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Purpose: “Ant-egg” cataract is a rare, distinct variety of congenital/infantile cataract that was reported in a large Danish
family in 1967. This cataract phenotype is characterized by ant-egg-like bodies embedded in the lens in a laminar configuration and is inherited as an autosomal dominant trait. We retrieved the family and performed linkage analysis to determine the disease locus and identify the mutated gene.
Methods: The family (CC00103) was identified in a National Register of Hereditary Eye Diseases and updated based on
The Danish Civil Register System. Genome wide linkage analysis and haplotyping using STS marker systems were
carried out to achieve a LOD score above 3. The disease-causing candidate gene was sequenced and the mutation was
identified and verified by restriction enzyme digestion of genomic DNA from all individuals in family CC00103 and 60
healthy controls.
Results: Linkage analysis resulted in a LOD score of 3.91 for marker D13S1275 located close to the known cataract gene
GJA3. A novel missense mutation c.32T>C (L11S), was found by sequencing DNA from two affected members. The
mutation was present in all affected individuals and was neither found in unaffected family members nor in 60 healthy
individuals by restriction enzyme digests.
Conclusions: The congenital “ant-egg” cataract phenotype is caused by a L11S mutation in connexin46 (Cx46) located in
the signal peptide domain. Further studies are needed to unravel the mechanism leading to the formation of the “ant-eggs”.

Hereditary congenital and/or infantile cataracts (CC)
exhibit extreme phenotypic variability as to lens opacities,
giving rise to vivid designations such as stellate, pulverulent,
floriform, pisciform, coralliform, or breadcrumb-like cataract.
As regards localization within the lens substance, the most
frequent morphological types of CC are confined to the
nucleus, the lens sutures, the perinuclear layers (lamellar or
zonular cataracts), the cortex, the anterior or posterior polar
regions, or combinations of these [1].
Within families, the cataract phenotype often belongs to
the same morphological category. “Ant-egg” cataract is an extremely rare phenotype, first described in a five generation
family from Rostock, Germany [2,3]. A second family likewise exerting autosomal dominant transmission was reported
from Graz, Austria in 1939 [4]. A third family of Danish extraction was presented by Riise in 1967 [5]. In addition an
isolated case was published by Jaeger who introduced the name
“Ameiseneierkatarakt” [6].
The “ant-egg” phenotype is a lamellar cataract with dense
pearl-like or ant-egg-like structures imbedded in the lens, primarily confined to the perinuclear layers and to a lesser de-

gree in the fetal nucleus, leaving a clear cortical periphery.
During and after lens extraction these extremely hard lens inclusions are liberated from the rest of the fragmented lens
material and deposited in the anterior chamber, primarily on
the anterior surface of the iris (Figure 1).
The mechanism leading to these peculiar formations have
been subject to dispute. Riedl [4] held the opinion that the
elements which he named “lentoids” were due to an abortive
regeneration process originating from epithelial cells liberated
during lens extraction. This hypothesis was supported by the
observation of the formation of lentoids up to several years
after lens extraction. However, unlike the other authors, Riedl
did not have the opportunity to observe the cataracts prior to
operation.
According to the opposed view, the ant-egg-like formations are the result of a degenerative process of the lens fibers
surrounding the fetal nucleus [4,6]. In order to further elucidate the molecular mechanism behind the ant-egg formation
we retrieved the Danish family in order to perform linkage
and mutation analyses.
METHODS

Patients: The family (CC00103) was identified from a naCorrespondence to: Thomas Rosenberg, PhD, Gordon Norrie Centre
tional register of hereditary eye diseases kept at the National
for Genetic Eye Diseases, Kennedy Institute-National Eye Clinic, 1
Eye Clinic in Hellerup, Denmark. The pedigree (Figure 2A)
Rymarksvej, DK-2900 Hellerup, Denmark; Phone: +45 39452400;
FAX: +45 39452420; email: roseeye@visaid.dk
was updated through The Danish Civil Registration System
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kept by the Ministry of Interior Affairs and Health. After approval from the Scientific Ethical Committee the involved
family members were addressed, and after informed written
consent was obtained, venous blood was drawn from all affected members as well as their parents and siblings, if available. The updated family counted 43 members, 21 (10 affected
and 11 unaffected) of whom were included in this investigation. The study adhered to the tenets of The Declaration of
Helsinki.
DNA extraction: Blood samples were obtained from all
available first-degree relatives. Genomic DNA was extracted
from whole blood using standard procedures. Screening of
the connexin46 gene (GJA3) for mutations and polymorphisms
in the normal population was done on 60 independent persons
selected from the Copenhagen Family Bank [7].
Linkage analysis: A complete genome-wide linkage scan
was carried out using the ABI md-10 Linkage Mapping set
and ABI3100 sequencer (Applied Biosystems, Foster City, CA)

