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Is the variant c.422+90G→A in intron 4 of indoleamine 2, 3 dioxygenase (IDO) gene related to age related cataracts?
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Purpose: To screen for sequence variations in the IDO gene that encodes indoleamine 2, 3- dioxygenase (IDO), the first
rate limiting enzyme involved in the tryptophan catabolism which results in the production of UV filters playing a role in
the maintenance of lens transparency.
Methods: We conducted a case-control study to screen for sequence changes in the IDO gene and associated demographic
risk factors in patients with nuclear (NC-110), cortical (CC-110) and Posterior sub capsular (PSC-111) cataracts in
comparison to normal controls (210) from Hyderabad, India.
Results: Among the cataract types studied high risk was observed for CC and PSC types in female patients, individuals
with low body mass index and smoking habit. Cataract development had early onset more frequently in cases of PSC
followed by CC and NC. Screening by single strand conformation polymorphism (SSCP) revealed mobility shifts in 6 of
the 331 patient (3 with NC and 3 with PSC) samples which upon sequencing confirmed the presence of G→A transition
(c.422+90G→A; rs4613984) in the intron downstream to exon 4 of IDO which was further tested by RFLP anlaysis using
the HhaI restriction enzyme. Of the 6 patients, one with nuclear cataract showed homozygosity and the remaining five
showed heterozygosity for the substitution. None of the control samples showed this variation.
Conclusions: It is possible that the substitution c.422+90G→A; rs4613984 in an intron downstream to exon 4 of IDO
may be related with cataract formation among the aged.

