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Purpose:Mutations in the peripherin/retinal degeneration slow (RDS) gene are a known cause of various types of central
retinal dystrophies. The purpose of this study was to determine the prevalence of mutations in the peripherin/RDS gene in
Spanish patients with different types of autosomal dominant macular dystrophy.

Methods: Ophthalmic and electrophysiological examination was performed in patients from 61 unrelated autosomal
dominant macular dystrophy (adMD) Spanish families. Screening for mutations in the peripherin/RDS gene by denatur-
ing gradient gel electrophoresis (DGGE) and direct genomic sequencing was performed in index patients and extended to
the family when positive.

Results: We report four novel mutations in peripherin/RDS and a relatively high frequency (23%) of mutations in this
gene in families with adMD. Thirteen different mutations were found in fifteen adMD families. Three novel missense,
four nonsense and a cis-acting splicing mutation IVS2+2T>C, were found in a Spanish population while five more mis-
sense mutations were also reported in other populations. The Arg142Trp and Argl72Trp mutations, present in several
populations, were both detected in two independent Spanish families. All the missense mutations produce an amino acid
substitution in the second intradiscal loop of the peripherin, while the nonsense mutations presumably generate a trun-
cated protein.

Conclusions:A high frequency (23%) of mutations in the peripherin/RDS gene was found in a cohort of 61 unrelated
patients with various types of autosomal dominant central retinal dystrophies as compared with a low prevalence (1.3%)
of mutations in this gene causing retinitis pigmentosa in a Spanish population. Different macular dystrophy phenotypes
according to the mutations in peripherin/RDS are shown. However, a limited phenotype variation was observed for these
mutations within the family.

The peripherin/RDS gene encodes a glycoprotein whicimutations in peripherin/RDS to ADRP [13] in a Spanish popu-
is confined to the outer segment disk of both rod and conation as compared to other screened populations. However,
photoreceptor cells [1,2]. The normal product of this genewe found a relatively high association (23%) of mutations in
peripherin, interacts in vivo with rod outer segment membranthis gene in families with autosomal dominant macular dys-
protein 1 (ROML1) in rods and plays an important structuratrophies. As reported in other populations, variability in macu-
role in photoreceptor outer segments [3]. Over 70 mutationgr dystrophy phenotype is also observed in this Spanish popu-
in the peripherin/RDS gene have been reported in autosomation. We report the different macular dystrophy phenotypes
dominant retinitis pigmentosa (ADRP) and autosomal domiassociated with mutations in the peripherin/RDS gene found
nant macular dystrophy (adMD) [4-9], including a digenic traitin a Spanish population and compare these phenotypes with
with the ROM1 gene [10]. Phenotypic variation has been olthe associated mutations reported in other populations.
served with different mutations in this gene, with an extreme
case of variable phenotypes within a family having a single METHODS
mutation showing retinitis pigmentosa (RP) and macular dysA cohort of 61 unrelated patients with various types of auto-
trophy (MD) [11,12]. In our previous screening for mutationssomal dominant macular dystrophies, aged between 26 and
in the peripherin/RDS gene and in other RP and MD related5 years, participated in this study. Patients were recruited
genes in index cases of autosomal dominant retinopathies aftdm Fundacion Jiménez Diaz (Madrid, Spain), Hospital de la
simplex cases of RP, we found a lower contribution (1.3%) oBanta Creu i Sant Pau (Barcelona, Spain) and Hospital de
Terrassa (Barcelona). A control group of 137 non-affected in-
Correspondence to: Dr. Miguel Carballo, Hospital de Terrassa Servicigividuals was tested. Informed consent was obtained from all
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Ophthalmologic and electrophysiological studidégt in- ment containing exon 3 of peripherin/RDS was sequenced
dividuals quoted above received a complete ophthalmic exdirectly because it is difficult to analyze by DGGE. When
amination, which consisted of best corrected visual acuity witbGGE variants were observed, the corresponding PCR frag-
Snellen optotypes, color vision with Farnsworth 32 hue testnent was sequenced. For DNA sequencing, PCR products were
computerized perimetry (recorded on the Octopus 500) arplurified using Qiaquick Gel Extraction Purification Kit
biomicroscopy and fundus examination after pupillary dila{Qiagen). DNA sequencing was carried out with the same prim-
tion. Electroretinograms (ERG) and electrooculograms (EOG3rs used for amplification with the OpenGene automated DNA
were performed according to the standard testing protocotequencing system from Visible Genetics and Thermo
proposed by ISCEV [14]. Sequenase Cy5.5 Dye Terminator Cycle Sequencing Kit

