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Intellectual disability associated with retinal dystrophy
in the Xp11.3 deletion syndrome: ZNF674 on trial.
Guilty or innocent?

Nathalie Delphin1, Sylvain Hanein1, Lucas Fares Taie1, Xavier Zanlonghi2, Dominique Bonneau3,
Jean-Paul Moisan4, Christine Boyle5, Patrick Nitschke6, Solenn Pruvost5, Jean-Paul Bonnefont1,
Arnold Munnich1, Olivier Roche7, Josseline Kaplan1,8 and Jean-Michel Rozet*,1,8

X-linked retinal dystrophies (XLRD) are listed among the most severe RD owing to their early onset, leading to significant visual

loss before the age of 30. One-third of XLRD are accounted for by RP2 mutations at the Xp11.23 locus. Deletions of ca. 1.2Mb

in the Xp11.3-p11.23 region have been previously reported in two independent families segregating XLRD with intellectual disability

(ID). Although the RD was ascribed to the deletion of RP2, the ID was suggested to be accounted for by the loss of ZNF674, which

mutations were independently reported to account for isolated XLID. Here, we report deletions in the Xp11.3-p11.23 region

responsible for the loss of ZNF674 in two unrelated families segregating XLRD, but no ID, identified by chromosomal microarray

analysis. These findings question the responsibility of ZNF674 deletions in ID associated with X-linked retinal dystrophy.
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INTRODUCTION

X-linked retinal dystrophies (XLRD) account for about 5–20% of
families with RD.1–4 Two genes, RP25 (MIM300757) and Retinitis
pigmentosa GTPase regulator6,7 (MIM312610), account for at least
80–90% of XLRD.4,8

In 1994, Aldred et al 9 reported a large kindred cosegregating XLRD
and intellectual disability (ID). Subsequently, affected patients were
found to carry a 1.27-Mb microdeletion in Xp11.3-p11.23 and the
disease was regarded as a contiguous gene deletion syndrome.10

Another 1.2-Mb deletion in Xp11.3-p11.23 was later reported in a
sporadic case of XLRD with ID.11 Both deletions encompassed exons
1–3 of RP2, the SLC9A7 (MIM300368), CHST7 (MIM300375),
ZNF673 (MIM300585) and ZNF674 (MIM300573) genes, and two
genes encoding highly conserved microRNAs (mir221 (MIM300568),
mir222 (MIM300569)). Although the retinal degeneration was
ascribed to the disruption of RP2 in both families, ID was suspected
to result from the loss of one or more genes of the interval; ZNF674, in
which mutations were identified in some patients affected with non-
syndromic ID, was regarded as a strong candidate gene.11 Here,
we report large Xp11.3-p11.23 deletions in two unrelated families
segregating non-syndromic X-linked cone-rod dystrophy.

CLINICAL EVALUATION

Two unrelated families were ascertained through the Genetic Depart-
ment at Necker Hospital in Paris. Written informed consents were
obtained from the participants of the study.

In Family 1, the propositus (IV6, Figure 1) presented with high myopia
at the age of 1. At the age of 3 years, macular and peripapillary retinal
atrophy were evidenced at the fundus. At the age of 5 and half years, the
atrophy had spread to the peripheral retina. Visual acuity was reduced to
4/200 (right eye (RE) and left eye (LE)). Electroretinographic (ERG)
recordings evidenced severe alteration of both photopic and scotopic
responses. The patient’s psychomotor development is normal since birth.
Today, at the age of 12, he has been enrolled in a school for the blind.

The review of the ophthalmological data revealed that affected male
relatives (III6, III7, III9, IV9 and IV10; Figure 1) displayed very similar
age and mode of onset of the disease, which is early severe myopia,
macular rearrangements with preservation of the peripheral retina, but
flat ERG responses before the age of 6. The disease worsened rapidly
(before the age of 12) with reduced caliber of the retinal vessels,
pigmentary deposits in the peripheral retina, night blindness and
residual visual acuity o20/200 by the age of 30. They all presented
with normal psychomotor development and were enrolled in normal
middle schools before enrolling in high schools for the blind.