Cataract is an age related condition characterized by
progressive opacification of the ocular lens leading to visual
impairment and blindness. It accounts for an estimated 16
million cases world wide, with approximately half of all the
cases originating from Africa and Asia [1]. Ultraviolet (UV)
light, diabetes, aging and female gender are identified as the
major risk factors for the development of cataracts [2,3].
Formation of cataract is an outcome of numerous post
translational modifications of crystalline proteins in the lens
involving oxidation, cross-linking, truncation, and
aggregation [4]. The modified proteins accumulate in the lens
with age adding color, fluorescence, and insolubility [5,6].
Protein modification may also result due to thermal or
photochemical reaction of UV filters like kunurenine (KN)
and 3hydroxy kynurenine (3-OHKN) [7-9] formed during
tryptophan catabolism. The UV filters get covalently attached
to the lens proteins, influence protein functionality and
increase their susceptibility to UV light [10,11]. In normal
lens, with aging, the levels of free UV filters are decreased
and the proteins in the lens get modified by UV [8,12-15]. In
cataract lens the levels of free and protein bound UV filters
are found to be much lower as compared to normal lenses of
the same age while the levels of tryptophan – the precursor of
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kynurenine pathway is much higher [12,14,16]. This indicates
possible impairment in the catabolism of tryptophan in
cataractous lenses and also degradation of UV filters under
oxidizing conditions [17]. From their work on the OXYS
(cataract model) and Wistar (control) rats Snytnikova et al.
[17] found a dramatic change between the two strains in the
content of tryptophan and kynurenine during the postnatal
development. They concluded that the kynurenine pathway of
tryptophan catabolism does not play a significant role in
cataract development in rat lens at the stages of cataract
manifestation but an imbalance in the kynurenine pathway at
early stages can create a metabolic background for future
cataract development. Studies on human lenses in early stages
of cataract are limited and the reports available on the
biochemical contents are on the developed cataracts that are
surgically removed. Street et al. [16] found the levels of UV
filter compounds, UV filter precursor amino acid i.e.,
tryptophan, tyrosine, and uric acid to differ in Indian cataract
lenses when compared to control lenses. They suggested that
the metabolism of large proportion of patients with cataract
may be different from persons with normal lenses with
possible upregulation of aminoacid transporter system in
cataract patients. As the levels of kynurenine were not
significantly different in cataract lenses as compared to
normal lenses they also concluded that there could be a defect
in the lenticular UV filter pathway at one or both the steps that
convert kynurenine to 3OHKG.
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The first step in the process of tryptophan catabolism
leading to the production of UV filters involves the oxidative
cleavage of the pyrrole ring of tryptophan to N-formyl-Lkynurenine which is catalyzed by the enzyme indoleamine 2,3
dioxygenase (IDO) [18,19]. The enzyme is widely expressed
in placental trophoblast giant cells of fetal origin, epididymis,
gut, lymph nodes, spleen, thymus and lungs. Overexpression
of the enzyme is seen in many human diseases like different
types of cancers, chronic infectious diseases, allergy and
autoimmune disease etc [20-22]. Apart from its key function
of downregulating, the T-cell immunity, the enzyme also acts
as scavenger of free radicals generated in tissues like lens
which may help to prevent lens opacification [23].
Interindividual differences in IDO expression are also
reported implicating inherited variations in the gene sequence.
The IDO protein is encoded by the gene designated as IDO or
INDO (OMIM 147435) and is located on chromosome 8p12–
11 [24]. IDO is a single copy gene comprising 10 exons
spanning 15 kb and codes for a protein of 403 amino acids.
Sequence variations are reported in the IDO gene in the
NCBI database describing 43 variants in human IDO gene
covering exon and intronic region and their boundaries but
with no clinical associations including cataract. Arefayene et
al. [25] in their study using Coriell DNA samples (48 African
Americans and 48 Caucasian Americans) found 24 IDO
variants of which 17 were in exons, introns or exon/intron
boundaries while 7 were within 1.3 kb upstream of the
translation start site. They identified 22 putative transcription
binding sites within 1.3 kb upstream of the translation site and
two of the SNPs detected were located in GATA3 and FOXC1
sites. Amani et al. [26] identified 10 SNPs; four exonic and
six intronic regions of IDO gene in Iranian women with
recurrent spontaneous abortions of which three have been
registered with the NCBI single nucleotide polymorphism
(SNP) database which were however not associated with
recurrent spontaneous abortions.
The sequence variations in IDO gene may have a
functional role influencing UV filter production and cataract
formation. Hence, the present study was performed to screen
for variations in the IDO gene in Indian patients with different
types of age related cataracts (ARC).
METHODS
We attempted to screen all the ten exons and exon-intron
boundaries of IDO gene for sequence variations and their
possible pathogenic role leading to age related cataracts by
single strand confirmation polymorphism (SSCP) followed by
sequencing of samples with mobility shift. The patients
studied were from among the inpatients recruited for surgery
at Sarojini Devi Eye Hospital and Institute of Ophthalmology,
Hyderabad, India. The type of cataract was determined by the
ophthalmologists concerned following LOC- III classification
[27]. A total of 331 cases ([110-Nuclear cataract [NC]; 110Cortical cataract [CC], and 111-Posterior sub capsular
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cataract [PSC]) were screened along with 210 healthy normal
individuals selected at random by personal contacts, by house
visits and from among the employees of Government and
private organizations with the provision for annual health
check up. The patients and controls were explained about the
purpose and outcome of the study and only those who gave
their consent to participate in the investigations by providing
the blood samples and demographic history were considered.
The study was approved by our Institutional Ethical
Committee.
Inclusion and exclusion criteria: Only patients with
primary cataracts were included in the present study and those
arising due to trauma, action of toxins, inflammations and
degenerative ocular diseases were excluded. In addition,
patients with associated conditions like diabetes, hypertension, myopia, glaucoma, thyroid syndromes, and cataract
inducing medications (like steroids) were not considered.
Control subjects were also without the history of cataract,
diabetes, hypertension, thyroid and other ocular diseases.
From all the patients and controls, information pertaining
to sex, age, age at onset, duration of disease, type of cataract,
information on habits, diet, and detailed medical history along
with three generation pedigrees were collected using a
proforma prepared specifically for this study.
Procedures: Venous blood samples (5 ml) were collected
from all the patients and controls in EDTA vaccutainers for
isolation of DNA by rapid non enzymatic method which
involves salting out of the cellular proteins by dehydration and
precipitation with saturated sodium chloride solution
followed by extraction with absolute alcohol [28]. Ten sets of
primers were designed to screen the DNA samples
for variations in exon and exon-intron boundaries of
IDO gene (Table1). The present paper refers to the variation
detected in the 5′ intronic boundary downstream to exon 4 by
SSCP followed by sequencing and restriction fragment length
polymorphism (RFLP) analysis. The region was amplified
using 10 µl PCR mix containing 1× PCR buffer, 200 µM
dNTPs (Sigma Aldrich, Schnelldorf, Germany), 0.25 units of
Taq polymerase (Sigma Aldrich) and 2.5 pmols of forward
(5′-CAG GAG CAA GAC TCC ATC TC 3′) and reverse (5′GTA GTG GTA GAC ACA GCA GTC 3′) primers (Ocimum
Biosolutions (India) Ltd, Hyderabad, India). The PCR
conditions applied were of initial denaturation at 95 °C for 5
min, followed by 30 cycles at 95 °C for 1 min, 62 °C for 40 s,
72 °C for 1 min, and a final extension at 72 °C for 5 min. The
PCR products were denatured in LIS buffer (10% sucrose,
0.01% bromophenol blue and 0.01% xylene cyanol) at 95 °C
for 10 min and electrophoresed for SSCP analysis using 10%
polyacrylamide gel (37.5:1) for 18 h at 100 V. Later the gels
were washed with distilled water, treated with ethanol acetic
acid fixative (20:1) for 10 min and stained in dark with 0.1%
silver nitrate (Himedia) for 10 min. Later the stain solution
was replaced by developing solution (sodium hydroxide
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TABLE 1. LIST OF PRIMERS USED TO SCREEN CODING REGIONS AND EXON-INTRON BOUNDARIES OF THE IDO GENE.
Primer sets
Exon 1
Exon 2&3
Exon 4
Exon 5
Exon 6
Exon 7
Exon 8
Exon 9
Exon 10A
Exon 10B

