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Abstract

Retinitis pigmentosa (RP) represents a
group of clinically heterogeneous retinal
degenerations in which all modes of in-
heritance have been described. We have
previously found two different clinical
profiles in X linked RP as a function of
age and mode of onset. The first clinical
form has very early onset with severe
myopia. The second form starts later
with night blindness with mild myopia or
none. At least two genes have been identi-
fied in X linked forms, namely RP2
(linked to DXS7, DXS255, and DXS14)
and RP3 (linked to DXS$84 and OTC) on
the short arm of the X chromosome.

In order to contribute to phenotype-
genotype correlations in X linked RP, we
tested the hypothesis that the two clinical
profiles could be accounted for by the two
different gene loci. The present study
provides evidence for linkage of the clini-
cal form with early myopia as the onset
symptom with the RP2 gene (pairwise
linkage to DXS255: Z=3-13 at 0=0), while
the clinical form with later night blind-
ness as the onset symptom is linked
to the RP3 gene (pairwise linkage to OTC:
Z=416 at §=0).

(F Med Genetr 1992;29:615-23)

Retinitis pigmentosa (RP) is a progressive her-
editary disorder that primarily alters photo-
receptor and pigment epithelial function.!? It
represents a group of clinically distinct retinal
degenerations and all modes of inheritance
have been described.>’

We have recently identified two different
clinical profiles in X linked RP (XLRP) as a
function of age and mode of onset of the
disease. The first has very early onset with
myopia (mean age of onset (1 SD)=3-5 (0-5)
years) and the second starts later with night
blindness (mean age of onset (1 SD)=10-6
(4-1) years®). At least two loci have been identi-
fied in XLRP, namely RP2 (Xp11.21-p11.4.1)
and RP3 (Xp21.1),>' but all previous reports
have failed to correlate either gene locus with
any clinical presentation in this group.!’!°

Considering the evidence for two clinical
subtypes on one hand and two different loci on
the other, we decided to test the hypothesis
that the clinical heterogeneity of XLRP could
be accounted for by the two different loci on
the short arm of the X chromosome. The
present study provides evidence for the corre-
lation of each clinical subtype with each par-

ticular gene locus and shows that the clinical
form with early myopia is accounted for by the
RP2 gene, while the clinical form with later
night blindness is accounted for by the RP3
gene.

Patients and methods

PATIENTS

Nine XLRP families were identified in five
different medical genetic centres in France. X
linked inheritance was shown by maternal
transmission over at least two generations and
absence of male to male transmission. Our
diagnostic criteria for RP were those laid down
by the 1982 International Symposium of Oph-
thalmology!: (1) bilateral involvement, (2) con-
centric depression of the visual field, (3) severe
scotopic involvement on electroretinogram
(ERG), resulting from alteration of rods, or no
ERG response, and (4) progressive loss of
photoreceptor function.

These nine families were split into two
groups as a function of age and mode of onset
of the disease as we have previously reported.®
In the first group (XLRP-A, families 1 to 5,
figs 1 to 5), affected boys presented with typi-
cal RP. They first mentioned night blindness
at around 10 years of age, then they developed
a gradual constriction of the visual field with
extinction of their ERG. Their visual acuity
was preserved until 15 years of age and rapidly
declined thereafter (table 1). The five pedi-
grees included 11 available affected males, six
available healthy males, 10 obligate carriers,
and eight potential carriers. Among the obli-
gate carriers, only eight women accepted
ophthalmological examination. Two carriers
had no clinical symptoms, while six had clini-
cal symptoms, including tapetal-like reflex
(metallic sheen, three cases), sectorial pigmen-
tary deposits (three cases), or both (two cases).
Among the eight potential carriers, two had
sectorial pigmentary deposits and one had
both pigmentary migration and metallic sheen.