In Family 2, the propositus (III7, Figure 1) presented with jerk
nystagmus, high bilateral myopia (�13.5doRE, �12.75doLE with astig-
matism �2.5doLRE), diffuse retinal pigment epithelium atrophy at the
fundus and normal ERG recordings at the age of 4 and half years old.
Visual acuity was not recorded at this age. At the age of 8, fundus
examination showed a bull’s eye aspect of the macular region with
peripapillary atrophy, peripheral atrophic retinal pigment epithelium with
some pigmentary deposits and thin retinal vessels (Figure 2). Visual-field
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recordings displayed a central scotoma and a constricted peripheral visual
field. Visual acuity was severely reduced (4/200 RE; 20/200 LE). Photopic
and scotopic ERG responses were severely altered. The patient presented
with normal psychomotor development since birth. Currently, at the age
of 8, he is enrolled in a normal school. His maternal uncle (II4, Figure 1)

developed normally. He presented with a high myopia since birth, but we
were unable to obtain any detailed clinical data.

The ophthalmological data recorded in patients of the two families
and summarized in Table 1 were consistent with the diagnosis of
X-linked cone-rod dystrophy.

Figure 1 Pedigree and haplotypes at the RP2 locus of the two families segregating Xp11.3 deletions with non-syndromic X-linked retinal dystrophy.

d: deleted. Base position according to UCSC Genome Browser GRCh37/hg19 assembly.

Figure 2 Ophthalmoscopic phenotype of Patient III7 (Family 2). (a) Fundus images showing peripapillary chorioretinal atrophy extending to the posterior

pole, thin retinal vessels in the periphery, and some osteoblasts-like deposits. (b) Autofluorescence images showing a ‘bull-eye’ aspect of the macular region.
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METHODS AND RESULTS

Linkage analysis using markers encompassing the RP2 and RP3 loci
revealed absence of amplification with markers located close to the
RP2 gene in male patients of both families, suggesting the presence of
deletions (Figure 1). To characterize the boundaries of the predicted
deletions, DNA of affected and unaffected males were subjected to
PCR, using primers designed to amplify a series of STS markers
specific to ZNF673, ZNF674, RP2 and PHF16 that lie in the DXS8083–
GATA160B08 interval (Table 2; gene order tel-ZNF673–ZNF674–RP2–
PHF16-cen). All PCRs resulted in positive amplification signals for
unaffected male individuals of both families. Conversely, some STS
markers could not be amplified from the genomic DNA of affected
patients, allowing the positioning of the deletion breakpoints between
the 5¢-end of ZNF673 and the 3¢-end of PHF16, and between the
3¢-region of ZNF673 and exon 5 of RP2 in families 1 and 2,
respectively (Figure 3, Table 2). Quantitative multiplex PCR of short
fluorescent fragments12 identified the deletion in two non-obligate
carriers (IV3 and IV8, Family 1; not shown, available on request).

DNA samples of affected individuals IV6 (Family 1) and III7
(Family 2) were further analyzed using comparative genomic

hybridization on a high-resolution oligonucleotide microarray
(Affymetrix Cytogenetics Whole-Genome 2.7-M Array, Affymetrix
UK Ltd, High Wycombe, UK). Calculation of test over reference
Log2 intensity ratios identified a 509-Kbp deletion in Patient IV6
(Family 1) DNA, which proximal and distal deletion breakpoints
mapped between probes C1DCNH and C1DCNJ (chromosome
interval 46 317 965–46 320 660), and C1DCZN and C1DCZ0
(chromosome interval 46 830 359–46 831 436), respectively.