Forward (5′-3′)
CAAAAGTGGAAGTAATTTCTCAC
GAAGGCAAGGCATACTATCAG
CAGGAGCAAGACTCCATCTC
GCTTTTTCTTTTTACCTATGTCTTACC
GATAGTAAGGCCTGCCACAC
CTGGACAACTGAGCGAGACTC
CATTATCAGTTGTACACAACACC
GGATCATGAAATCCATCTCTTG
CAGTGAATGCTATATTGGTGATC
CCTGAGGAGCTACCATCTGC

Reverse (5′-3′)
GAAGTTAACTTGGCCAGGTAAG
GGAAAGTTAAATGTAAATTAGATG
GTAGTGGTAGACACAGCAGTC
TGGAGTCTATTGATAAACCTACATTCA
GTTTAGGCTCCGAAGTGATTG
CTATTCTACACCTGGAACATTTG
GGATATTAGGGACCAACCAAG
GTGCTTTGTAGATATCCAAATAC
GCAGATGGTAGCTCCTCAGG
GTAATGACAGGAATGCATACAG

1.5%; formaldehyde 0.15%; sodium borohydrate 0.001%)
and left for about 10 min under constant shaking for the bands
to develop. The banding pattern was then recorded in the Gel
documentation system (Spectronics, Westbury, NY).
The PCR products showing mobility shift on SSCP were
sequenced on an ABI 3100 DNA sequence analyzer (Vimta
labs Ltd, Hyderabad, India) which revealed the presence of
c422+90G→A substitution. This substitution created a loss of
restriction site for HhaI enzyme. All the patient and control
samples were digested with 2 units of the enzyme at 37 °C
followed by electrophoresis in 2% agarose gel with ethidium
bromide. The RFLP detected single fragment of 378 bp for
AA homozygotes arising due to loss of site, two fragments of
295 and 83 bp for GG homozygotes with a single restriction
site and three fragments for heterozygotes GA of 378, 295,
and 83 bp in length.
RESULTS
The results on demographic parameters showed high risk for
cataracts in females with a preponderance of 55.3% as
compared to males (44.7% Table 2), the frequency being
highest in cases of PSC (60.4%) followed by CC (54.5%) and
NC (50.9%). The ages of patients ranged from 40 to 85 years
of age and that of controls from 40 to 80 years of age. The
mean ages recorded for patients was 58.7±0.23
(NC-61.3±0.23, CC-58.1±0.23, and PSC-56.6±0.22) and for
controls 49.1±0.10. Considering age at onset of cataract the
mean values were 57.7±0.22 for the patients in general and
comparatively with delayed onset in patients of NC
(60.4±0.23) followed by CC (57.5±0.23) and PSC
(55.6±0.22). The frequency of cases with early age at onset
(<50) was high in PSC (31.5%) followed by CC (26.4%) and
NC (11.8%). The frequency of over weight patients was less
in cases (7.3%) as compared to controls (30.8%). Smokers
among patients were higher in frequency (55.4%) and that of
alcoholics lesser (39.2%) as compared to controls (smokers
39.4%, alcoholics 47.0%). The present findings are in
compliance with the earlier reports from Framingham, Beaver
Dam and Barbodas Eye studies and also other studies from
various geographical regions suggesting association of