Polymerase chain reactio@enomic DNAwas prepared (Amersham Pharmacia Biotech, Barcelona, Spain). Prediction
from peripheral blood lymphocytes using QIAmp DNA Blood of the pathogenesis of the missense mutations was performed
Mini Kit (Qiagen, Valencia, CA;). Flanking intronic and cod- using PolyPhen (Polymorphism phenotyping) program from
ing regions of exons 1 and 2 of the peripherin/RDS gene wethe Harvard University.
amplified using the primers shown in Table 1. One PCR primer
in each pair included a 40-base GC-rich segment (“GC-clamp”) RESULTS
attached to its 5' end to facilitate detection of mutations byOut of a total of 61 families studied, we found 13 different
denaturing gradient gel electrophoresis (DGGE). PCR reacnutations in peripherin/RDS in 15 families with adMD (Table
tions were performed in a 50 ml volume of buffer (20 mM2). These mutations were absent in 137 controls used in
Tris-HCI, pH 8.55, 16 mM (NHBO,, 1.5 mM MgC] 150  peripherin/RDS mutation screening. Co-segregation of the
mg/ml BSA, and 10% DMSO) containing 50-200 ng of hu-mutation was performed in each family and a complete pen-
man genomic DNA, 25 pmol of each primer, 10 nmol of eacletrance was observed in all of them.
deoxyribonucleoside triphosphate, and 1.5 units of Taq poly
merase (Ecotag, Barcelona, Spain). Incubation was performeaABLE 1. PRIMERS AND CONDITIONS USED FOR MUTATION DETECTION

for 40 cycles consisting of 30 s at 9g, 30 s at 60C (for Amealing  Arpl i con
exons 1A and 1B), 63C (for exon 2) or 54C (for exon 3), Primer Sequence® (5'-3') mj(C) 777777 (bp)  DGGE gradient
and 30 s at 72C. This was followed by 5 min at 9€ and 5 .
min at 72°C. Electrophoresis of 8 ml of final PCR reaction F: (00 - GARGIARCOUSGACTACAC 60 379 40-70%
volume was performed on 1.5% agarose gel to test the ampll- N '
fication reaction. F: (69 ATTGCATGZMOCOCT 60 a79 40-70%
Mutation detection: PCR-amplified fragments contain- '
ing the flanking intronic and coding sequences of exons 1 and"* & (09 mcocoatorooncerer 63 353 45-75%
R CTTACCCTCTACCCCCAGCTG
2 of the peripherin/RDS gene were analyzed. Exon 1 was dl-

vided into two PCR fragments, 1A and 1B. Screening for " ’ Fi AGATTGCCTCTANATCTCCT 54 204

mutations was carried out by DGGE [15,16]. Electrophoretic

conditions (running temperature and denaturing gradient ofithin the table, (GC) represents: 5'- CCG CCG CGC CCG CGC
formamide/urea concentration range for each different PCREC GCC CGC CGC CCC CGC CCG-3'. DGGE means denaturing

. o gradient gel electrophoresis. In DGGE gradient column, 100% dena-
product) are shown in Table 1. The PCR-amplified DNAfragy - .« equals to 7M urea and 40% (v/v) formamide.