In the second group (XLRP-B, families 6 to
9, figs 6 t0 9), affected boys developed an early
onset, progressive, high myopia (mean age 0 to
3 years, table 1). They had had reduced visual
acuity since nursery school while night blind-
ness and visual field constriction was first
noted at 10 to 14 years only. The ERG was
extinguished very early. After 14 years of age,
the fundus displayed non-specific abnormalit-
ies including pigmentary deposits, narrowed
vessels, and optic nerve pallor (table 1). The
four pedigrees included eight available affec-
ted males, three available healthy males, eight
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Figure 1 Segregation of RFLP alleles with XLRP in family 1. The summary of the probes and alleles is given
above in the same order as the data presented along the sides of the chromosome stick figures. Asterisks mark the loci
that are recombined with XLRP. II-1 and IV"3 are recombinant for DX S255.
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Figure 2 Segregation of RFLP alleles with XLRP in family 2.
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obligate carriers, and eight potential carriers.
Of the eight obligate carriers, only four accep-
ted ophthalmological examination. One had a
normal fundus but a delayed scotopic re-
sponse, two had a typical tapetal reflex, and
one had sectorial and peripheral pigment de-
posits on her fundus and ERG showed scoto-

' pic disturbance. Of the eight potential carriers,

one had a normal fundus but a delayed scoto-
pic response and three displayed sectorial pig-
mentary deposits in their retina without tape-
tal-like reflex. These three women did not
accept electrodiagnostic examination (table 1).

Methods

For restriction fragment length polymorphism
(RFLP) analysis, total DNA was extracted
from circulating leucocytes by cell lysis,
proteinase K digestion, phenol/chloroform
extraction, ethanol precipitation, and Tris-
EDTA resuspension. DNA (5 ug) was then
cleaved with restriction enzymes PstI, Mspl,
or Tagql under appropriate buffer and temper-
ature conditions according to the manufac-
turer’s recommendations. The fragments were
separated by horizontal gel electrophoresis in
Tris-acetate EDTA buffer and transferred
onto a nylon membrane (Zetabind, Flo Cuno)
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Figure 3 Segregation of RFLP alleles with XLRP in family 3. 1I-2, II-3, and II-5 were recombinants for DXS7, DXS255, and DXS14. 114
was recombinant for DXS84, DXS7, DXS255, and DXS14. 111I-2 was an affected male fetus, analysed after chorionic villi sampling. The
pregnancy was terminated.
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Figure 4 Segregation of RFLP alleles with XRLP in family 4. 111-2 was recombinant for DX S84.
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Figure 5 Segregation of RFLP alleles with XLRP in family 5. 111-4 was recombinant for DXS255.
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Figure 6 Segregation of RFLP alleles with XLRP in family 6.

DXs84
oTC
DXSs7
DXS255
DXs14

using Southern’s technique. Probes were
radiolabelled by nick translation to a high
specific activity with *P-dCTP.%® After
hybridisation, the filters were washed and
exposed to Kodak X/OMAT films with inten-
sifying screens. The polymorphic loci studied
were Xp2.1—DXS84¢MOTCUMDX § 710sM
DXS255*MDXS14—Xpl.1 (table 2).

Linkage analysis was performed using the
LINKAGE program version 4:8* on an IBM
PC AT. Two point linkage analysis was per-
formed between the RP locus and each marker
using the MLINK option. Multipoint linkage
analysis was performed using the LINKMAP
program.? Genetic distances between markers
were obtained from previous studies.!®?>2
Multipoint lod scores were obtained by mov-
ing the disease locus between the markers and
the genetic map was constructed by calculating
the lod score for a given map distance.