Figure 1. “Ant-Eggs” on the surface of the iris in an aphakic eye.
The photography is from the original examination [5] in December
1965 of individual II:6 who carries the L11S mutation.

Figure 2. Pedigree of family CC00103 and restriction enzyme digests of the individuals. A: Only the affected branch of the family is shown.
The disease haplotype is noted. Individuals II:2, II:6, and II:8 were analyzed by DNA sequencing, the remaining individuals were analyzed by
restriction enzyme digestion analysis. B: Restriction enzyme (Hpy188I) digests of the 21 individuals from CC00103. Ten members carry the
mutation and show three bands at 117 bp, 150 bp, and 200 bp, respectively. Unaffected individuals show two bands at 150 bp and 200 bp.
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technology according to the manufacturer’s protocol. Fine
mapping was carried out for regions with LOD scores higher
than 2 and additional STS markers were applied for the GJA3
locus at chromosome 13. Standard conditions for γ-33P-endlabeling of the forward PCR primers were used. (γ-33P-ATP
was purchased from Hartmann Analytic, Braunschweig, Germany) and T4-DNA-polynucletide kinase from Fermentas
(Vilnius, Lithuania). PCR standard conditions using the endlabeled PCR primer without further purification were carried
out under the following conditions: 95 °C, 20 s, 55 °C, 20 s,
and 72 °C for 30 s for 35 cycles using standard Taq-DNA
polymerase (New England Biolabs, Ipswich, MA). Two point
LOD scores for initial exclusion and mapping were calculated
using the program LIPED [8].
DNA sequencing and diagnostic restriction enzyme digests: The genomic sequence of GJA3 exon 2, and exon-intron border regions were bidirectional resequenced using
BigDye version 1.1 sequencing technology (Applied
Biosystems). The PCR primers (Table 1) were purchased from
TAG Copenhagen A/S Copenhagen, Denmark and Taq DNA
polymerases were purchased from various sources
(HotStartTaq DNA Polymerase, Qiagen, Hilden, Germany; Taq
DNA-polymerase, New England Biolabs; AmpliTaq Gold
DNA Polymerase, Applied Biosystems; and Platinum Taq
DNA polymerase, Invitrogen, Carlsbad, CA). Reactions were

carried out according to the manufacturer’s protocols. The
reaction volumes were a total of 15 µl containing 2.5 µM
DNTP, 10 µM of each primer, and 50-100 ng template DNA.
Standard reaction conditions for all primer pairs were 95 °C
for 5 min, 40 cycles 95 °C for 30 s, 56.4 °C for 30 s, and 72 °C
for 1 min, followed by 5 min at 72 °C. PCR reactions were
analyzed by 2% agarose gel-electrophoresis (1X TBE), by
staining with ethidium bromide before sequencing. The mutation was analyzed by restriction enzyme digestion using
Hpy188I (New England Bioloabs) in a volume of 20 µl using
2-4 µl PCR product and 5-10 units of Hpy188I according to
the manufacturer’s protocol, and the products were analyzed
by 20% acrylamide gel-electrophoresis (1X TBE). The PCR
product was generated using primers Cx46_CC103_L11Sf and
Cx46_ex2.2r (Table 1) under the same conditions as above.
Sequence data were analyzed using standard software and
alignments using ClustalW or BLAST and DNA sequences
were aligned to GenBank NM_021954.
RESULTS
Genome wide linkage analysis of family CC00103 (Figure
2A) resulted in a LOD score of 3.91 for STS marker D13S1275
(θ=0.0; Table 2). All affected individuals were carrying the
disease haplotype and all unaffected individuals did not carry
the haplotype. Close to D13S1275, 2.3 Mbp distal to the

TABLE 1.

