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ABSTRACT Free radicals and oxidative damage play roles in aging and age-
related ocular diseases such as cataracts, so defensive mechanisms become
important factors for protection. Because N-acetylation is involved in a wide
variety of detoxification processes, this study was conducted to examine the
relationship between the acetylator phenotypes and genotypes in a group of
patients with age-related cataract. Sixty-one cases of age-related cataract and 104
controls were included in this study. Blood was collected in EDTA-containing
tubes, and genomic DNA was extracted from the white blood cells by high
pure PCR template preparation kit. Genotyping of NAT2 polymorphisms were
detected by using a LightCycler-NAT2 mutation detection kit in real-time PCR.
There was a significant difference in the distribution of the NAT2∗6A acetylator
phenotype between cases and the controls. The odds ratio of cataract for the
NAT2∗6A slow phenotype was 3.8 (95% CI = 1.08 to 13.11, p = 0.032) com-
pared with the fast type. Our results suggest that slow acetylators are at higher
risk of developing age-related cataracts than fast acetylators. As NAT2 is an im-
portant xenobiotic-metabolizing enzyme and theoretically xenobiotics such as
ultraviolet B radiation, smoking, and alcohol use may induce cataract forma-
tion, NAT2 gene polymorphisms may be associated with genetic susceptibility
of cataract.
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INTRODUCTION
Age-related cataract is the leading cause of preventable blindness and visual

impairment throughout the world. With the growing elderly population, the
overall prevalence of visual loss as a result of lens opacities increases each year.1

The etiology and pathogenesis of cataracts are multifactorial, many interactive
genetic and external factors play roles, and the mechanisms of cataract forma-
tion are complex. Although advanced age is the most important risk factor,
other causes such as ultraviolet B (UVB) radiation, diabetes, trauma, persistent
intraocular inflammation, prolonged corticosteroid administration, smoking,
high body mass index, and oxidative damage have been identified for cataract
development.2−4 As data to develop guidelines on reducing the risk of cataract
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remain insufficient and surgery is the only effective
treatment option available, identifying risk factors may
help to establish preventive measures.

Free radicals and oxidative damage play roles
in aging and age-related ocular diseases such as
cataracts, so, defensive mechanisms become impor-
tant factors for protection.5,6 The human arylamine
N -acetyltransferases (NAT1 and NAT2) are impor-
tant xenobiotic-metabolizing enzymes involved in the
detoxification and metabolic activation of numerous
drugs and chemicals.7 Recent advances on the reg-
ulation of human N -acetyltransferases activity has
shown that hydroxylamine and/or nitroso intermedi-
ates of NAT substrates inhibit the enzyme through di-
rect irreversible interaction with its catalytic cysteine
residue. Oxidative molecules such as hydrogen perox-
ide, S-nitrosothiols, and peroxynitrite have also been
shown to inactivate reversibly or irreversibly the en-
zyme in a similar manner.7,8 As functional NAT1 and
NAT2 are present in human lens epithelial (HLE)
cells, these enzyme activities may be impaired by ox-
idants produced during oxidative and photo-oxidative
stresses. Oxidative-dependent inhibition of NAT in
these cells may increase the exposure of lens to the
harmful effects of toxic chemicals, which could con-
tribute to cataractogenesis over time. It has been shown
that low NAT-acetylation activity could increase the
risk of developing age-dependent cataract, suggest-
ing that NAT detoxification function might be im-
portant for lens cells’ homeostasis. NAT activity de-
pends on genetic polymorphisms and environmental
factors.7

Human arylamine NATs are known to exist as two
isoenzymes, NAT1 and NAT2, with different, though
overlapping, substrate specificities.9 Aromatic amines
and hydrazine (N-acetylation) and N-hydroxy-aromatic
and heterocyclic amines (O-acetylation) are both exam-
ples of acceptor substrates that, in general, are deac-
tivated (N-acetylation) or activated (O-acetylation) by
NAT1 and/or NAT2. NAT1 and NAT2 also catalyze
the intramolecular N, O-acetyltransfer of N -hydroxy-
N -acetyl-aromatic amine.10−12 The NAT2 gene con-
tains a number of sites that are polymorphic, and these
allelic variants have been reported to be codominant.13