The hypothesis of linkage homogeneity H1
specifies 6,=0,<1/2. The alternative hypo-
thesis of linkage heterogeneity H2 is given by
0,#0,, where the recombination fraction is
potentially different in each family class. To
test H1 against H2, we used the Morton likeli-
hood ratio (LR) test, where Z, (0,) denotes the
total lod score of the first class and Z, (8,) the
total lod score of the second class for a value of
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Table 1 Ocular findings in families with RPLX.
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Family Patient Status Age Modeof Ageof Age of Refractive Fundus abnormalities Visual field Present Age of Present
onset onset NB error (D) abnormalities ERG decreased VA VA
1 111 Affected 55 NB 10 10 ? ? ? ? 17 Blind
111-2 Affected 33 NB 5 5 -6 Pigmentary deposits all Major Extinguished 18 1/20
over the retina, narrowed constriction
vessels, macular
degeneration
113 Obligate carrier 52 — - — Emmetropia Tapetal reflex Normal Slcoto?ic Normal Normal
alteration
1113 Obligate carrier 28 — — — Emmetropia Tapetal reflex Normal Normal Normal Normal
v Obligate carrier 2 — — — Emmetropia Irregularity of Not done Normal Normal Normal
pigmentation
1v-3 Affected Not examined
2 111 Affected 35 NB 9 9 Emmetropia Pigmentary deposits, Major Extinguished  About 20 Blind
narrowed vessels constriction
112 Affected 31 NB Emmetropia Pigmentary deposits, Major constriction  Extinguished ~ About 20 2/20
narrowed vessels
I3 Obligate carrier 59 — — — Emmetropia Normal Normal Not done Normal Normal
113 Potential carrier 27 - — — Emmetropia Sectorial pigmentary Localised scotoma in ~ Not done Normal Normal
deposits in right eye RE corresponding to
pigments
3 1I1-2 Affected 25 NB 8 8 Astigmatism Pi y deposits all  Big scotoma Ext hed About 18 2/20
over the retina, narrowed
vessels
115 Affected 18 NB 5 5 Emmetropia Pigmentary deposits all Constriction Extinguished 18 4/10
over the retina, narrowed
vessels
1I-1 Obligate carrier 30 — — — Emmetropia Normal Normal Not done Normal Normal
14 Obligate carrier 56 — — — Astigmatism Sectorial deposits in the Mild constriction Not done After 40 10/20
retina
11-6 Potential carrier 17 — — — Astigmatism Sectorial deposits in RE Normal Not done — Normal
4 112 Affected 60 NB 6-8 6-8 Emmetropia  Pigmentary deposits, RP Major constriction  Extinguished 20 Blind
at a terminal stage
113 Affected 56 NB 6-8 6-8 Emmetropia Not examined ? 20 Blind
1114 Affected 19 NB #6 #6 Emmetropia Pigmentary deposits, Constriction Extinguished 18 4/20
narrowed vessels
114 Obligate carrier 48 — — — — Not examined Not done - ?
III-1 Obligate carrier 34 Mild NB Teenage Teenage —16LE Tapetal reflex, sectorial Mild constriction Scotopic — LE 6/20
—2RE pigment alteration RE 20/20
II1-2 Potential carrier 24 Not examined
5 1115 Affected 27 NB 5 5 -3 Pigmentary deposits, Constriction Extinguished 17 2/20
retinal atrophy
112 Obligate carrier 55 — — — Astigmatism Tapetal reflex, localised Scotoma in LE Normal ? 10/20
pigmentary deposits in LE  corresponding to
pigment
I1I-4 Potential carrier 30 — - — Emmetropia Tapetal reflex and pigment Scotoma in RE Not done Normal Normal
on periphery of retina in corresponding to
RE pigment
6 112 Affected 19 High 4 10 -10 Pigmentary deposits all Major constriction  Extinguished 17 2/20
myopia -15 over the retina, narrowed
vessels and optic atrophy
12 Potential carrier 53 — - - Emmetropia Sectorial deposits in RE Not done — 18/20
7 1I-2 Affected 22 High 2 10 —18 Pigmentary deposits, Major constriction  Extinguished 15 2/20
myopia narrowed vessels,
degenerative macula
I2 Obligate carrier 43 — — — Emmetropia Normal Normal Delayed — Normal
scotopic
response
111 Potential carrier 24 — — — —1RE Normal Normal Delayed - Normal
-2LE scotopic
response
8 115 Affected 53 High 2 7 -10 RP at a terminal stage Major constriction Not done 20 Blind
myopia
1I11-2 Affected 41 High Early ? -10 ? ? ? 20 Blind
myopia  infancy
1v2 Affected 7 High 3 ? -850 Reduced vessels, A lar scotoma Extinguished 6 2/20
myopia irregularity of retina
1v3 Affected 4 High 1 ? -10 ? Annular scotoma  Extinguished ? ?
myopia
II1-7 Obligate carrier 30 - - - Emmetropia Tapetal reflex Normal Not done - Normal
v Potential carrier Not examined
9 114 Affected 58 High 6 13 -10 Pigmentary deposits, Major constriction Not done 16 Blind
myopia degenerative macula
I11-2 Affected 30 High 14 -6 Pigments all over the Major constriction  Extinguished 16 2/20
myopia retina
111 Potential carrier 62 — — — Astigmatism Sector‘ijal pigmentary Normal Not done Normal 16/20
eposits
112 Obligate carrier 60 — — — Hyperopia Tapetal reflex Normal Not done Normal Normal
III1 Potential carrier 33 — - - Hyperopia Sectorial deposits in one Normal Not done Normal Normal
eye
1114 Obligate carrier 23 — — — Emmetropia Sectorial deposits in RE, Normal Scotopic Normal Normal
peripheral pigments in LE alteration