The deletion encompassed sequences between the 3¢-end of ZNF673
and the 5¢-half of PHF16 (Figure 3). Positions of the deletion
boundaries were consistent with those suggested by PCR analysis of
the STSs of the region (Figure 3; Table 2).

Patient III7 (Family 2) carried two neighboring deletions,
encompassing 431 and 388 Kbp, respectively (Figure 3). Proximal
and distal breakpoints of the centromeric deletion mapped
between probes C1DCNZ and C1DCO0 (chromosome interval
46,336,830–46,350,109), and C1DCX4 and C1DCX6 (chromosome
interval 46,738,728–46,740,394 intervals), respectively. The deletion
encompassed sequences between the 3¢-UTR of ZNF673 and RP2
intron 4 (Figure 3). These data were consistent with the PCR analysis

Table 1 Main ophthalmological data of male patients of the two families supporting the diagnosis of X-linked cone-rod dystrophy

Patient Refraction data Visual acuity Fundus aspect

F1-III6 NA o4/200 LRE with nystagmus (41 y.o.a) Retinal and optic atrophy (41 y.o.a)

F1-III7 �9.5do LRE (30 y.o.a) 4/200 LRE (30 y.o.a) Marked central and peripapillary atrophy (30 y.o.a)

F1-III9 High myopia Blindness (50 y.o.a) Marked central and peripheral atrophy (50 y.o.a)

F1-IV6 �7.75doRE; �8.50doLE (5.5 y.o.a) 4/200 LRE (5.5 y.o.a) Marked central and peripapillary atrophy (3 y.o.a and 5.5 y.o.a)

F1-IV9 �6doRE;�7doLE (12 y.o.a) Blindness RE; 20/200 LE (30 y.o.a) NA

F1-IV10 �4.5doRE; �4.25doLE Blindness LRE (34 y.o.a) NA

F2-II4 High myopia Blindness LRE (45 y.o.a) NA

F2-III7 �13.5doRE; �12.75doLE (8 y.o.a) 4/200 RE; 20/200 LE (8 y.o.a) Macular and peripapillary atrophy RPE atrophy (8 y.o.a; Figure 3)

Abbreviations: NA, not available; LE, left eye; RE, right eye; LRE, left and right eyes; y.o.a, years of age; Do, dioptres.
All patients presented with normal psychomotor development and normal education course in normal schools or schools for the blind. Elder patients are socially and professionally integrated. The
age of patients when examined is given between brackets.

Table 2 Names, sequences and locations of primer pairs used to characterize the Xp11.3 deletions identified in patients IV6 (family 1) and

III7 (family 2), respectively

Name of primer pair Description Forward (5 ¢–3 ¢) Reverse (5 ¢–3 ¢) Amplicon position

Patient IV6

(Family 1)

Patient III7

(Family 2)

a Non-coding region 5¢-tgacctagtatgtggctcttag-3¢ 5¢-gctcacagttttgcaggctg-3¢ 45793 994–45 794 077 + +

b Non-coding region 5¢-gcaaatgttagtgggaggcagt-3¢ 5¢-ggacactcagttctgggctg-3¢ 45794 917–45 795 087 + �
c Non-coding region 5¢-gtacatggtaggtccttgac-3¢ 5¢-gtaattgggttcagttcttc-3¢ 46226 804–46 226 938 + �
d Non-coding region 5¢-atgatcgttgtgactgctatg-3¢ 5¢-attcaactgtcttactaggtc-3¢ 46229 405–46 229 520 + +

e ZNF673 (exon 1) 5¢-ctggaagccgccatcttg-3¢ 5¢-ctgtagagccaccctgtcac-3¢ 46306 576–46 306 893 + +

f ZNF673 (intron 6) 5¢-tgtaagtaacccctgattct-3¢ 5¢-agaagaaatttaaagtgagg-3¢ 46331 674–46 331 923 � +