TABLE 2. MUTATIONS IN THE PERIPHERIN/RDS GENE FOUND IN NISH PATIENTS WITH AUTOSOMAL DOMINANT MACULAR DYSTROPHY

cDNA change

Exon (NM_000322) Protei n change PSI C score difference Phenot ype Ref erence
1B 658 TAC>CAC Tyr141H s 2.148 AVDM [27]
1B 661 CGG>TGCG Argl42 Trp 2.118 CACD [27, 28]
1B 678 del T d y148Al af sX152 - CACD [29]
1B 751 CGG>TGG Argl72Trp 2. 606 CACD [4, 21- 25]
2 821 CGA>CTA Argl95Leu 2.745 PVD [ 30]
2 846_862 del Tyr204Pro fsX211 - PMVD [29]
2 860 GGC>GAC d y208Asp 1.843 PMVD [29, 31]
2 875 TGCTTT Cys213Phe 3. 665 AVND Present study
2 878 TGC>TAC Cys214Tyr 3. 665 PMVD [27]
2 895 CCG>TGG Arg220Trp 2.970 BPD [21]
2 948_959 del Asp237_Thr 240del - BPD Present study
2 975-978 dupGGTG  Arg248dy fsx301 - PMD Present study
Intron 2 1VS2+2 T>C ---- - PMD Present study

The following abbreviations were used: adult vitelliform macular dystrophy (AVMD); butterfly-shaped pattern dystrophy (BEBI), ce
areolar choroidal dystrophy (CACD), and pattern macular dystrophy (PMD). Position-specific independent counts (PSICLtaestbalc
difference between first and second amino acid variant.
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Eight previously unreported families, are shown in Fig-for donor or acceptor sites. When mutation IVS2+2T>C oc-
ure 1. Two of these mutations, Argl42Trp and Argl72Trpgcurs, no donor site is predicted in exon/intron boundary of
were detected in two unrelated Spanish families. Seven mutentron 2, suggesting that this mutation probably abolishes the
tions found in the peripherin/RDS gene are missense mutaanonical splice site.
tions, and three, Tyrl41His, Arg142Trp, and Cys213Phe, have The nonsense and splicing mutations identified are only
only been reported in a Spanish population, while theeported in a Spanish population. These nonsense mutations
Arg195Leu, Cys214Tyr, and Arg220Trp mutations have als@resumably generate truncated proteins.
been found in other populations. Of the nonsense mutations Ophthalmic examination and clinical studies of patients
found, two are deletions (678delT and 846_862del), and oneere performed according to previously established protocols.
is a 4 bp GGTG duplication. Additionally, IVS2+2T>C, a Different phenotypes, including central areolar choroidal dys-
mutation located in the intron 2 flanking splicing region, wagrophy (CACD), adult vitelliform macular dystrophy (AVMD),
found. To predict the possible impact of this mutation in splicand pattern macular dystrophy (PMD; Figure 2) were found
ing, we used Splice site prediction by neural network. Thidor these peripherin/RDS mutations. Table 3 summarizes the
program predicted a donor site in the exon/intron boundarglinical features of the families.

(GT) of intron 2, with a score of 0.98. We used a cutoff 0.40
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Figure 1. Pedigrees of novel reported Spanish families with mutation in the peripherin/RDS gene. Solid, open, and sclsratimatédo
affected, unaffected and deceased individuals, respectively; arrows indicate probands. Bottom numbered symbols in pesiigrestoorr
individuals whose DNA has been analyzed by DGGE and sequencing- In chromatogram of direct genomic sequencing of mutsition, arrow
indicate position of mutation. AVMD indicates adult viteliform macular dystrophy; BPD indicates butterfly-shaped pattephylyStheD

indicates central areolar choroidal dystrophy; PMD indicates pattern macular dystrophy.
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Figure 2. Funduscopic pictures of
the different patterns observed in
Spanish families with autosomal-
dominant macular dystrophy fami-
lies of a Spanish populationA:
Central areolar choroidal dystrophy
(CACD) caused by mutation
Arg142Trp in index patient (male,
39 years old) of family adMD-25.
B: Pattern macular dystrophy
(PMD) present in index patient
(male, 33 years old) of family
adMD-48, carrier of mutation
Argl195Leu.C: Adult vitelliform
macular dystrophy caused by mu-
tation Cys213Phe in patient II.4
(male, 34 years) of family adMD-
136.
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DISCUSSION In a Spanish population of nearly 200 index cases with
Peripherin/RDS is an integral membrane protein essential ®DRP, we detected a lower frequency (1.3%) of mutations in
outer segment disk morphogenesis of rod and cone photongeripherin/RDS than in other reported populations [13]. How-
ceptor outer segments in the retina [1-3,17-19]. Mutations iever, we observed a relatively high frequency (23%) of muta-
the peripherin/RDS gene cause a large variety of autosomi@bns in peripherin/RDS among autosomal dominant Spanish
dominant retinal degenerations, ranging from RP to MD [4].families with central retinal dystrophies (adMD), slightly