NB = night blindness. ERG = electroretinogram. VA = visual acuity. D = dioptres. LE = left eye. RE =right eye.
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statistic

is

¥? value with two degrees of freedom.

As our clinical classification is based on
subjective criteria, we also performed the test
HOMOG, version 2-4,% on the total data de-
rived from all nine families, ignoring their
clinical presentation.

0 at which Z is largest.? The log of the LR
then given by %2=2(Inl0)
Z,(0,)—Z(0)+Z,0,)—Z(0). The test is con-
sidered significant and homogeneity is rejected
when %2 is larger than the appropriate critical

Figure 7 Segregation of RFLP alleles with XRLP
in family 7.
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Figure 8 Segregation of RFLP alleles with XRLP in family 8. IV-2 was recombinant for DX S84 and OTC.
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Table 2 RFLP loci and probes on the short arm of the X chromosome used for

analysis.
Locus Probe Location Enzyme Alleles Frequencies
DXS84 754 Xp2l.1 Pst1 12,9 0-55, 0-45
oTC Xp2l.1 Mspl 66, 62 0-61, 0-39
51,44 0-73, 0-27

DXS7 L1.28 Xpll.3 Tagql 12,9 0-77, 0-23
DXS255 M278 Xpll.3-cen Pst1 Muliallelic

Mspl hypervariable

Tagql systems
DXS14 58.1 Xpll-cen Mspl 4,25 0-65, 0-35

Results

In XLRP families with night blindness as the
onset symptom (XLRP-A), the maximum lod
score was obtained with OTC (Z=4-16 at
#=0) while negative lod scores were obtained
for DXS255and DXS14(—4-62and —1-91 at
0=0-01 for DXS255 and DX S 14 respectively)
(table 3). By contrast, in XLRP families with
early and severe myopia as the onset symptom
(XLRP-B), the maximum lod score value was
obtained at locus DXS255 (Z=3-13 at §=0)
while negative values were obtained at loci
DXS84 and OTC (Z= —2-44 and Z= —0-77
at 0=0-01 for DXS84 and OTC respectively)
(table 4).

