their legal guardians signed an FEthics Committes-appraved
consent form. Genomic DDNA was extracted from pevipheral blood
leukoeyvtes using standard proceedings.” Linka the EPM2A
gene locus (chremosome 6q24) was exeluded by using microsatel-
lite polymorphic markers D8S1703, D6S1649, and DES1049 (data
not shown).

Using four appropriate pnmu pairs,? the coc}mg eX0IE of
EPMZE was amplified by PCR using 40 ng of genomic DNA: The.
corresponding PCR products were purified usitig’ the Montage 000
PCR Ceuntrifugal Filter Device Kit (Millipore; Billeries, MA} and:)
direetly sequenced with an ABI PRISM. 3700° genetic analyzer:
(Applied Biosystems, Foster City, CA). Analysis Was performed
using the ABI Analysis software (version 3.1

Mutations found by sequence analysis were “tested 0} _amgie-
strand conformation analysis*® in 100 control chrormasoies: ‘using
four additional pairs of primers. (5-AC TAGAGCT:
CCTGGG-3, 5-GGGCTCAGCGCTTCGECC-3Y 5'—TTAGC.”"_‘AA§_
ATGCAGCTTG-3', and 5-GTCGGCCAAGTGOATACCT-3) for




e fmm six pL atients

. Lesent in the famxhes of thege two pa‘uents and link-
age analysis’ could not exclude linkage to the known loct

" ‘héeauss of their small size and poor informative charaeter-

istics. However, in one of these families, the proband and
her 26-year-old unaffected sister had different haplotypes
at the ZPM2A and EPM2E loci.

We identified 12 novel mutations: 4 nonsense mutations
(R265X, C26X, W219X, and E67X), a 8-bp microdeletion
resulling in = two amino acid deletion (V294_K295del), a
4-bp insertion resulting in z frameshift mutation
(3339f:12), and 6 missense mrutationz (D308A, T198N,
C88Y, Be7q, P264H, and D233A). We alse found six previ-
sualy reported mutations.®

We also characterized the EPM2B haplotypes associ-
ated with each EPM2B mutation (table 1), P62A is the

predonrinant mutation and was present in 14 chromo-
s0mes n ring individuals belonging to nine families.
Comparizon of haplotypes in patients with the P6%A muta-
tion showed that only Families 86 and 103 shared a com-
mon haplotype.

Clinical study. The clinieal and neurophysiologic fea-
tures of 17 affected individuals with mutations in EPM2B
belonging t¢ 15 families are summarized in table 2. No
elinical or neurcphysiologic information could be vbtained
. Consanguimity was present in five fami-
5 {21.7%): Apé at onset ranged from 12 to 15 years in all

i patxents éxclu&iﬁg affected individuals from Families 127
L2 yéz{rs} and 143 (7 vears) Slk dlfferent 1mt1a1 symptoms

artial: occxpztal seizures (18 T% ) 3} partial geizures
ndary generahzatmn (12 4%) 4) absences (6 3%)

6) anple partlal seizures ( 1. 8%} and 7) hepatic dxsease

sudenaturing ‘polyacry am:de els using the

: ued tomc elomic seizures: at ages Sand 6 yeal&, The patlent'

L was m good health untﬂ age 22 years, when he had gener<
. alized tonic-clonic seizires. Sincs ther, the neurologic pie
- ture has prog‘r‘essed slcwly, with' generalized: fonic-clonic’

;t1v1ty Was p1 esen’s Inab;hty ‘to walk w1theu .
appeared al 'age 20 years.lThe pahenﬁ d]ed at

Patlent 127 3. Thlq “patient had: bwor 1snlated gener'ﬂ

seizureés, myoclonic seizures (onset; age 27 years), and cog- :
nitive decline (dnset; dge 28 years). At present, the patient
shows resting and action myeclonus, mental deterioration,

and cerebellar signs. Gait disturbance appeared at age 30
years. The EEG and skin biopsy were consisient with the
diagnesis of Lafora disease. The patient is now age 37
years.

When we compared years of progression in patients
with EPM2A and EPM2B mutations, we found that the
course of the disease was longer in patienis with muta-
tions in EPM2B (p = 0.011 and ¢.033 using Bonferroni
correction). We also found that the age at which patients
died was higher in patients with EPA2E mutations than
in patients with EPM2A mutations. For paiients with
EPM2A mutations, the mean age at which gatients died
was 20.85 years, and for patients with EPMZE myuiations,
the mean age of death was 25 .67 years. The difference was
significant (p = 0.014 and 0.042 using Bonferroni correc-
tion). Two paliznts with mutations in EPM2E reached the
fourth decade of life. No significant clinical differences
were observed between patients with EPM2A and EPM2B
mutations for other variables studied (age at onset m_ltla]
symptom, and photosensitivity). S

Discussion. In this report, we describe a systemi-
atic mutational analysis of the EFM2E gene in 46 -
chromosomes from 23 patients with Lafora disease °
{21 unrelated). We have identified 18 ZPM28 muta-::
tions, 12 of them novel. In our séries of 95 pafi e_mts,__'
70 (73.7%) patients with Lafora disease: had muta
tions in EPM2A and 23 (24.2%) in EPM2B, and in
patients (2.1%), no mutations were: Tound. in: eithe
gene. With respect to families;: 54 (70 1%} famllles-_
had mutations in EPM2A, and 21°(27. 3%} had muta
tions in EPM2RB; in 2 (2. 6%) families;. o’ mutat et
were found in either gene, Qur data uugges_t that.
EPM2A and EPM2B are the major genes for: Lafora
disease, representing >95% of the patients:
We have also characterized the EPMZE" haplo-:
types associated with each EPM2B. mutatzon P69A :
is the predominant mutation and was Lo_uni in- 14
chromosomes. We compared P69A mutation
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" Spai (10%a)
. Bain (163b) -
* Spain (123a)
) : Spain (123b)
265 0 166 131 114 176 207 228 223 Tltaly (1382)