The individuals with the alleles encode the fast (F)
or slow (S) enzyme variants may be may be phe-
notypically fast (FF), intermedia/heterozygotes (FS),
or slow (SS), depending on the presence of these
two alleles. Slow acetylator status has been associ-

ated with conditions such as urinary bladder cancer,14

epilepsy,15 Gilbert syndrome,16 endometrious,17 renal
cell carcinoma,18 esophagal carcinoma,19 allergic and
atopic disease,20 and Behçet disease.21 Fast aceylator
status, on the other hand, has been associated with
conditions such as type 1 diabetes mellitus,22 lung
cancer,23 benign breast cancer,24 laryngeal cancer,25 and
phenylketonuria.26

Because N-acetylation is involved in a wide variety
of detoxification processes, this study was conducted to
examine the relationship between the acetylator pheno-
types and genotypes of NAT2 in a group of patients with
age-related cataracts, in which many genetic and envi-
ronmental factors take part in the aetiopathogenesis.

MATERIALS AND METHODS
Sixty-one consecutive patients who were diagnosed

as having age-related cataracts during their routine
ophthalmologic examination and a control group of
104 cases, chosen from the volunteers without having
cataracts, Turkish individuals living in the southern re-
gion of Turkey and unrelated with the patient group,
were accepted to this prospective study. Cataracts were
diagnosed or excluded by slit-lamp examination after
pupillas were dilated by pharmacological agents. All
volunteers underwent full eye examinations to rule out
cataracts.

After enrollment, a detailed lens examination was
made in all patients to determine the updated cataract
status. In the examination, Lens Opacities Classifica-
tion System II, which uses photographic standards for
grading cataract type and severity and was described
by Chylack Jr. et al.27 was used to grade cataracts with
slit-lamp examination. This system uses four nuclear
standards, for grading nuclear opalescence and color,
five cortical standards, and four subcapsular standards.
Subjects were qualified as cases if both pupils could be
dilated to at least 6 mm and both eyes had (1) lens opac-
ities of grade 3 and more, and (2) no conditions that
might account for any vision loss other than cataracts
was present.27

The ones who had thyroid function disorders, hy-
pertension, diabetes mellitus, liver and renal dysfunc-
tion, anemia, osteoporosis, and inflammatory arthritis
were not selected for this study both in the patient and
in the control group to rule out secondary cataracts.
Patients with cataract formation that may be sec-
ondary to identifiable causes such as trauma and steroid
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administration were not selected from the study. Study
population was informed about the objectives of the
study and consent was received for their participation.

DNA Extraction and Genotyping
of NAT2

Blood was collected in EDTA-containing tubes and
DNA was extracted from white blood cells (WBC)
by high pure PCR template preparation kit (Roche
Diagnostics, GmbH, Mannheim, Germany; catalog
no. 1 796 828). Genotyping of NAT2 polymorphisms
(NAT2∗5A, NAT2∗6A, NAT2∗7A/B, and NAT2∗14A)
polymorphisms of NAT2 were detected by using a
LightCycler-NAT2 mutation detection kit in real-time
PCR (LightCycler Instrument, Roche Diagnostics; cat-
alog no. 3113914). The presence of mutations in both
alleles of NAT2 was assumed to represent a slow acetyla-
tion phenotype. The wild types and heterozygous were
classified as fast acetylators.

Statistical Analysis
Chi-square ( χ2) or Fisher’s (F) exact tests were used to

evaluate the distribution of the NAT2 genotypes among
the patients and control subjects. The OR with a 95% CI
of the possible risk factors for cataract was calculated by
logistic regression. All statistical calculations were per-
formed using the SPSS software package, version 11.5
for Windows (SPSS Inc., Chicago, IL, USA). All tests
were conducted at the p = 0.05 level of significance.