The location score method was used to esti-
mate the position of the disease locus. In this
procedure, the map of the marker loci is fixed
and the position of the RP locus is allowed to
vary throughout the map. The maximum like-
lihood estimate for location of the XLRP-A
gene was close to the OTC locus (location
score of 5-48 in log base 10 with no recombina-
tion events) while the maximum likelihood
estimate for the XLRP-B gene was between
DXS7 and DXS14 (maximum location score
of 3-14 over DX S255 with no recombination)
(fig 10). Finally, genetic heterogeneity between
XLRP-A and XLRP-B was shown at three
genetic loci namely DXS84, OTC, and
DXS255. Significant results were obtained
with y2 values of 6:16 (p<0-05), 1775
(p<0-001), and 12-88 (p<0-01) for DXS84,
OTC, and DXS255 respectively. Finally,
using the heterogeneity test HOMOG, con-
ditional probabilities for each family being
linked to the RP3 locus were 100% for families
1, 3, and 5 and 0 to 20% for families 8 and 9.
Owing to the absence of recombination events
no conclusion could be drawn for families 2, 4,
6, and 7. Consequently, the present study
shows that XLRP with severe myopia as the
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onset symptom is accounted for by the RP2
gene while XLRP with night blindness as the
onset symptom is accounted for by the RP3
gene.

Discussion

We have recently shown that different clinical
profiles can be recognised in XLRP, according
to age and mode of onset.® One clinical sub-
type, XLRP-B, has very early onset with
severe myopia (mean age of onset (1 SD)=3-5
(0-5) years). The other form, XLRP-A, starts
later with night blindness sometimes associ-
ated with mild myopia (mean age of onset (1
SD)=106 (4°1) years, p=0-01%). Both forms
meet the clinical criteria for RP according to
the 1982 International Symposium of Oph-
thalmology! (see Patients and methods). Other
diagnoses can be easily ruled out, especially
X linked cone dystrophy (CODI1) and X
linked congenital stationary night blindness
(CSNBI). Indeed, CODI1 starts with a loss of
visual acuity around 20 years of age, with
frequent photophobia and dyschromatopsia.
In this condition, the fundus is either normal
or displays a tapetal-like sheen of the retina
with no pigment deposits or narrowing of
retinal vessels. This disease also differs from
RP by the presence of a central scotoma and a
marked abnormality in cone function with
normal scotopic response at the start of the
disease.? No confusion with CSNB1 can occur
as this disease starts with congenital nystag-
mus, myopia, night blindness, and decreased
vision with a normal looking fundus. By con-
trast with RP, visual function usually remains
stationary throughout life and may vary among
affected relatives.”’” Consequently, the clinical
profiles reported here cannot be considered to
be CSNBI1 or COD1.

On the other hand, two gene loci have been
recognised in XLRP. One disease gene is
located on the proximal short arm of chromo-
some X (Xpll.21-pll.4), close to DXS7
(RP2, linked to probe 1.1.28%!1!%), The other
gene is distal to RP2 and maps to Xp21.1, in
the vicinity of the OTC locus (RP3'?!!%), In
support of this, two cases of interstitial dele-
tions in the Xp21.1 region have been reported
in male patients with RP."*!® Previously, how-
ever, all studies have failed to distinguish any
correlation between the clinical phenotype and
the gene location.!™!°

Table 3 Pairwise linkage results for XLRP-A with the five marker loci.

0 0-01 0-05 01 02 03 04 Z 8
DXS84 (754) - 0-94 1-38 1-34 0-94 047 014 1-39 0-06
oTC 416 408 374 330 239 1-46 0-62 416 0
DXS7 (L1.28) - 0-19 072 0-81 0-70 0-48 0-23 081 011
DXS255 (M27B) - -462 -145 —036 0-28 0-30 015 0-33 0-25
DXS14 (58.1) - -191 —0-66 -0-26 -0-04 —-0-05 —-0-07 0 0-50
Table 4 Pairwise linkage results for XLRP-B with the five marker loci.

