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DNase Il like acid DNase (DNase |1, DLAD) is expressed in human and murine cells in the lens. Studies in mice have
reported that abnormal degeneration of cellular organelles by DLAD reduced lens transparency and that the DLAD gene
may be involved in cataract formation. The aim of the present study was to search for possible genetic alterations in
the DLAD gene in human senile cataract. Anterior lens capsule material was collected during surgery from 55 patients
with senile cataract, with or without a subcapsular component. Total DNA was extracted, amplified by polymerase chain
reaction and sequenced for exon 3 (n = 51) exon 4 (n = 40) and all 6 exons of the DLAD gene (n = 27). No mutation was
found. There were genomic polymorphisms in all exons except 3 and 4. Nonsynonymous genomic polymorphisms were
detected in exon 1 (rs738573) and exon 2 (rs3754274) and synonymous polymorphisms were detected in exon 5
(rs7511984) and exon 6 (rs3768250). In contrast to findings in mice, based on the limited samples analyzed, this study

suggests that human age-related nuclear cataract is not associated with DLAD mutations.
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INTRODUCTION

The lens is an avascular tissue that focuses light onto the
retina. It consists of closely packed fibers that are produced
continuously by the differentiation of epithelial cells located
near its equator. During their proliferation, differentiation and
migration toward the nucleus, the epithelial cells elongate and
their light-scattering organelles, including the endoplasmic
reticulum, mitochondria, golgi apparatus and nucleus,
disappear, together with housekeeping enzymes (RNA
polymerase and DNA polymerase, etc.) (Bassnett, 2002).

Concomitantly, the production of lens-specific proteins
and crystallins increases. The lens nucleus is composed
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Abbreviations: DLAD, DNase Il like acid DNase; LOCS, lens
opacities classification scale; PCR, polymerase chain reaction.

of fully differentiating fiber-like cells (Nakahara et al.,
2007). Because there is no cell turnover, the lens grows
throughout life (McAvoy et al., 1999; Piatigorsky, 1981).

Accordingly, the cortex of the adult lens has two
populations of fiber cells: a cortical layer of differentiating
cells that contain organelles and the nonnucleated fiber
cells that do not contain organelles. Several organelle-
degradation mechanisms have been proposed, most
prominently apoptosis (Dahm, 1999; Ishizaki et al., 1998;
Zandy and Bassnett, 2007), cytosolic degradation (van
Leyen et al., 1998) and autophagy (Vrensen et al., 1991).
Autophagy has been extensively studied in yeast and
several molecules involved in this process have been
identified (Nagata, 2005). However, the pathways involved
in the differentiation of fiber cells are still elusive.

The loss of organelles during fiber cell differentiation
apparently occurs to ensure the transparency of the lens
(Nagai et al., 2006). Cataract is an alteration in the optical
homogeneity of the lens or a decrease in its trans-parency.
It leads to decreased vision and even blindness.
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Table 1. Primers and polymerase chain reaction (PCR) reaction conditions.

Exon Primers Product size bp Annealing temperature(°C)
1F 5-CGCCTTGAAACTCAGACTCC 239 56
1R 5-ATGCAGCAGTCCTTCCATTT

2F 5-CTGCCACAGGAAAACAGTCA 307 56
2R 5-ACTCTGGTGAAGGCTTTGGA

3F 5-GGGCGTTTGTAAGTGGAAGA 174 56
3R 5-TTCCAGTAGGAAAGAGAAACCAA

4F 5-TGTTGCCACTGTGAACCCTA 300 60
4R 5-TTTCCAAATCATTTCTTCAACA

5F 5-TGCCTTTGTTTTTGTGTTGTTT 343 56
5R 5-CAGCATGTTGTTTGATGATGG

6 F 5’-CATCCACATATCAGGGGTGA 718 56
6 R 5-TTGGAGTTGACTAATGTGGAAAAA

Although cataract may result from normal aging, multiple
factors can contribute to this process, including the
precipitation and degradation of proteins, exposure to
ultraviolet light, exposure to oxidative and other toxic
agents, genetic factors, diabetes, smoking, poor nutrition
and alterations in endocrinic or enzymatic equilibrium
(Cekic et al., 1999; Dilsiz et al., 1999; Garland et al., 1988;
Garland, 1999; Tumminia et al., 2001). DNase lI-like acid
DNase (DLAD; also known as DNase II3) is expressed in
human and murine cells, specifically in the lens, and in the
liver, salivary glands, and lungs (Nakahara et al., 2007,
Nagai et al., 2006). Its role in de-grading DNA during lens
cell differentiation was reported in a study of mice deficient
in the DLAD gene (Nishimoto et al., 2003). The failure to
degrade DNA led to the development of cataract and the
accumulation of unde-graded DNA in the fiber cells.
Nishimoto et al. (2003) identified mutations in the activated
enzymatic site of exons 3 and 4 of the DLAD gene in
cataractous mice.