different types of cataracts with female sex [29-33], cigarette
smoking [34-43] and low body mass index [44-46].
Screening for sequence variations revealed 6 out of 331
patient samples with mobility shift on SSCP analysis which
on sequencing detected c.422+90G→A (rs4613984)
substitution in the intronic region down stream to exon 4. Of
the 6 patients three were with NC (one female and two males),
three with PSC (two females and a male), and none with CC.
All these patients were above 55 years except for one case of
PSC who was a female of 25 years. This patient reported onset
of cataract 6 months prior to this study and was not having
any vision defects before that. Hence this patient was
considered to have early onset of age related cataract rather
than of juvenile onset cataract. Only one case of NC showed
homozygosity (AA) for the variation while the remaining five
samples were heterozygotes (GA). None of the control
samples studied showed the presence of c.422+90G→A
(rs4613984) substitution neither on SSCP or RFLP analysis.
We may mention here that the c.422+90G→A (rs4613984)
substitution registered in the NCBI database describes 5
studies with the incidence of GG homozygotes alone among
four populations viz., Europeans, two different groups of
Asian population, and Sub-Saharan African population. In the
5th report (pilot_1_CEU_low_coverage_panel) allele A was
found with a low frequency of 0.05. No correlation of IDO
polymorphisms have been made with any clinical conditions
in these studies. In the present study the observation of AA
homozygotes and GA heterozygotes made only in patients and
not in controls prompts us to consider this sequence change
as a probable mutation with pathogenesis for NC and PSC
types of cataracts. We have not found any studies on the
IDO gene polymorphisms with reference to cataracts so far.
DISCUSSION
Indoleamine 2, 3 dioxygenase (IDO) is the rate limiting
enzyme in tryptophan catabolism which oxidizes tryptophan
into kynurinine, initially found to affect the defense
mechanism against pathogens. The enzyme activity is shown
to be associated with several diseases including autoimmune
disorders, cancers, depression, altered maternal tolerance of
paternal antigens and apoptosis. The enzyme catalyzes the
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TABLE 2. DISTRIBUTION OF EPIDEMIOLOGICAL PARAMETERS IN DIFFERENT TYPES OF AGE-RELATED CATARACTS AND CONTROLS STUDIED.
NC
Cohorts
Total
Males
Females
Early onset
Late on set
Familial
Non-familial
Smokers
Non-Smokers
Alcoholics
Non-Alcoholic
Over wt
Normal wt
Age
Age at onset
BMI

N
110
54
56
13
97
29
81
29
25
24
30
6
104

CC
%
33.1
49.1
50.9
11.8
88.2
26.4
73.6
53.7
46.3
44.4
55.5
5.5
94.5

N
110
50
60
29
81
22
88
28
22
17
33
8
102

PSC
%
33.1
45.5
54.5
26.4
73.6
20.0
80.0
56.0
44.0
34.0
66.0
7.3
92.7

N
111
44
67
35
76
25
86
25
19
17
27
10
101

Total
%
33.8
39.6
60.4
31.5
68.5
22.5
77.5
56.9
43.2
38.6
61.4
9.0
91.0

N
331
148
183
77
254
76
255
82
66
58
90
24
307

Controls
%
44.7
55.3
23.3
76.7
23.0
77.0
55.4
44.6
39.2
60.8
7.3
92.7

N
210
133
77
…
….
39
171
53
80
62
71
88
45

%
63.5
36.5
….
…..
18.8
81.3
39.4
60.6
47.0
53.0
30.8
69.2

N/Mean/SEM.

N/Mean/SEM.

N/Mean/SEM.

N/Mean/SEM.

N/Mean/SEM.