TABLE 3. SUIMMARY OF CLINICAL ASPECTSIN MUTATED FAMILIES

Onset Age at
of vi sual
vi sion acuity Central
Mt ation | oss <1/ 10 VF Phot o
(famly) (years) (years) | oss / Met am Macul a ERG

Tyr141H s 40 + +/ - Yel | owi sh | esions at nacul | ae. decrease anplitude
(DM 24) Atrophy and destructuration of RPE. “b” wave in rods,

AVND m xed and cones
Argl42Trp 35 50 + Subretinian yellow sh spots at nacul | ae.
( DM+ 25) RPE destructuration and atrophy. CACD
Argl42Trp 37 55 + CACD decrease “b” wave
( DV 115) in cones
d y1l48Al a fsX152 40- 45 50 + -/ - Subretinian yellow sh round | esions. decrease “b” wave
(DM 3) RPE destructuration and atrophy. CACD in rods, m xed

and cones

Argl72Trp 40 60 + + + Irregul ar pignentation. Nor mal
( DM 15b) Denmar cat ed atrophy of central retina.

CACD.
Argl72Trp 35-55 60- 75 + + + Demar cat ed atrophy of central retina. Nor mal
(DM 16b) CACD.
Argl95Leu 14 26 ++ Yel | ow deposits. Destructuration of RPE. Not Per f or med
(DM 48) PMD.
Tyr 204Pr of sX211 50- 70 55-75 +/ - + + Yel | ow deposits. Destructurati on of RPE. Not Per f or med
(DM 2) PMVD.
d y208Asp 36 + -+ RPE atrophy Flecks in nmacula. PMD. Phot opi ¢: Nor nal
(B-263) Scot opi c:  Nor mal
Cys213Phe 34 34 + + AVND Nor mal RE decrease
(DM 136) “b” wave in cones

LE
Cys214Tyr 35 - -+ Starred aspect and destructuration of Not Per f or med
(DM 13) RPE. PMD.
Arg220Trp 45 + Tot al BPD Phot opi c:  Nor mal
(B-197) central Scot opi ¢: Nor nal
vi sual
| oss

Asp237_Thr 240del 43 - + + BPD Phot opi c: Nor mal
(B-271) Scot opi ¢c: Di mi ni shed
Arg248d yf sX301 36 -+ Macul a RPE al teration. PND. Phot opi ¢: Nor nal
(B-206) Scot opi ¢c:  Nor mal
1 VS2+2T>C 48 years + -/ - Central RPE atrophy. PMD.

AVMD indicates adult viteliform macular dystrophy; BPD indicates butterfly-shaped pattern dystrophy; CACD indicates cetdral are
choroidal dystrophy, ERG indicates electroretinogram, LE indicates left eye, Metam indicates metamorphosia, N.A indivatebieot a
Photo indicates photophobia, RE indicates right eye, V.F indicates visual field.
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higher than that seen in other studies of adMD (18% of AVMD)  In conclusion, we report four novel mutations and ob-
[20], and 7.3% of adMD in a British population [21]. served a relatively high incidence of mutations in the
Specific mutations in the peripherin/RDS gene may leageripherin/RDS gene in a population of Spanish families with
to a wide inter- and intra-familial variability of phenotypes. autosomal dominant macular dystrophies with variable phe-
Although phenotype-genotype correlations have been sugotypes. However, a relatively homogeneous intra-familial
gested depending on the location and type of mutations expression of the disease was noted.
peripherin/RDS, a general rule cannot yet be established. How-
ever, a common phenotype of adMD has been described for ACKNOWLEDGEMENTS
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