Recently, Nakahara et al. (2007) found that the DLAD
protein is localized to lysosomes of the cortical fiber cells,
close to the organelle-free zone. Its absence from
epithelial cells indicated that DLAD expression is induced
during differentiation of the epithelial cells into fiber cells.
Immunohistochemical analysis suggested that this pro-
cess involves the fusion of the nuclei with the lysosomes
and DLAD digestion of the chromosomal DNA.

We sought to determine if findings in murine models
could be extended to humans. The aim of the present
study was to explore the role of genetic variations in the
DLAD gene in human age-related cataract formation.

METHODS
Patients

The study group included 55 patients undergoing routine cataract

surgery at a major tertiary medical center. All patients signed an
informed consent form. All were examined preoperatively by slit-lamp
and categorized by cataract type according to the Lens Opaci-ties
Classification Scale (LOCS) Background data were derived from the
medical files. Anterior lens capsule material excised during surgery
(one sample per patient) was analyzed for mutations in exons 1 to 6
of the DLAD gene. The study was approved by the institutional and
national review boards.

DNA isolation

The capsules containing single-layer lens epithelial cells were
suspended in 5 ml of conservation medium until isolation of genomic
DNA. DNA was extracted using standard sodium dodecylsulfate
(SDS)/proteinase K digestion followed by phenol-chloroform
extraction and ethanol precipitation.

Detection of DLAD mutations

The 6 exons of the DLAD gene were analyzed using polymerase
chain reaction (PCR) amplification and direct sequencing. PCR
primer sequences were designed with the Primer 3 Program
(http://frodo.wi.mit.edu/rgi-bin/primer3/) and are listed in Table 1.
PCR amplification was performed in a 50 pL reaction volume
containing 100 ng of sample DNA as a template. Details of the
conditions for each reaction are summarized in Table 1. The PCR
parameters were as follows: denaturation at 95°C for 5 min, 35 cycles
of 1 min at 95°C, annealing at 56 - 60°C for 1 min (Table 1) and
extension of 1 min at 72°C with Taq polymerase. The PCR product
was amplified on 2% agarose gel and visualized with ethidium
bromide staining. Direct sequencing of the PCR products was
performed with Big Dye Terminator Cycle Sequencing reagents
using the ABI PRISM 3700 DNA Analyzer (Applied Biosystems,
Foster City, CA).

RESULTS

The patient group consisted of 33 women and 22 men
aged 47 to 93 years (mean 75.8 years + 8.5). All were
Caucasian Jews. All cataracts had a nuclear component,



Table 2. Comparison of genotypic variations and frequencies in Caucasian Jews in our study and other ethnic populations.

SNP Data SNP Frequency (%)
Exon SNP ID Alleles Amino acid Ammo.acld Our results European Chinese Afrf" Japanese
change co-ordinate American

CC- 11 CC- 125 CC-8.3 CC-0 CC-18.2

1 Rs3738573 CIG QH 3(3) CG- 45 CG- 50 CG-45.8 CG-30 CG-43.2
GG- 45 GG- 375 GG-45.8 GG-70 GG- 38.6

AA-13.5 AA-8.3 AA- 111 AA-0 AA-13.6

2 Rs3754274 AlG RIK 51(2) AG- 32 AG-41.7 AG-42.2 AG-22.7  AG-455
GG- 54.5 GG-50 GG-46.7 GG-773  GG-40.9

CC-74 CC-71.9 CC-97.8 NO DATA CC-95.5

5 RS7511984 CIT Y 248(3) TC- 26 TC- 24.6 TC- 22 NO DATA TC- 45

TT- 0 TT-35 TT- 0 NO DATA TT- 0

CC-15.7 CC-125 CC-15.6 CC-91 CC-18.2

6 Rs3768250 CIT H 305(3) TC- 47.3 TC- 58.3 CT- 511 CT-40.9 CT-47.7
TT- 37 TT- 29.2 TT- 33.3 TT- 50 TT- 341

and 7 also had a cortical component.

No mutations were detected on analysis of the DLAD
gene. A number of genomic polymorphisms were found in
exons 1, 2, 5, and 6; all of them were previously

reported in the Genome Database
(http://www.ensembl.org/index.html) (Table 2). The PCR
amplification products for each exon are presented in
Figure 1. DNA alterations and base-pair positions related
to the sequences were deposited in the Genebank
(Homosapiens DLAD chromosome 1, NM 058248).

