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Leber congenital amaurosis (LCA) is the earliest form of
retinitis pigmentosa (RP) and is characterized by autosomal
recessive inheritance, visual impairment at birth, nystagmus,
and an abolished electroretinogram (ERG). Finding the cause
of LCA commands considerable interest because it is a com-
mon cause of retinal blindness in children [1-4], and its gene
identification will allow study of the molecular developmen-
tal biology of the human eye. Genetic heterogeneity of LCA
has been suspected since Waardenburg’s report [5] of normal
children born to two affected parents, and rare reports of auto-
somal dominant inheritance [6]. Patients with LCA might
maintain visual function, despite progressive retinal changes
supporting the hypothesis that some forms of LCA are an apla-
sia and not a degeneration with impaired development of rod
and cone photoreceptors [7,8]. Other pathological findings
ranging from diffuse retinal atrophy [6], to ganglion cell ab-
normalities [9] absent rods [10], or cones [11], immature [12],
or normal rods and cones [13], also support the aplasia hy-
pothesis.

Recently, the genetic heterogeneity of this disease has been
confirmed, when mutations in three genes were found to be
associated with the LCA phenotype: the guanylate cyclase gene
[14], RPE65 [15] and CRX [16]. Also a recent linkage study

reported a new LCA locus on chromosome 14q24, but the gene
remains to be identified [17]. Of these genes, guanylate cy-
clase is located in 17p13.1, the first locus for LCA described
[18,19]. Until now, only LCA patients of Maghrebian origin
from North Africa have been linked to 17p13.1 [14]. How-
ever, in the same report, it was demonstrated that from eight
families linked to 17p13.1, only four show mutations in RetGC.
Another candidate gene, Pigment Epithelium-Derived Factor
(PEDF), also localizes to 17p13.1 [20]. PEDF is a serine pro-
tease inhibitor (serpin) expressed in fetal retinal pigment epi-
thelial cells. In vitro studies [21] show, that in PEDF-treated
retinoblastoma cells (which represent primitive photorecep-
tor cells), neurite like projections develop, and neuron spe-
cific enolase including neurofilament NF-200 are expressed,
unlike untreated cells. Based on linkage data and a compel-
ling physiological profile, PEDF is still, an obvious and in-
triguing candidate gene for photoreceptor degenerations, par-
ticularly LCA.

METHODS
Patients with LCA from around the world (5 multiplex, 12
simplex) entered the study. Criteria of inclusion were: (1) se-
vere visual impairment at birth or shortly after, (2) nystag-
mus, (3) a diminished ERG, and (4) other systemic diseases
were also allowed. Exclusions were Zellwegers disease,
abetalipoproteinemia, infantile phytanic acid storage disease,
and neuronal ceroid lipofuscinosis. Most patients have been
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Purpose: Leber congenital amaurosis (LCA) has been mapped to chromosome 17p13.1. From the candidate genes mapped
to this region, thus far, only Retinal Guanylate Cyclase (RetGC), has been found to have pathogenic LCA mutations, in
families from North African origin. However, early reports, demonstrated eight LCA families linked to 17p13.1, but only
four of them showed mutations in RetGC. Mapped in proximity to this locus is the candidate gene Pigment Epithelium
Derived Factor (PEDF), a factor implicated in photoreceptor differentiation and neuronal survival. Our purpose in this
study was to identify mutations and polymorphisms in the PEDF gene in LCA patients of diverse ethnic origin.
Methods: Automated genotyping with four 17p13.1 markers flanking the PEDF gene was performed to assess homozy-
gosity and PCR-SSCP combined with direct sequencing was used to detect mutations in the PEDF gene in 17 LCA
patients.
Results: Homozygosity of markers D17S796 and D17S804 was found and four new intragenic basepair alterations were
discovered: a Met72Thr polymorphism in exon 3 (T331C), a Thr130Thr polymorphism in exon 4 (T506C), a G to A
transition in intron 5 (nine base pairs upstream from splice acceptor site), and a Tyr321Tyr polymorphism in exon 7
(C1079T) were detected.
Conclusions: We report the discovery of four new polymorphic alterations in the PEDF gene in LCA patients and exclude
by RFLP analysis the PEDF gene as a common cause of Leber congenital amaurosis. These single nucleotide polymor-
phisms will aid in future linkage analysis of complex multifactorial diseases involving retinal and RPE dysfunctions.