h ZNF674 (3¢-UTR) 5¢-aagttcagattccaccagtg-3¢ 5¢-tagcaggagcaaattacctg-3¢ 46356 614–46 356 478 � �
g ZNF674 (5¢-UTR) 5¢-gagcgtccttgtggggattg-3¢ 5¢-tctggcagttaccaccgggt-3¢ 46404 686–46 404 576 � �
i RP2 (exon 1) 5¢-tccggagagctgcgaggccg-3¢ 5¢-ggagcggctcagggaggctg-3¢ 46696 438–46 696 684 � �
j RP2 (exon 2) 5¢-caatagtcctttagttgatac-3¢ 5¢-agtactccagagtggtacat-3¢ 46712 841–46 713 641 � �
k RP2 (exon 3) 5¢-tcagtgtgctgttgttgcat-3¢ 5¢-caaatgagaaagagaaggcaatg-3¢ 46719 316–46 719 645 � �
l RP2 (exon 4) 5¢-ccctcaaagaagatgctgga-3¢ 5¢-tccaagcaacattagggaca-3¢ 46736 836–46 737 129 � �
m RP2 (exon 5) 5¢-ctgtggagaacatgggcttt-3¢ 5¢-aaaccattgctaatacacaaaagtg-3¢ 46739 046–46 739 296 � +

n PHF16 (exon 1) 5¢-acagccgaggcatctgcac-3¢ 5¢-attcctgacactgtgcgctc-3¢ 46771 559–46 771 869 � +

o PHF16 (intron 2) 5¢-tcaaacaggcaatcaccaaa-3¢ 5¢-tcctccattctgctgttgtg-3¢ 46830 184–46 830 342 � +

p PHF16 (intron 2) 5¢-gggcaggaattcacccttcggg-3¢ 5¢-acaggactttcagccatgcttaggga-3¢ 46833 831–46 834 118 + +

q PHF16 (exon 11) 5¢-gccattgggagagtattgac-3¢ 5¢-gaaggttaagaggtaatacttc-3¢ 46920 361–46 920 526 + +

Amplicon position according to UCSC Genome Browser GRCh37/hg19 assembly.
+: positive PCR amplification signal; �: negative PCR amplification signal.
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of the STSs of the region (Figure 3; Table 2). Proximal and
distal breakpoints of the telomeric deletion, which encompassed
no known gene, mapped between probes C1DCFA and C1DCFB
(chromosome interval 45 794 008–45 794 890), and C1DCM2 and
C1DCM3 (chromosome interval 46 226 847–46 229 422), respectively.
This result was confirmed by PCR analysis using primers designed to
amplify STS markers flanking the deletion breakpoints (Figure 3;
Table 2).

Gene order and probe positions are those of UCSC Genome
Browser GRCh37/hg19 assembly (http://genome.ucsc.edu/).

DISCUSSION

The ophthalmological phenotype of the patient harboring a Xp11.3-
p11.23 microdeletion reported by Lugtenberg et al 11 was poorly
described. Conversely, the phenotype of the male patients in both
families (Table 1) is consistent with the atypical phenotype of macular
and peripapillary retinal atrophy reported earlier on a patient carrying
a 4-bp deletion in the RP2 gene responsible for absent protein,13 and
to that of patients harboring a 1.2-Mb deletion of the Xp11.3-p11.23
region described by Aldred et al.9 Together, these data suggest a strong
correlation between this particular phenotype and the loss of RP2,
which mutations usually account for rod-cone dystrophy.

