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 Precise regulation of axial eye growth during embryonic
life is essential for development and maintenance of emmetro-
pia [1]. Microphthalmos is a structural malformation in which
ocular globes exhibit a total axial length at least two standard
deviations below age-similar controls [2,3] or, more gener-
ally, globes with an anteroposterior diameter of less than 20
mm in adults [4]. The anomaly is classified into simple or
pure microphthalmos if no other major eye malformations are
present, and in complex microphthalmos when additional ocu-
lar defects are identified [4,5]. Clinical and genetic data indi-
cate that microphthalmos and the more severe anophthalmos
are different manifestations of the same clinical spectrum of
eye malformations. Approximately 80% of subjects with mi-
crophthalmos/anophthalmos exhibit accompanying systemic
malformations [6], and more than 100 syndromic entities dis-
playing microphthalmos/anophthalmos have been recognized
in the literature [4,7].

Posterior microphthalmos is an uncommon subtype of mi-
crophthalmos defined by reduced total axial length in the pres-
ence of a normal sized cornea. This condition frequently has
associated findings such as high hyperopia and papillomacular
retinal folds [3,8-10]. Although most instances are sporadic,
some familial cases of posterior microphthalmos have been
identified, with autosomal recessive inheritance being the most
probable way of transmission [3,8]. Posterior microphthalmos
must be distinguished from nanophthalmos, a structural
anomaly characterized by the combination of microphthalmos,
microcornea, and a tendency toward spontaneous or postsur-
gical uveal effusions [11,12]. Nanophthalmos is sometimes
referred to as “simple microphthalmos” [13,14]. The short
distance between the lens and retina in eyes with posterior
microphthalmos or nanophthalmos causes extreme hyperopia
with refractive defects ranging between +8.00 to +25.00 di-
opters. Typically, posteriorly microphthalmic/nanophthalmic
eyes have an axial length of 13-18.5 mm and are associated
with a shallow anterior chamber and thickening of both the
choroidal vascular bed and sclera [15,16].

The clinical combination of posterior microphthalmos/
nanophthalmos and retinitis pigmentosa has been recognized
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in a number of subjects, leading to the assumption that this
would represent a discrete syndromic entity [16-20]. There is
some evidence that the association can be transmitted as an
autosomal recessive trait [16], although most cases have been
sporadic.

Here we present the clinical and genetic data of a family
in which a novel phenotypic association of posterior mi-

crophthalmos, retinitis pigmentosa, foveoschisis, and optic
nerve head drusen, segregates as an autosomal recessive trait
in four siblings. We propose that this complex phenotype is a
new syndromic entity and demonstrated that the disease is
caused by a homozygous mutation in membrane-type frizzled-
related protein (MFRP), a gene previously implicated in iso-
lated nanophthalmos [21].
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Figure 1. Fundus photographs
of patients.  Fundus photo-
graphs of patient number 1
(propositus, A, B), and affected
siblings patient number 2 (C,
D), number 3 (E, F), and num-
ber 4 (G, H). Left column rep-
resents right eye (OD); right
column represents left eye
(OS). Optic disc drusen, pig-
ment clumping, bone-spicule
pigmentation, blunting of the
macular reflex and minimal
vascular attenuation are evi-
dent.
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METHODS
Clinical studies:  Ophthalmological examinations included
best-corrected visual acuity (BCVA), slit-lamp and dilated
fundus examination, applanation tonometry, fundus
phothography, A-mode and B-mode ultrasound examination
(US), electroretinogram (ERG), fluorescein retinal angiogra-
phy (FA), Goldmann kinetic perimetry (GKP), and optical
coherence tomography (OCT). All affected subjects underwent
systemic evaluation by a geneticist. The patients were recruited
from the Department of Retina of our institution; they per-
tained to a Mexican Mestizo family from the central region of
the country.

Molecular genetic analyses:  The propositus, her parents,
and three affected siblings participated in the study after pro-
viding informed consent to a protocol that was approved by
the Institutional Review Board. Genomic DNA was obtained
in each subject from peripheral blood lymphocytes according
to standard methods. The entire coding sequences and exon/
intron boundaries of both the MFRP (located at 11q23, 13
exons) and CHX10 (14q24.3, 5 exons) genes were amplified

by PCR using pairs of primers derived from the normal pub-
lished sequences (Ensembl sequences ENST00000261980 and
ENST00000360167, respectively). Primer sequences and an-
nealing temperatures for PCR are available on request. Direct
sequencing of PCR amplified products from both genes was
performed using the Big Dye Terminator Cycle Sequencing
kit (Applied Biosystems, Foster City, CA) adding about 10 ng
of template DNA in each reaction. Samples were run in an
ABI Prism 310 Genetic Analyzer (Applied Biosystems).