110/61.3/0.23
110/60.4/0.23
110/21.8/0.23

110/58.1/0.23
110/57.1/0.23
110/21.6/0.23

111/56.6/0.22
111/55.6/0.22
111/21.9/0.22

331/58.7/0.22
331/57.7/0.22
331/21.7/0.23

210/49.1/0.16
—/—/—
210/23.4/0.16

production of UV filter molecules like kynurenine and 3OH
kynurenine that affect the transparency of ocular lens because
of their degradation and modification of lenticular proteins by
them with aging. Large inter-individual variations observed
in the activity of IDO in clinical conditions have been
attributed to inherited genetic variability. Though few studies
describing the frequencies of the variants in some normal
populations are registered in the NCBI SNP database, and by
Arefayene [25] on the African American and American
Caucasians samples, only one report is published on the
association of Indoleamine 2,3 dioxygenase polymorphisms
with recurrent spontaneous abortions in Iranian women with
negative results [26].
The present study is the first report with the c.422+90
G→A substitution in the intron downstream to exon 4
occurring in 6 cases of cataracts of which only one patient was
a homozygote and remaining 5 were heterozygotes for the
change detected. Since none of the control samples were
detected to harbor this change, we propose the variability to
be associated with cataract formation. It may be mentioned
here that this variation reported in normal populations all
showed the presence of GG genotypes and none were of AA
or AG genotypes. Thus the variation c.422+90 G→A found
in the present study appears to be pathogenically related to
cataract development.
ACKNOWLEDGMENTS
This work was funded by the Department of Biotechnology,
New Delhi, India. We are thankful to all the doctors and the
subjects who have extended their co-operation in conducting
the study.

1.

2.
3.
4.
5.
6.

7.

8.
9.

1206

REFERENCES

Report WHO. Blindness and Visual Disability; Part II of VII:
major causes worldwide. Geneva, Switzerland: World Health
Organization; 1997; available at http://www.who.int/inf-fs/
en/fact143.html.
Brian G, Taylor H. Cataract blindness-challenges for the 21 st
century. Bull World Health Organ 2001; 79:249-56. [PMID:
11285671]
Congdon NG, Friedman DS, Lietman T. Important causes of
visual impairment in the world today. JAMA 2003;
290:2057-60. [PMID: 14559961]
Truscott RJW. Age–related nuclear cataract – oxidation is the
key. Exp Eye Res 2005; 80:709-25. [PMID: 15862178]
Lerman S, Borkman R. Spectroscopic evaluation and
classification of the normal, aging, and cataractous lens.
Ophthalmic Res 1976; 8:335-53.
Yu NT, Barron BC, Kuck JF Jr. Distribution of two
metabolically related fluorophors in human lens measured by
laser microprobe. Exp Eye Res 1989; 49:189-94. [PMID:
2767167]
Hood BD, Garner B, Truscott RJW. Human lens coloration and
aging. Evidence for crystallin modification by the major
ultraviolet filter, 3–hydroxykynurenine glucoside. J Biol
Chem 1999; 274:32547-50. [PMID: 10551806]
Vazquez S, Aquilina JA, Jamie JF, Sheil MM, Truscott RJW.
Novel protein modification by kynurenine in human lenses. J
Biol Chem 2002; 277:4867-73. [PMID: 11726659]
Bova LM, Wood AM, Jamie JF, Truscott RJW. UV filter
compounds in human lenses: the origin of 4-(2-amino-3hydroxyphenyl)-4-oxobutanoic acid O-β-D-glucoside. Invest
Ophthalmol Vis Sci 1999; 40:3237-44. [PMID: 10586948]