PCR and sequencing primers for the connexin46 gene (GJA3).

TABLE 2.

Two point LOD scores of family CC00103. Distances in Mega-bp (Mbp) are according to the UCSC, May, 2004, NCBI build 35.
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Figure 3. Protein sequence and structure of
various connexins. A: Chromatogram of the
GJA3 DNA sequence from individual II:8 carrying the mutations (left) and an individual
having wild type alleles. A double peak at position 32 represents the T>C transition and a
shift of leucine to serine in the signal peptide.
B: ClustalW aligments of the first 18 amino
acids of the signal peptide of Cx46 in various
animals. The sequences are: mouse (Mus musculus), rat (Rattus norvegicus), dog (Canis
familiaris) armadillo (Armadillo officinalis),
elephant (Loxodonta africana), opossum
(Monodelphis domestica), chicken (Gallus
gallus), frog (X_tropicalis), and fish
(Tetraodon nigroviridis). The DNA sequences
used for translation are from the latest assemblies from GenBank and [23]. Below the
aligned sequences for the different species are
the aligned signal peptide sequences for 9 different human connexin proteins. Cx46 and
Cx50 are the only lens-specific expressed proteins. The conserved leucine at position 11 is
marked in yellow. The human sequences are
derived from the following GenBank accession numbers: Cx46, NP_068773; Cx50,
NP_005258; Cx32, NP_000157; Cx37,
NP_002051; Cx43, NP_000156; Cx40,
NP_005257; Cx59, NP_110399; Cx45,
NP_005488; and Cx46.6, NP_065168 [23]. C:
Prediction of the transmembrane helices in the
Cx46 protein shown in graphics. The location
and orientation of domains in the primary protein structure are shown on the X-axis and the
probability for forming αhelices is shown on
the Y-axis [10]. Cytoplasmatic, transmembrane, or extracellular regions are shown in
color on top of the plot. A horizontal red twoheaded arrow below the plot indicates the conserved connexin-domain. All known human
Cx46 mutations [13-19] are denoted above the
plot. Transmembrane mutationsare identified
by red arrows, mutations in the cytoplasmatic
regions are identified by blue arrows, and
mutations in the extracellular domains are
identified by violet arrows.

TABLE 3.

(GJA3) exon2 polymorphsims in family CC00103. In the “Protein or mRNA position” column, IC3 indicates intracellular domain 3 and
3’UTR indicates a 3' untranslated region.
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marker, the gap junction protein alpha 3 gene (CX46, GJA3)
is located. Sequencing of the coding exon 2 revealed the mutation c.32T>C, (L11S; Figure 3A). Restriction enzyme analysis by digest with Hpy188I demonstrated that all affected persons in family CC00103 carried the mutation and all unaffected did not (Figure 2B). Further restriction digestion among
60 unrelated controls did not detect the mutation. The mutation at position 32 in the coding region changes the codon
TTA for leucine to the codon TCA for serine. Prediction of
cleavage sites and a signal peptide using SignalP 3.0 based on
a combination of several artificial neural networks and hidden Markov models [9] suggest a most likely cleavage site
between position 41 and 42. The mutation L11S is in this signal peptide, which is responsible for trafficking of the gap
junction protein through the endoplasmatic reticulum (ER) and
the Golgi apparatus to the cell membrane. The structure of the
Cx46 protein as predicted by TMHMM Server (version 2.0)
[10] is in accordance with a four-transmembrane model conserved among all gap junction proteins (Figure 3C). ClustalW
alignment of the translated NH2-signal peptide in Cx46 demonstrate that the L11 position is conserved among 10 different
organisms and further that the L11 position is conserved in 8
of the human connexin genes (Figure 3B). Four known polymorphisms were found in the two sequenced individuals II:2
and II:8 (Table 3).