The polymorphisms and their frequencies are des-cribed
in Table 2. Nonsynonymous single-nucleotide
polymorphisms (SNPS) were identified in exons 1 and 2
(Table 2, Figure 2). Exon 1 was characterized by a
glutamine to histidine change; SNP frequencies were as
follows: CC 12, CG 44 and GG 44%. Exon 2 had an
arginine-to-lysine change; SNP frequencies were GG 54.5,
GA 37.5 and AA 8%. Synonymous polymorphisms were
detected in exons 5 and 6 (Table 2, Figure 2): in exon 5 for
aspartate, with frequencies of 74% for CC, 26% for CT and
0 for TT, and in exon 6 for histidine, with frequencies of
37% for TT, 47% for TC, and 16% for
CC. No polymorphisms were found in exons 3 and 4 in
any of the samples tested.

DISCUSSION

We investigated the possible relationship of epithelial cell
organelle degradation by lens DLAD and senile nuclear
cataract in humans. To our knowledge, this is the first study
to explore DLAD mutations in this setting.

Our study was prompted by findings in a DLAD-deficient
mouse model wherein no nuclear DNA degradation
occurred during lens cell differentiation

(Nishimoto et al., 2003). Specifically, in the DLAD-null fiber
cells, naked DNA remained in the cytoplasm, but the
mitochondria, the endoplasmic reticulum and the nuclear
membrane were completely lost. The mice acquired weak
cataracts and their response to light was severely reduced
(Nishimoto et al., 2003). The data suggested that the
nuclei disappear from fiber cells to ensure the
transparency of the lens and that cataract develops as a
direct consequence of the accumulated DNA. If other
organelles are left undigested in the lens, they may also
cause cataract. This observation led to the assumption that
human cataract, too, might be caused by a genetic defect
that impairs degradation of the organelles during lens cell
differentiation (Nagata, 2005). The findings were
supported by the study of Nakahara et al. (2007), who
reported that DLAD was a major acid DNase in nuclear
cataract in the mouse.

We analyzed DNA extracted from the capsule of nuclear
cataracts, with or without cortical components, of 53
patients. No truncating mutations or inactivating mutations
were found. By contrast, studies in transgene mice with
cataract identified mutation in exons 3 and 4 of the DLAD
gene (Nishimoto et al., 2003). We speculate that despite
the sequence similarity of human and mouse DLAD and
the apparently similar mechanism that regulates lens
transparency in the two species, different genes or
different genomic variations in some genes are involved in
the process. Interestingly, our results are in line with the
conclusion of Nagai et al. (2006) that undigested DNA is
not located in the nuclear portion of the lens.

Hawse et al. (2005) analyzed the gene expression
profiles of epithelial and fiber cells in the human lens and
found global differences between them, although their



Figure 1. Gel electrophoresis of the PCR products of the 6 DLAD exons.
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Figure 2. DNA sequence for exon 1 and 5 in a few samples. Note heterozygosity (arrow).

analysis did not clearly point to genes other than DLAD that
might play a role in organelle degradation. Given that
DLAD is active in acid conditions and is probably localized
to the lysosomes, the process of DNA degrada-tion may
involve a canonical autophagic mechanism (Nakahara et
al., 2007). However, Matsui et al. (2006) failed to detect
any abnormalities in lens cell differen-tiation in mice
lacking Atg5, a protein essential for autophagosome
formation.

The genotype variations and the distribution of the SNP
in exons 1, 2, 5 and 6 were similar to those reported
previously in studies of the genomic polymorphism of
DLAD in Chinese and Japanese populations, but different
from those in African and African-American populations
(Genome Browser). Although we found no association
between cataract formation and genotype, the different
distributions in the Africans/African-Americans are in line
with the different type of cataract (cortical rather than
nuclear) that characterizes these populations, which
occurs at an earlier age.

The present study was restricted to senile cataract and
we cannot extrapolate the findings to other types of
cataract, such as cortical or congenital cataract or acquired
cataract in younger groups. However, even when the
nuclear cataract had a cortical component, no mutation
could be detected. Many studies have presented evidence
of a genetic component in the risk of congenital cataract,
but none has explored the role of DLAD.

Our study was also limited by the small size of the
sample. Furthermore, although we screened all exons, we
did not examine mRNA expression or levels of the protein
itself, or enzymatic dysfunction in the lens. Never-theless,
the results may suggest that DLAD mutations are not
associated with nuclear cataract in elderly people. The
guestion of whether animals are a good model to define
genes involved in acquired human disease is still
unresolved. The widespread occurrence of cataract in the
elderly may point to multiple causative factors. Moreover,
given that some eyes are spared, it is possible that a



DLAD mutation is not enough to account for the sequence
of events leading to the development of cataract. Recent
studies report an increase in the annual incidence of
cataract surgery in younger patients (Francis and Moore,
2004), which may coincide with changes in other risk
factors.

Further studies in larger populations are needed to
evaluate the role of DLAD in different types of the cataract
and the possible involvement of protein dysfunction.
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