Molecular Vision 2011; 17:1203-1208 <http://www.molvis.org/molvis/v17/a135>

10. Parker NR, Jamie JF, Davies MJ, Truscott RJW. Protein–bound
kynurenine is a photosensitiser of oxidative damage. Free
Radic Biol Med 2004; 37:1479-89. [PMID: 15454288]
11. Mizdrak J, Hains PG, Truscott RJW, Jamie JF, Davies MJ.
Tryptophan-derived ultraviolet filter compounds covalently
bound to lens proteins are photosensitizers of oxidative
damage. Free Radic Biol Med 2008; 44:1108-19. [PMID:
18206985]
12. Vazquez S, Parker NR, Sheil M, Truscott RJW. Protein-bound
kynurenine decreases with the progression of age-related
nuclear cataract. Invest Ophthalmol Vis Sci 2004;
45:879-83. [PMID: 14985305]
13. Korlimbinis A, Truscott RJW. Identification of 3–
hydroxykynurenine bound to protein in the human lens. A
possible role in age-related nuclear cataract. Biochemistry
2006; 45:1950-60. [PMID: 16460042]
14. Korlimbinis A, Aquilina JA, Truscott RJW. Protein-bound and
free UV filter in cataract lenses. The concentration of UV
filters is much lower than in normal lenses. Exp Eye Res 2007;
85:219-25. [PMID: 17574241]
15. Hains PG, Truscott RJW. Post-translational modifications in the
nuclear region of young, aged, and cataract human lenses. J
Proteome Res 2007; 6:3935-43. [PMID: 17824632]
16. Streete IM, Jamie JF, Truscott RJW. Lenticular levels of amino
acids and free UV filters differ significantly between normals
and cataract patients. Invest Ophthalmol Vis Sci 2004;
45:4091-7. [PMID: 15505060]
17. Snytnikova OA, Kopylova LV, Chernyak EI, Morozov SV,
Kolosova NG, Tsentalovich YP. Tryptophan and kynurenine
levels in lenses of Wistar andaccelerated-senescence OXYS
rats. Mol Vis 2009; 15:2780-8. [PMID: 20019876]
18. Yoshida R, Urade Y, Sayama S, Takikawa O, Ozaki Y, Hayaishi
O. Oxygenases Oxygen Metab., Symp. Honor Osamu
Hayaishi, 1982; 569–580.
19. Takikawa O, Littlejohn TK, Truscott RJ. Indoleamine 2, 3dioxygenase in the human lens, the first enzyme in the
synthesis of UV filters. Exp Eye Res 2001; 72:271-7. [PMID:
11180976]
20. Munn DH, Mellor AL. Indoleamine 2,3-dioxygenase and
tumor-induced tolerance. J Clin Invest 2007; 117:1147-54.
[PMID: 17476344]
21. Barcelo-Batllori S, Andre M, Servis C, Levy N, Takikawa O,
Michetti P, Reymond M, Felley-Bosco E. Proteomic analysis
of cytokine induced proteins in human intestinal epithelial
cells: implications for inflammatory bowel diseases.
Proteomics 2002; 2:551-60. [PMID: 11987129]
22. Oertelt-Prigione S, Mao TK, Selmi C, Tsuneyama K, Ansari
AA, Coppel RL, Invernizzi P, Podda M, Gershwin ME.
Impaired
indoleamine
2,3-dioxygenase
production
contributes to the development of autoimmunity in primary
biliary cirrhosis. Autoimmunity 2008; 41:92-9. [PMID:
18176870]
23. Taylor MW, Feug G. Relationship between interferon-y,
indoleamine 2,3-dioxygenase, and tryptophan catabolism.
FASEB J 1991; 5:2516-22. [PMID: 1907934]
24. Tone S, Kadoya A, Maeda H, Minatogawa Y, Ryo Kido R.
Assignment of the human indoleamine 2,3-dioxygenase gene
to chromosome 8 using the polymerase chain reaction. Hum
Genet 1994; 93:201-3. [PMID: 8112747]