DISCUSSION
Four reports, three of which are light microscopic, deal with
the histological morphology of lens ant-eggs obtained during
operations. Stock [3] examined an extracted lens as well as
solitary pearl-like structures. These structures of which the
largest measured 0.34 mm were loosely embedded in the lens
nucleus without any connection with the surrounding degenerated lens fibers. They had a slightly rugged mulberry-like
surface and consisted of a laminar structure with deposits of
calcium carbonate. In a later histological study [4] the size of
the “lentoids” was estimated between 40 µm and 240 µm, the
majority, however, measured between 130-160 µm. A capsule
surrounded most “lentoids”. They had a layered composition
of parallel thread-like fibers reaching from one end of the
lentoid to the other. Each fiber had a flattened prismatic form
and measured 4x8 µm in cross-section. A few small and degenerate nuclei were present in some of the fibers. The authors considered the formation of “lentoids” as a failed attempt at regeneration [4]. Nissen and Schroeder [11] extended
the Danish family with another generation and added three
new cases. They also undertook a histologic examination of
the globular ant-egg-like structures and observed a central
calcified core surrounded by a lightly stained homogeneous
material. At the border between the core and the surrounding
area a transition zone with densely toluidine-staining material

TABLE 4.

Known mutations in GJA3 exon2. In the “Protein domain” column, SP indicates a signal peptide, TM refers to a transmembrane domain, EC
indicates an extracellular domain, and IC refers to an intracellular domain.
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was seen. An energy dispersive analysis revealed a high content of phosphorus together with calcium throughout the “antegg”. Finally, the latter authors performed an electron microscopic examination [12]. They observed membrane-limited
cytoplasmic bodies in the transition zone as well as the surrounding area. These inclusion bodies were often continuous
with linear five-layered structures that most likely represented
a fusion of two adjacent membranes and were interpreted as
derived from either the smooth endoplasmatic reticulum or
represented more or less collapsed lysosomes involved in
autophagocytosis or secretion vacuoles.
The L11S transversion is the first mutation found in the
signal peptide of Cx46; all other known mutations (Table 4)
are located in either the conserved four-transmembrane
connexin domain, the two cysteine-containing extracellular
domains, or in the cytoplasmatic COOH-terminus (Figure 3C)
[13-19]. All mutations are missense mutations except for
S380QfsX476 (S380QfsX476 is caused by the mutation
c.1137insC, a frame shift mutation in codon 379 and codon
S380 is the first affected amino acid) [16] (Figure 3C).
Aberrant location to the ER and/or Golgi has been shown
for the Cx46 frame shift mutation S380QfsX467 [20]. Minogue
et al. [20] verified experimentally that the wild type Cx46 protein and the truncated Cx46S380X protein were directed to
the plasma membrane and assembled into functional gap junctions, while the Cx46S380QfsX467 fusion protein was allocated to ER or Golgi compartments in transfected HeLa cells.
Very elegantly they demonstrated that a diphenylalanine-motif within the last 29 amino acids of the COOH-terminus of
the S380QX467 extension of Cx46 was responsible for the
aberrant trafficking of the mutated protein as observed in several chimeric constructs.
Interestingly, most hitherto known Cx46 cataract phenotypes are described as punctuate or pulverulent. These tiny
spots might represent small calcified tissue elements.
The L11 position in Cx46 is conserved among many organisms and in human connexin genes (Figure 3B). A corresponding G12S mutation in the signal peptide of the Cx32
protein (Figure 3B) [21] shows similarities with the phenotype observed for the ant-egg cataract. Martin et al. [21] proved
that the mutated Cx32-G12S protein was not properly directed
to the cell membrane, but was mainly present at intracellular
stores located adjacent to the nuclei. Double immunostaining
using antibodies to Cx32 and to p58, a cellular marker of the
Golgi compartment, demonstrated a predominantly Golgi location for the Cx32-G12S mutation. It is tempting to draw an
analogy to the Cx46-L11S mutation found in combination with
the ant-egg cataract resulting in a dislocation of the protein
and accumulation within a cytoplasmatic compartment. This
supposition is supported by electron microscopic observations
[12]. The high calcium and phosphorus content in the “anteggs” and the nature of the crystals [12] is in agreement with
the presence of calmodulin-binding domains in the NH2-terminal first 21 amino acids of Cx32 [22]. It is therefore likely
that a corresponding calmodulin-binding domain, which is a
Ca2+-binding protein that mediates many Ca2+-dependent pro-

cesses, also is present in Cx46 and is involved in the high
calcium-content of the “ant-eggs”.
The detailed mechanism involved in the formation the
large calcified accumulations of degenerate lens fibers, which
constitutes the ant-egg-like structures remains obscure.
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