In both families, all male patients (n¼9, information available in 8/9)
presented with normal psychomotor development since birth, despite
the loss of the coding sequence of the ZNF674 gene. This observation
raises the question of the relevance of the deletion of ZNF674 in the ID
of patients cosegregating this feature with XLRD. Yet, it is worth
noting that the Xp11.3-p11.23 deletions in these patients encompassed
two highly conserved microRNAs – mir221 and mir222 – which were
not deleted in the patients with isolated RD we report here. The two
mirRNAs belong to the same cluster and they are not involved in
structural genomic variation to our knowledge (Figure 3). They have
an important role in cell cycle checkpoint that ensures cell survival by
being involved in the coordination of cell proliferation.14 Both of them
are expressed in the adult brain.15 During early fetal life, they are
highly expressed in the cortex and cerebellum when neuron terminal
differentiation is abundant.16 As the brain develops, they exhibit
decreasing expression in the cortex and increasing expression in the
cerebellum, in which growth appears later compared with the cortex
and continues after birth.16 These data suggest that mir-221 and mir-
222 have a role in the regulation of brain development. Interestingly,
through the screening of all known brain-expressed X-chromosomal
mirRNAs in a cohort of 464 patients with non-syndromic X-linked
ID, only four nucleotide changes were identified in three mirRNAs, of

Figure 3 Comparative genomic hybridization profiles of chromosome Xp11.3–p11.23, using high-resolution oligonucleotide microarray (Affymetrix

Cytogenetics Whole-Genome 2.7 M Array) and PCR analysis of the region. Patient IV6 – Family 1 (upper panel) harbors a large deletion encompassing a

509-Kb sequence flanked by the C1DCNH and C1DZO probes. Patient III7 – Family2 (lower panel) harbors two close deletions: (i) a telomeric 431-Kb

deletion flanked by the C1DCFA and C1DCM3 probes containing no known gene and (ii) a 388-kb centromeric deletion flanked by the C1DCNZ and C1DCX6

probes. The deleted regions in both patients included ZNF674, but not mir221 and mir222. The results of the array comparative genomic hybridization

are consistent with the PCR analysis. The sequence and position of PCR amplicons a–q are presented in Table 2. +: Positive PCR amplification signal;

�: negative PCR amplification signal. Structural genomic variations of the Xp11.3–p11.23 region are shown; inversions are in purple, whereas CNVs and

indels resulting in a gain in size or a loss in size are in blue and red, respectively.
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which two out of four lie within the mir222 and segregated with the
ID in two independent families.17 Although, it was not proven that
these two changes underlie the disease, it was suggested that they
might affect the Drosha cleavage site of the pre-mir222 and conse-
quently might be able to influence the processing of its RNA products.
Eventually, it is reasonable to consider that the ID in patients reported
by Aldred et al 9 and Lugtenberg et al 11 may be accounted for by the
loss of mir222, with or without that of mir221.

That being said, one should remember that the screening of the
ZNF674 gene in 28 XLID families and 309 index patients with previous
family history suggestive of X-linked inheritance resulted in the identi-
fication of a nonsense and two missense mutations in three patients,
respectively.11 The absence of ID associated with the deletion of the
ZNF674 gene is not inconsistent with the implication of ZNF674 point
mutations in X-linked non-syndromic ID. These mutations may act in a
dominant manner, including the nonsense mutation p.E118X.11 Indeed,
the p.E118X mutation, which lies in the last exon of the gene, was present
in patients’ mRNA, suggesting that the aberrant transcript is not prone to
nonsense-mediated mRNA decay and may be translated into a protein
lacking the 462 carboxy-terminal amino acids, with a similar structure as
that of the predicted ZNF673 protein, although 54 amino acids shorter.
This truncated protein may not be capable of DNA binding due to the
loss of the zinc finger domains, but might still bind to its co-repressor
KAP-1 and interact with the N-CoR complex. In this context of
dominant ZNF674 point mutations, preferential inactivation of mutant
X chromosomes would explain the absence of clinical expression in
mothers. Interestingly, in the family segregating the p.E118X mutation, all
five obligate carriers presented with skewed X-inactivation.11

In conclusion, other families are needed to determine the exact role
of the ZNF674 gene in the occurrence of non-syndromic and
syndromic ID, as well as the potential role of mirRNA close to this
gene and deleted in the Xp11.3 syndrome, but not in the two families
reported here.
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