RESULTS
Mean ages of the cataracts patients and the control

groups were 63.2 ± 7.3 and 60.6 ± 8.4, respectively.
In the cataracts group, 28 of the cases (45.9%) were fe-
males and 39 of them (54.1%) were males; in the control
group, 45 of the cases (43.2%) were females and 59 of
them (56.8%) were males. Age and sex distribution was
not different among groups.

NAT2∗5A, NAT2∗6A, NAT2∗7A/B, and NAT2*14A
polymorphisms were not significant risk factors for
cataract according to the NAT2 genotypes as shown
in Table 1.

The risk for cataract was studied in relation to the
NAT2 phenotypes. Frequencies for NAT2 acetylators
and estimated risks are shown in Table 2. Although
there was no significant association with the NAT2∗5A,
NAT2∗7AB, and 14A fast or slow acetylator status and

TABLE 1 NAT2 Genotypes and the Risk of Developing Cataract

Cases Controls
(N = 61) (N = 104)

Variable n (%) n (%) OR 95% CI

NAT2∗5A
Wilda 23 (37.7) 41 (39.4) 1 —

(reference)
Heterozygous 30 (49.2) 56 (53.8) 0.95 0.48–1.87
Mutant 8 (13.1) 7 (6.7) 2.03 0.65–6.34

NAT2∗6A
Wilda 39 (63.9) 60 (57.7) 1 —

(reference)
Heterozygous 14 (23.0) 40 (38.5) 0.53 0.25–1.11
Mutant 8 (13.1) 4 (3.8) 3.07 0.86–10.91

NAT2∗7A/B
Wilda 48 (78.7) 60 (57.7) 1 —

(reference)
Heterozygous 11 (18.0) 41 (39.4) 0.33 0.15–0.72
Mutant 2 (3.3) 3 (2.9) 0.87 0.13–5.42

NAT2*14A
Wilda 42 (68.9) 57 (54.8) 1 —

(reference)
Heterozygous 19 (31.1) 42 (40.4) 0.61 0.31–1.20
Mutantb — 5 (4.8) — —

n, number of sample; OR, odds ratio; CI, confidence interval from
conditional logistic regression.

aWild genotypes are used as reference.
bOdds ratio cannot be calculated.

developing cataract, there was a significant difference
in the distribution of the NAT2∗6A acetylator pheno-
type between cases and the controls. The odds ratio of
cataract for the NAT2∗6A slow phenotype was 3.8 (95%
CI = 1.08 to 13.11, p = 0.032) compared with the fast
type.

TABLE 2 The Distribution of NAT2 Phenotypes in Groups

Acetylator
type

Patient
group n (%)

Control
group n (%) OR (95% CI)

NAT2∗5A
Fast 53 (86.9) 97 (93.3) 1 (reference)
Slow 8 (13.1) 7 (6.7) 2.1 (0.71–6.08)

NAT2*6A
Fast 53 (86.9) 100 (96.2) 1 (reference)
Slow 8 (13.1) 4 (3.8) 3.8 (1.08–13.11)

NAT2*7A/B
Fast 59 (96.7) 101 (97.1) 1 (reference)
Slow 2 (3.3) 3 (2.9) 1.1 (0.18–7.02)

NAT2*14Aa

Fast 61 (100) 99 (95.2) 1 (reference)
Slow — 5 (4.8) —

n, number of sample; OR, odds ratio; CI, confidence interval from
conditional logistic regression.

aOdds ratio cannot be calculated.
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DISCUSSION
Humans are constantly exposed to foreign chemicals,

both man-made and natural. These foreign chemicals,
or xenobiotics, may be drugs, industrial chemicals, pes-
ticides, or toxins from plants and animals. Removal of
these compounds from the body by enzymatic conver-
sion (i.e., metabolism) in the liver is needed to change
the water-soluble forms.28