RESULTS
Clinical findings:  The propositus was a 49-year-old woman
who presented with progressive impairment of night vision
and bilateral progressive decrease in visual acuity, both start-
ing about when she was around 24 years old. Her past medi-
cal history was unremarkable. She was born from a consan-
guineous Mexican marriage (parents were second cousins).
Three of her six siblings complained of similar symptoms. At
her first examination, BCVA was 20/200 with a +17.50 diopt-
ers (d) refractive error (RE) in the right eye (OD) and 20/100
with a +16.50 d RE in the left eye (OS). Biomicroscopy re-
vealed horizontal corneal diameters (HCD) of 11.2 mm OD
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Figure 2. Fluorescein angiography and ultrasound studies in patient
number 1.  Autofluorescence phenomenon due to optic disc drusen
(A, B), fluorescein angiography arteriovenous phase revealed chor-
oidal transmission hyperfluorescence corresponding to retinal pig-
ment epithelium atrophy as well as blockage hypofluorescence lo-
calized to areas of pigment clumping (C, D). B-mode ultrasound
showed decreased axial length and optic disc drusen (E, F). Left
column represents right eye (OD); right column represents left eye
(OS).

Figure 3. Optical coherence tomography images in patients.  Optical
coherence tomography images in left eye of patients 1 and 2 and
right eye of patients 3 and 4. Diffuse macular thickening, outer reti-
nal layer schisis with discrete bridging elements (foveoschisis) were
evident in all affected subjects.
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and 11.5 mm OS, normal pupillary light reaction, shallow an-
terior chambers, narrow angles, and no corneal or lens opaci-
ties in both eyes. Applanation intraocular pressures were 18
millimetres of mercury (mmHg) in the OD and 16 mmHg in
the OS. Fundus examination revealed optic disc pallor with
evident optic disc drusen, minimal vascular attenuation, blunt-
ing of the macular reflex, pigmentary changes characterized
by pigment clumps and “bone-spicule” pigmentation of the
midperipheral and peripheral retina in both eyes (Figure 1A,B).
Axial lengths measured by US were 15.74 mm OD and 16.08
mm OS. Diffuse scleral thickening was also observed on ul-
trasound. Optic disc drusen was confirmed by a B-scan (Fig-
ure 2E,F). The ERG showed an extinguished rod response and
barely registrable cone responses, bilaterally. FA demonstrated
autofluorescence of the optic disc drusen (Figure 2A,B) as
well as choroidal transmission hyperfluorescence correspond-
ing to retinal pigment epithelium (RPE) atrophy as well as
blockage hypofluorescence localized to areas of pigment
clumping and bone-spicule pigmentation (Figure 2C,D). GKP
disclosed an inferior arciform scotoma and a 10 ° superior
nasal field reduction OD and concentric reduction of the vi-
sual field that partially affects the fixation point in the inferior
sector with a nasal island of 30 ° OS. OCT showed diffuse
macular thickening (408 µM), outer retinal layers schisis with
discrete bridging elements at the fovea, absence of a foveal
pit, and no evidence of macular cysts (Figure 3). Clinical ex-
amination failed to demonstrate additional somatic anoma-
lies, mental retardation, or hypoacusia.

Three affected siblings (two males aged 45 and 39 years
and a female aged 41) were also examined. All complained of

progressive decrease in visual acuity and nyctalopia of onset
in the third decade of life. Ophthalmologic examination in
these subjects revealed high hyperopia, normal horizontal cor-
neal diameters, shallow anterior chamber, optic disc drusen,
and optic nerve head pallor, pigment clumping and bone-spi-
cule pigmentation in both midperiphery and periphery, and
minimal vascular attenuation (Figure 1C-H). All had a reduced
axial eye length, increased scleral thickness, and optic disc
drusen, demonstrated by US. ERG evidenced extinguished rod
responses with moderate to severe damage in cone responses.
GKP disclosed features ranging from a complete visual field
to a markedly concentric reduction. OCT analysis revealed
foveoschisis and absence of foveal pit (Figure 3). No sibling
exhibited systemic alterations or evidence of mental retarda-
tion or hypoacusia. Table 1 summarizes ophthalmologic find-
ings in all affected patients.