previously reported [7,22]. PCR-SSCP was performed to de-
tect mutations, and automated genotyping was done with
microsatellite markers to detect homozygosity. For all PCR-
SSCP, our 25 µl amplification mixture contained 100 ng of
genomic DNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5
mM MgCl

2
, 0.01% (W/V) gelatin, 12.5 µM of each dNTP

(dCTP, dGTP, dTTP), 6.25 µM dATP, 0.6 U Taq polymerase
(GIBCO-BRL, Burlington ON), 10 ng/ µl of each intronic
primer (described in Table 1) and α-35S-dATP (12.5 mCi/ml,
NEN, Boston MA) as a tracer. Denaturation at 94 °C  for 30 s,
was followed by annealing at primer specific temperatures (see
Table 1) for 30 s, and elongation at 72 °C for 90 s in a DNA
thermocycler (Perkin-Elmer, Oakville ON) for a total of 32
cycles. PCR products were run on 6% polyacrylamide gels
with 5% or 10% glycerol. All abnormal SSCP variants were
further analyzed by direct sequencing using dideoxy termina-
tion kits and α-35S-dATP (Sequenase PCR product sequenc-
ing kit, US Biochemicals, Cleveland OH). Every change in
the DNA was then confirmed by a restriction diagnostic di-
gest. Nonradioactive PCRs were performed with the same
conditions as before, including 0.2 mM dNTP. For restriction
digestion of exon 7, 5 Units of MaeIII (Boehringer Mannheim,
Indianapolis IN) were used and the digest products were run
on a 10% polyacrylamide gel. Automated genotyping using
fluorescein labelled microsatellite markers selected from the
Whitehead genome data base flanking the PEDF gene were
run on the 373 DNA sequencer (Applied Biosystems, Foster
City CA). Allele analysis was performed using the
GENESCAN and GENOTYPER (Applied Biosystems) pro-

grams. Normal controls consisted of 50 children (equal sex
ratio) from the province of Quebec (100 chromosomes). Al-
lele frequencies are noted per chromosome.

RESULTS
We established homozygosity for 17p13 alleles in one Greek
LCA proband for markers D17S796 and D17S804 but not
D17S938 or D17S786 (data not shown). We also found four
new intragenic base pair alterations, namely a Met72Thr poly-
morphism in exon 3 (T331C), a Thr130Thr polymorphism in
exon 4 (T506C), a G to A transition in intron 5 (nine base pair
upstream from splice acceptor site), and a Tyr321Tyr poly-
morphism in exon 7 (C1079T). Alterations in restriction sites
are listed in Table 2. Normal controls were checked for the
presence of each base pair change by restriction digestion. The
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      Primer sequences         Fragment length   T-ann
----------------------------   ---------------   -----

EXON 1
5'-ATCACAGAATCCAAATTGAGTGCAG   277 bp            65 °C
5'-TCTTTTCTGCTCCCTGGAGTGCCCC

EXON 2
5'-GAAGGGGTAGCGGGGCAGTGCAGTG   237 bp            68 °C
5'-GTTCCCTGTCCTGTTTCCCGTGCTG

EXON 3
5'-GACAGTCCCTGTGCATCTCTGCGAG   336 bp            68 °C
5'-TCAGCCACGTTTACGCAGAGGCCAC

EXON 4
5'-TGAGTATAGTGTCTGTGTTCTGGGA   310 bp            66 °C
5'-AAGACCCCCCCAGCCTGCAGCATGG

EXON 5
5'-GCTCTCAAAGACGGGATGCTTGTCG   354 bp            65 °C
5'-AGGGCTACAGAGTAAGACTCCATCG

EXON 6
5'-CAGCATGGCGCCACTGTCTTTCTGG   273 bp            65 °C
5'-TACCCTGTTTTGCTTCTCTATCCTC

EXON 7
5'-GGAAGGCAGCTCCTGGCTGTGTCTG   362 bp            68 °C
5'-CACAGTGGAAGGCCCAAAGACCCTG

EXON 8
5'-ATCCCAGCTTGCTTGCAAAGGGATC   435 bp            66 °C
5'-TGAAACCTTACAGGGGCAGCCTTCG

TABLE 1. INTRONIC PRIMER SEQUENCES ARE SHOWN WITH LOCATION, PCR
FRAGMENT LENGTH, AND THE ANNEALING TEMPERATURE (T-ANN)