265 174 137 114 176 207 226 227 Tialy {138h)
253 162 127 108 178 a13 215 219 Spain (146a)
265 162 127 108 176 213 216 225 Spal
257 152 128 116 170 223 296 213
261 155 135 116 170 213 420 21F Tmels (43R
265 176 129 110 172 213 — 227 Italy 1148h)
— — — — — — — - faly (147
i £30-885delGTGAAA Deletion 1 253 154 133 116 179 219 210 285 France (9577h)
Missense 1 955 154 131 118 1o 218 20 325 France (Y577al
196G—T MNonsense 2 255 154 125 118 180 217 220 221 Tarkey (167a)
259 154 133 118 180 217 220 233 Tuzkev (167h)
D264H TILC—G Missense 2 255 178 141 108 163 207 212 237 Spuin (104a)
257 172 141 108 170 207 212 227 Spain (104b)
G1581673 468clelA Deietion/ 1 255 152 133 116 176 215 216 218 Spain (120b)
frameshift
232s 5884—C Missenss b4 255 1654 133 116 150 219 204 AR dtaly {124a)
255 178 138 118 180 218 24 228 lzaly 124
53386172 1017-1018insATCT  Insertion/ 1 253 182 133 118 170 209 210 215 ITraly 1127
frameshift
43005 —A Missense 1 255 154 133 118 170 215 214 226 Italy (127a)
1048-1540delGA  Delstion/ 2 25 154 185 108 172 213 219 213 S-M (137a)
frameshifc
253 154 145 108 188 213 210 215 &M (137h)
E280K .- . S38G—A Missense 2 265 162 185 1:0 176 215 — 223 Italy (143a)
i . _ _ — — - _ — Ttaly (147
STESOT L Nonsense 2 235 178 135 118 170 231 204 233 Tuskey (175a)
i : 255 178 135 118 170 221 204 933 Tarkey (175h)
SOiA ST Nomsesse 1 288 152 135 116 168 200 204 213 Spain (143a)
£65.469d6AG " - Deletions” . 1 — — - — - — - —— Thaly (742)
T A frameshift .
" Missense | 259 156 - 116 182 207 0208 233 Eeuator (276a)
i 259 160 — 114 182 20770 208 . 231 Teator (1765
. 182 135 120 .. 150 23 L Taly (A
1'4. 154 135, L1200 180, 213000ty (7R

. bmmon hapiotype between:
and DBS285 ‘suggesting a founder effect”
nutation in the other: fa’miIies.may'have - the presence of & second mutation because Wé. did. ot
Unt phylogenetlc orlgms 1mp]y1ng recurrence of S test noncodmg regmns such as the pmmstel reglo
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Gait
disturbance

14 30

Inability to 20 17

walk alone
Complete 17
deterioration
of mestal
st

30

Sige at which
patients died,
v

Years of ]

LTOgTe

16

16 16 — 16 17 17 — — — R
17 — 23 16 ) I i6 — — _
16-15 17 14 17 17-20 17 16 — — —
26 — — 20 22 — 20 — — —
8 5 16 8 ¢ 4 8,5 5 - -~

seizove, secondarily generalized; A = absences; MS = myoclonie seizure; — = not determined.

Lafora disease initially manifests during adoles-
cence, the most common age at onset being between

10 and 17 years.! Patients die within less than a
decade of firsi symptoms. Here we vreport 12 patients
with ZPM2E mutations with homogeneous clindeal
cowresentations and 5. additional patients with an
'f;atypical.j'pres'entaﬁon (probands from Families 123,
g 143/ 1‘46': and 17 6) : The affected individual from

deteriorati and a homezygous  mutation in
‘?‘P%"?B The mutatmn in Famﬁy 176 is 10caf:ed in an

donic seizure. SPOS = simple partial occipital seizure; HF = hepatic failure; CP8 = complex partial seizure; PSSG = partial

p.g.:dlsbi‘der followed by epﬁepsy and neur 0--'

NHL protein-protein interaction domain.** It may be
that additional factors besides the mutated exon or
gene are involved in early-onset cognitive deficit. In-
teracting properties of laforin'®” and malin may play
an important role in this subphenotypz.

Other families with atypical phenctypes are Fam-
ilies 143 and 146. The affected patient from Family
143 had an early age at onset (7 years) and has a
long progression of 16 years (the patient is still
alive). Both mutations of this patient are located in
the Zn"" Ring finger domain,™ as in Family 123, but
no clinical similarities were found between. affeg'ted____' .
of both families. In Family 146, the initial sj’mﬁtom_'__ L
was hepatic failure, and to date no neumiogm mani-
festations have appeared The mutatioh i this pa:.
tient is also located in the Zn?" Ring finger domain.

The observed differences iri the phenotypic’ expr
sion between patients with EPM2A and ¥PM2B mu
tations could be because of the role of malin; Malin i
a putative E3 ubiquitin ligase® involved in proteoly
sis cageades.’? Tt may be that other B3 ubiqum
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