0 0-01 0-05 01 0-2 03 0-4 Z 8
DXS84 (754) - —244 ~110 —-0-58 -015 0-009 0-05 005 0-39
OoTC - © -0-77 -0-10 0-14 0-29 017 016 030 0-23
DXS7 (L1.28) 0-07 0-07 0-06 0-05 0-03 0-01 0-004 0-07 0
DXS255 (M278) 313 308 284 252 1-87 1-18 053 313 0
DXS14 (58.1) 0-30 0-29 026 021 013 0-06 0-02 0-30 0
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Figure 10 Support for possible locations of the RP
gene with respect to the five marker loci in XLRP-A
and XLRP-B families respectively. The location score
method was used to estimate the position of the RP gene.
Likelihood estimates are given in log base 10. Distances
are shown between marker loci in centiMorgans along
the map.

In the present study, we provide evidence
for linkage of the two clinical subtypes with the
RP2 and RP3 genes respectively. It appears,
therefore, that the two markedly different
modes of onset are accounted for by the two
gene loci that have long been recognised on the
basis of linkage studies. The form with early
myopia as the onset symptom is accounted for
by the RP2 locus while the form with later
night blindness as the onset symptom is
accounted for by the RP3 locus. Thus, the
major difference between the two forms con-
cerns the initial symptom, information which
can be obtained from the parents and patients
after careful questioning (especially as myopia
may well occur in the course of all RP, regard-
less of the mode of inheritance?). By contrast,
in adult life, no difference in either severity of
the disease or aspect of the fundus was
observed in our series regardless of the clinical
subtype of XLRP. In fact, our XLRP-B pro-
bands were first myopic children but, when RP
was diagnosed, the course was similar to that of
XLRP-A patients whose disease started later.
Both classes of patients displayed total night
blindness, severe constriction of the visual
field after 15 years of age, and markedly de-
creased visual acuity after 25 years.

Recently, Wright et al® reported a large
kindred of X linked RP mapping to RP2. They
emphasised that all affected males had myopia
while all their unaffected sibs were emmetro-
pic. They regarded this feature either as the
pleiotropic effect of the RP2 gene or as a ‘non-
specific’ symptom, related more to severity
than to type. We also assume that a deprived
pattern of vision early in life results in depriva-
tion induced myopia whatever the cause.
Along these lines, a significant degree of myo-

- pia was found in a retrospective study of

Kaplan et al

refractive error among humans with various
ocular anomalies disrupting the vision pat-
tern.®® In addition, it has been shown that
restriction of only the peripheral field of vision
in chicks led to the development of severe
myopia.*! In conclusion, the myopia discov-
ered early in the first years of life in XLRP-B
probands is likely to be related to the early
onset of the disease which disrupts the normal
process of emmetropisation.

As far as the status of heterozygotes is con-
cerned, three different aspects of the retina
have been reported in XLRP carriers, normal
fundus, metallic sheen (tapetal-like reflex), or
peripheral pigmentary deposits.?®*>%** In our
series, however, no correlation could be found
between one particular aspect of the fundus
and either clinical subtype of the disease.
Musarella ez al'® failed to establish any rela-
tionship between the genotype and the retinal
phenotype of carriers, and ERG was not found
to be discriminative either.?3¢

In conclusion, this study emphasises the
primary importance of questioning patients
and families carefully about the early history of
the disease, since detecting phenotypic dif-
ferences at an advanced stage of the illness may
be very difficult. This does not hold for RP
only, but for other genetic disorders as well,
especially when more than one gene is thought
to account for one single clinical phenotype
(for example, Marfan syndrome and tuberous
sclerosis®-3?),

We are grateful to all ophthalmologists in
charge of our families for their medical exper-
tise. We should like to thank Giséle Gal and
Alan Strickland for their help in preparing this
manuscript. The present study was supported
by the Association Frangaise Retinitis Pig-
mentosa, by the Association Frangaise pour le
Dépistage et la Prévention des Handicaps de
IEnfant, and by a grant from the Ministére
de la Recherche et de la Technologie
(88.C.0179.02).
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