Molecular genetic findings:  Mutation analysis of the
MFRP gene in the four affected patients showed a novel ho-
mozygous one base-pair insertion at position 499 (designated
c.498_499insC) in the coding region (exon 5). The mutation
leads to a shift of the open reading frame and causes a prema-
ture truncation of the protein, 33 codons downstream
(P165fsX198; Figure 4B). The predicted truncated protein
lacks almost all functional important parts of MFRP, most
likely leading to a complete loss of functional protein. Both
parents were heterozygous for the mutation (Figure 4A). In
addition, a T to C change in MFRP nucleotide 698 (exon 5)
was observed in some subjects. This change does not alter the
encoded histidine at residue 180 of the protein (His180His). A
previously described inconsequential C to T change in CHX10
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TABLE 1. CLINICAL FEATURES OF AFFECTED SIBLINGS

BCVA represents best corrected visual acuity; RE represents refractive error; AL represents axial length; ERG represents electroretinogram;
OCT represents optical coherence tomography; OD represents right eye; OS represents left eye; OU represents both eyes; D represents
diopters; HCD represents horizontal corneal diameter; mm represents millimeters.
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nucleotide 471 (exon 3) predicting a silent Ser157Ser poly-
morphism was observed in all affected subjects. No deleteri-
ous mutations were detected in CHX10.

DISCUSSION
 The complex ocular phenotype in the family described here
is uniformly transmitted as an autosomal recessive trait that
includes posterior microphthalmos, retinitis pigmentosa,
foveoschisis, and optic nerve head drusen. We propose that
this disease is a new ophthalmologic genetic syndrome as, to
the best of our knowledge, no similar phenotype has been docu-
mented previously.

There are several reports of familial phenotypes exhibit-
ing some features observed in this family. For example, in
1958, Hermann [22] reported a family with microphthalmos
in 13 members of 4 generations, some of them also having
pigmentary retinopathy and glaucoma (MIM 157100).
Franceschetti and Gernet [23] described in 1965 a

nonconsanguineous sibship containing four individuals with
microphthalmia, normal sized corneas, high-grade hypermetro-
pia, macrophakia, retinal degeneration (fundus flavimaculatus/
albipunctatus), and dental anomalies; a probable autosomal
recessive pattern of inheritance was postulated for this asso-
ciation (MIM 251700). Mackay et al. [18] examined a con-
sanguineous family with nanophthalmos, cystoid macular de-
generation, nyctalopia, restriction of visual fields, high hy-
peropia, and diffuse choroidal thickening; with age, angle clo-
sure glaucoma and pigmentary maculopathy were evident.
Clearly, all these phenotypes are dissimilar from that observed
in the family described here due to the constant findings in
our patients of foveoschisis and optic disc drusen. Interest-
ingly, the combination of nanophthalmos, retinitis pigmentosa,
and optic disc drusen was observed in a 68-year-old man stud-
ied by Buys et al. in 1999 [16]. This subject also presented
with high hyperopia, microcorneas, and chronic angle closure
glaucoma. To our knowledge, this sporadic case has the clos-
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Figure 4. Novel MFRP mutation.  The MFRPI gene exon 5 partial nucleotide sequence analysis demonstrated a homozygous C insertion at
nucleotide position 499 (codon 166) in affected individuals (B, two affected DNA samples are shown). Amino acid numbers are indicated;
frameshifted residues are in red. The mutation predicts a truncated MFRP protein (P165fsX198). Both parents were heterozygous for the
mutation (A); arrows indicate the sequence frameshift. Control DNA sequence is shown for comparison (C).
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est phenotypic similarity with the subjects in our family; how-
ever, Buys et al. did consider the possibility of a secondary
pseudo-retinitis pigmentosa. Finally, a male subject with
nanophthalmos, closed-angle glaucoma, microcornea and pig-
mentary retinal dystrophy was described by Ghose et al. [17].
Normal sized corneas and foveoschisis, invariably present in
our cases, were absent in that patient.

Clinical and ERG data in all four affected siblings de-
scribed here indicate the presence of rod degeneration with
residual function of cones. Compared to younger patients, older
subjects had evidence of worsened cone function, that indi-
cates the progressive nature of the retinal dystrophy. In all
four affected subjects, foveoschisis was demonstrated by OCT.
This is an interesting finding which could be related to the
posterior microphthalmos. It is well known that papillomacular
retinal folds frequently develop in subjects with
nanophthalmos/microphthalmos, presumably arising from a
disparity in growth between the sclera and retina [24]. How-
ever, in our patients there was no clinical, FA or OCT evi-
dence of papillomacular retinal folds. Some reports of autoso-
mal recessive isolated foveoschisis have been published [25],
but no OCT studies are available in these instances to com-
pare with our patients.