© 2011 Molecular Vision

25. Arefayene M, Philips S, Cao D, Mamidipalli S, Desta Z,
Flockhart DA, Wilkes DS, Skaar TC. Identification of genetic
variants in the human indoleamine [IDO1] gene, which have
altered enzyme activity. Pharmacogenet Genomics 2009;
19:464-76. [PMID: 19514129]
26. Amani D, Ravangard F. norrio Niikawa, Ko-ichiro Yoshiura,
Mojtaba Karimzadeh, Alamtaj Samsami Dehaghani and
Abbas Ghaderi. Coding region polymorphisms in the
indoleamine 2,3-dioxygenase (INDO) gene and recurrent
spontaneous abortion. J Reprod Immunol 2011; 88:42-7.
[PMID: 21030093]
27. Chylack LT Jr, Leske MC, Sperduto R, Khu P, McCarthy D.
Lens Opacities Classification System. Arch Ophthalmol
1988; 106:330-4. [PMID: 3345149]
28. Lahiri DK, Nurnberger JRJ. I. A rapid non-enzymatic method
for the preparation of HMW DNA from blood for RFLP
studies. Nucleic Acids Res 1991; 19:5444. [PMID: 1681511]
29. Klein BEK, Klein R, Linton KLP. Prevalence of age-related
lens opacities in a population: the Beaver Dam Eye Study.
Ophthalmology 1992; 99:546-52. [PMID: 1584573]
30. Leske MC, Connell AM, Wu SY, Hyman L, Schachat A.
Prevalence of lens opacities in the Barbados Eye Study. Arch
Ophthalmol 1997; 115:105-11. [PMID: 9006434]
31. Mitchell P, Cumming RG, Attebo K, Panchapakesan J.
Prevalence of cataract in Australia: the Blue Mountains Eye
Study. Ophthalmology 1997; 104:581-8. [PMID: 9111249]
32. McCarty CA, Mukesh BN, Fu CL, Taylor HR. The
epidemiology of cataract in Australia. Am J Ophthalmol
1999; 128:446-65. [PMID: 10577586]
33. Delcourt C, Cristol JP, Tessier F, Léger CL, Michel F, Papoz
L. Risk factors for cortical, nuclear, and posterior subcapsular
cataracts: the POLA Study. Am J Epidemiol 2000;
151:497-504. [PMID: 10707918]
34. Flaye DE, Sullivan KN, Cullinan TR, Silver JH, Whitelocke
RAF. Cataract and cigarette smoking the city eye study. Eye
1989; 3:379-84. [PMID: 2606211]
35. Hankinson SE, Willett WC, Colditz GA, Seddon JM, Rosner B,
Speizer FE, Stampfer MJ. A prospective study of cigarette
smoking and risk of cataract surgery in women. JAMA 1992;
268:994-8. [PMID: 1501325]
36. Christen WG, Seddon JM. Cigarette smoking and cataract. Am
J Prev Med 1993; 9:65-6. [PMID: 8439443]
37. Harding JJ. Cigarettes and cataracts: cadmium or lack of
vitamin C? Br J Ophthalmol 1995; 79:199-200. [PMID:
7703192]
38. Cumming RG, Mitchell P. Alcohol, smoking and cataracts: The
Blue Mountains Eye Study. Arch Ophthalmol 1997;
115:1296-303. [PMID: 9338677]
39. Hiller R, Sperduto RD, Podgor MJ, Wilson PW, Ferris FL 3rd,
Colton T, D'Agostino RB, Roseman MJ, Stockman ME,
Milton RC. Cigarette smoking and the risk of development of
lens opacities: The Framingham Studies. Arch Ophthalmol
1997; 115:1113-8. [PMID: 9298050]
40. Semina EV, Ferrell RE, Mintz-Hittner HA, Bitoun P, Alward
WL, Reiter RS, Funkhauser C, Daack-Hirsch S, Murray JC.
A novel homeobox gene is mutated in families with
autosomal-dominant cataracts and ASMD. Nat Genet 1998;
19:167-70. [PMID: 9620774]

1207

Molecular Vision 2011; 17:1203-1208 <http://www.molvis.org/molvis/v17/a135>

41. Hammond BR, Wooten BR, Náñez JE, Wenzel AJ. Smoking
and lens optical density. Ophthalmic Physiol Opt 1999;
19:300-5. [PMID: 10645386]
42. Christen WG, Glynn RJ, Ajani UA, Schauberg DA, Buring JE,
Hennekens CH, Mansion JE. Smoking cessation and risk of
age-related cataract in men. JAMA 2000; 284:713-6. [PMID:
10927779]
43. Zuger A. Smoking cessation reduces cataract risk. Journal
Watch 2000; August 25

© 2011 Molecular Vision

44. Chatterjee A, Milton RC, Thyle S. Prevalence and aetiology of
cataract in Punjab. Br J Ophthalmol 1982; 66:35-42. [PMID:
7055541]
45. Harding JJ, van Heyningen R. Epidemiology and risk factors
for cataract. Eye 1987; 1:537-41. [PMID: 3328701]
46. Taylor A, Zuliani AM, Hopkins RE, Dallal GE, Treglia P, Kuck
JF, Kuck K. Moderate caloric restriction delays cataract
formation in the Emory mouse. FASEB J 1989; 3:1741-6.
[PMID: 2703107]

Articles are provided courtesy of Emory University and the Zhongshan Ophthalmic Center, Sun Yat-sen University, P.R. China.
The print version of this article was created on 2 May 2011. This reflects all typographical corrections and errata to the article
through that date. Details of any changes may be found in the online version of the article.
1208