Individuals differ in their ability to metabolize drugs
and other xenobiotics due to inherited variations in
the gene sequence of their biotransforming enzymes.
These genetic differences, called polymorphisms, can
increase or decrease drug metabolism and in some
cases even eliminate a metabolic pathway. Such poly-
morphisms have been associated with a wide array
of clinical conditions.28 One such known polymor-
phic enzyme is arylamin NAT2, (NAT2; E.C. 2.3.1.5),
which can acetylate a variety of arylamine compounds.
Polymorphic aromatic amine NAT2 catalyzes the N-
acetylation of aromatic amines and the metabolic acti-
vation of N -hydroxyarylamines (via O-acetylation) and
N -hydroxy-N -acetylarylamines (via N, O-acetylation)
to electrophilic intermediates that mutate DNA.12

Arylamine chemicals inflict a number of toxicities
including cancer. Metabolic activation (i.e., oxidation)
is required in order to elicit the toxic actions. Acetyla-
tion is an important step in the metabolic activation
and deactivation of arylamines. N-acetylation forms
the amide derivative, which is often nontoxic. How-
ever, O-acetylation of the N -hydroxyarylamine (follow-
ing oxidation) yields an acetoxy arylamine derivative
that breaks down spontaneously to a highly reactive
arylnitrenium ion, the ultimate metabolite responsi-
ble for mutagenic and carcinogenic lesions.29 Although
arylamine NATs are important in susceptibility to
xenobiotic-induced disorders such as drug-induced au-
toimmune disease and cancer, their role in endogenous
metabolism is not elucidated yet.30 As NAT2 is an im-
portant xenobiotic-metabolizing enzyme and theoreti-
cally xenobiotics such as UVB radiation, smoking, and
alcohol may induce cataract formation,2−4 in current
study we investigated whether the genetic polymor-
phism of the NAT2 plays a role in susceptibility to
cataract disease.

In current study, NAT2∗6A slow acetylator pheno-
type was found to be associated with cataract formation.
NAT2∗5A, NAT2∗6A, NAT2∗7A/B NAT2∗14A poly-
morphisms were not found to be significant risk fac-

tors for cataract formation according to the NAT2
genotypes. Although there was no significant associ-
ation with the NAT2∗5A, NAT2∗7AB, and 14A phe-
notypes and developing cataracts, there was a signif-
icant difference in the distribution of the NAT2∗6A
acetylator phenotype between cataract cases and the
controls. The odds ratio of cataract formation for
the NAT2∗6A slow phenotype was 3.8 (95% CI =
1.08 to 13.11, p = 0.032) compared with the fast
type, meaning that carrying NAT2∗6A slow pheno-
type was found to be 3.8 times riskier for developing
cataracts.

There is only one study published so far showing
the association between the NAT2 polymorphism and
age-related cataract disease.27 In their results, there were
fewer fast and intermediate acetylators and a signifi-
cantly higher proportion of slow acetylators ( p = 0.047)
in the cataract cases, compared to the controls. Dairou
et al.7 investigated whether oxidants, known to be pro-
duced in HLE cells during oxidative stresses and in-
volved in age-dependent cataract formation, decreased
endogenous NAT1 and NAT2 activity or not. They
found that the exposure of HLE cells to peroxynitrite
led to the dose-dependent irreversible inactivation of
both NAT isoforms. Exposing HLE cells to continu-
ously generated H2O2 gave a dose-dependent inacti-
vation of NAT1 and NAT2, reversible on addition of
high concentrations of reducing agents. UVB irradia-
tion also induced the reversible dose-dependent inac-
tivation of endogenous NAT1 and NAT2, reversible
on addition of reducing agents according to their
finding.

In conclusion, resembling the previous study, our
results suggest that those who carry slow acetylators
of NAT2 are at higher risk of developing age-related
cataracts than those who carry fast acetylators. As ex-
ogenous factors such as ultraviolet B radiation, smok-
ing, and alcohol, which can be detoxified by acetylation,
play roles in cataract formation, avoidance of such en-
vironmental agents may reduce the incidence of age-
related cataracts.
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