Another constant finding in our patients was drusen of
the optic disc evidenced clinically and corroborated by both
US and autofluorescence phenomenon. Optic disc drusen are
deposits of hyaline calcific material within the head of the
optic nerve. They have an estimated incidence of 0.3% in the
general population and occur most frequently as a bilateral
anomaly that sometimes can be inherited in an autosomal domi-
nant fashion [26]. Optic discs containing drusen are often de-
scribed as small and crowded, lacking a physiologic cup. This
anatomic arrangement could predispose to the formation of
optic disc drusen, which are thought to be the result of a dis-
turbance of axoplasmic transport at the lamina cribosa, result-
ing in the extrusion of mitochondria filled with calcium crys-
tals [27]. Although optic disc drusen is observed in approxi-
mately 9% of subjects with retinitis pigmentosa [28], we con-
sider drusen to be a characteristic finding of this syndrome as
all four affected siblings in this family exhibited this anomaly.

We attempted to identify the underlying molecular defect
causing the disease in this family using a candidate gene ap-
proach. We chose to analyze MFRP and CHX10 genes be-
cause homozygous mutations in these loci have recently shown
to be responsible for autosomal recessive forms of
nanophthalmos/microphthalmos [21,29]. A homozygous one
pair base insertion in exon 5 of MFRP was identified in all
affected subjects; the mutation results in a frame-shift yield-
ing 33 aberrant amino acids after residue 165 and a shortened
protein of 198 residues compared to the 579 in wild-type
MFRP. Both parents were heterozygous for the mutation. The
predicted protein lacked the two cubilin-related, the two low-
density lipoprotein receptor-related, and the C-terminal cys-
teine rich-frizzled-related domains (CRD).

This is the first demonstration that MFRP defects can origi-
nate microphthalmos in conjunction with retinal degeneration.
Sundin et al. recognized MFRP mutations in three nonrelated

nanophthalmic families [21]. Based on the observed pheno-
types, the authors proposed that MFRP is not critical for reti-
nal function, as patients entirely lacking MFRP have good re-
fraction-corrected vision, produce clinically normal electrore-
tinograms, show only modest anomalies in the dark adapta-
tion of photoreceptors, and have no RPE pigment clumping
suggestive of photoreceptor death. However, our patients pre-
sented a severe rod-cone dystrophy with retinal hyperpigmen-
tation and serious ERG disturbances. These data suggest that
MFRP is needed for photoreceptor maintenance and that some
of its mutations can result in retinal degeneration. The reason
some MFRP mutations cause isolated nanophthalmos while
others can affect additional eye structures (as in our patients)
is not clear. Modifier factors, genetic or environmental, could
be responsible for this clinical variability.

It is interesting to note that the recessive mouse retinal
degeneration mutation rd6 (Mfrprd6) is a splicing mutation in
the orthologous Mfrp gene causing small, white retinal spots
and progressive photoreceptor degeneration similar to that ob-
served in human flecked retinal diseases [30]. Notably, mi-
crophthalmia is not a feature of Mfrprd6 mice [30,31].

Five independent MFRP mutations have been described
to date (including that reported here), three of them located in
exon 5 of the gene [21]. Although more data are needed, these
results suggest that exon 5 is a hotspot for MFRP mutations.
MFRP is predominantly expressed in the RPE and encodes a
membrane protein that has a C-terminal domain related to the
Wnt-binding domain of the frizzled (Fz) family of transmem-
brane proteins. Frizzled proteins are receptors for the Wnts, a
family of cell-cell signaling molecules that mediate cell fate
determination during development [32]. In recent years it has
become evident that the Wnt/Fz signaling pathway plays a
critical role during retinal development [33]. Although no for-
mal evidence exists to date that MFRP binds to Wnt proteins,
if this relation is established our results will expand the spec-
trum of inherited eye diseases caused by mutations in mol-
ecules regulating the WNT/Fz signaling pathway [34].

The panocular phenotype observed in our patients (mi-
crophthalmia, retinitis pigmentosa, foveoschisis, and optic disc
drusen) suggests that MFRP plays a wider role in eye devel-
opment than previously suspected, functioning not only as a
regulator of axial eye length. In summary, we present evidence
that a genetic defect in MFRP causes a new autosomal reces-
sive syndrome of microphthalmos and retinitis pigmentosa.
MFRP mutations could be responsible for other inherited hu-
man diseases combining abnormally sized eyes and retinal
degeneration.
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