Figure 1. Example of a restriction diagnostic digest for the Tyr321Tyr
polymorphism. The more frequent human allele has MaeIII sites that
generate bands of 136, 115 and 96 bp (a 14 bp fragment cannot be
seen) as shown in the first and third lanes from left to right. A ho-
mozygote for the Tyr321Tyr polymorphism (with one MaeIII site
destroyed) would have bands of 136, 129 and 96 bp. A heterozygote
has bands at 136, 129, 115, and 96 bp (as shown in the second and
fourth lanes on the gel image). An example from a Greek LCA pedi-
gree shows that one affected sib is heterozygous for the polymor-
phism (second lane), the other has two copies of the common allele
(third lane). Lanes in the image correspond to each of the family
members of the pedigree (lane one, the father; lane two, affected sib
number 1; lane three, affected sib number 2, and lane four, the mother).
The low molecular weight band in each lane is compatible with primer
dimer formation.



Exon   Polymorphism    Enzyme        Frequency       Frequency
                                  in LCA Patients    in Normals
----   ------------   ---------   ---------------   ------------

3      Met72Thr       BssSI       9/34 (26%)        14/48 (29%)
       T331C          Created

4      Thr130Thr      BstEII      9/34 (26%)        5/26 (19%)
       T506C          Created

5      G+9 A          BstUI       4/34 (12%)        6/48 (12.5%)
       Intronic       Destroyed

7      Tyr321Tyr      MaeIII      8/34 (23.5%)      13/24 (27%)
       C1079T         Destroyed

TABLE 2. FOUR NEW POLYMORPHISMS WITH THEIR RESPECTIVE EXONS,
CREATED OR DESTROYED RESTRICTION ENZYME SITES AND RELATIVE

FREQUENCIES.

frequency of each polymorphism is shown in Table 2. Pedi-
gree analysis with the new RFLPs excluded PEDF as the caus-
ative gene in three of five families. One family is shown in
Figure 1. The families excluded using the same polymorphism
(data not shown) were from the middle East, another was an
Amish family from Northern Germany, and one family was
from Greece. Linkage exclusion of the 17p13.1 LCA1 locus
in the large Amish family has also been reported by others
[23].

DISCUSSION
Early reports, on the molecular basis of LCA, demonstrated
its mapping to 17p13.1 and its genetic heterogeneity [18,19].
Shortly after, Perrault et al. [14], described LCA1, caused by
mutations in the RetGC gene. They analyzed eight families
linked to 17p13 and demonstrated that only four of them have
mutations in the RetGC gene. Thus, the possibility exists that
more than one gene in the same region can cause LCA. In this
report we explored the possibility that PEDF, a gene that may
promote photoreceptor differentiation and neuronal survival,
can cause LCA in families of diverse ethnic origin.

Our results here excluded the PEDF gene as a common
cause for Leber congenital amaurosis [24]. However, PEDF
remains an important candidate gene for inherited retinal dis-
eases that map to chromosome 17p13 [24] such as, autosomal
dominant retinitis pigmentosa [25-28], autosomal dominant
cone-rod dystrophy [29,30], and central areolar choroidal dys-
trophy [31]. For this group of diseases, our four newly de-
scribed single nucleotide polymorphisms will aid in future link-
age analyses. Evidence that PEDF may have an effect on the
differentiation of rods and cones is demonstrated by experi-
ments that show differentiation of retinoblastoma cells into
neuronal-like cells [21]. This suggests that PEDF may be a
factor involved in a programmed series of events that includes
both proliferation and commitment to a final differentiated
neuronal phenotype [20]. Further exploration towards the elu-
cidation of the role of PEDF in normal and pathological reti-
nal development remains to be done.
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