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Association of presenile cataract with
galactose-1-phosphate uridyl transferase
gene mutations
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SONAM VERMA, KIRAN CHATURVEDI

ABSTRACT

Background. Presenile cataract is commonly idiopathic in
origin. However, patients with presenile cataract could have an
underlying genetic abnormality of galactose metabolism. We
studied the association, if any, between idiopathic presenile
cataract and galactose- 1-phosphate uridyl transferase (GALT)
gene mutation.

Methods. We selected 50 patients with idiopathic presenile
cataract, <45 years of age, and 50 age- and sex-matched
controls for the study. Mutations in the GALT gene were
determined by polymerase chain reaction restriction fragment
length polymorphism. The classical galactosaemia was
characterized by Q188R and K285N mutations, whereas
Duarte galactosaemia by N3 14D mutations (Duarte-2 : N314D
with 1VS§5-24G > A and Duarte-1: N314D without 1VS5-
24G>A).

Results. The most common mutation observed was the
N3 14D (Duarte) mutation. The frequencies of classical and
N314D alleles in patients with presenile cataract (16%) and
controls (26%) were not statistically different (p=0.32, OR
0.54,95% Cl10.20-1.45). Similarly, there was no statistically
significant difference in the frequency distribution of Duarte-1
(p=0.77, OR 0.77, 95% CI 0.23-0.24) and Duarte-2
(p=0.44, OR 0.38, 95% Cl 0.07-2.03) galactosaemia
mutations in patients and controls.

Conclusion. Duarte galactosaemia, a milder form of the
disease, is more common than classical galactosaemia in the
Indian population. Duarte galactosaemia is unlikely to be a
causative factor in presenile cataract.
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INTRODUCTION

Cataract is an opacity in the natural crystalline lens that results
from change in the refractive index of the lens! A congenital
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cataract occurs within the first year of life, a juvenile cataract
within the first decade of life, a presenile cataract before the age
of 45 years, and senile cataract, thereafter.? The age of onset of
cataract does not necessarily indicate its aetiology.®

Thereis an association between partial galactose metabolism
impairment and idiopathic presenile cataracts.*® Galactose
accumulation intissuesis due to deficient galactose-1-phosphate
uridyl transferase (GALT) activity. Theclassical galactosaemiais
caused by mutation (Q188R and K285N) in the GALT gene
located on chromosome 9pl13.” The homozygotes have no
significant GALT activity and the condition is usualy lethal .8
Heterozygoteshave50%residual GALT activity andareclinically
asymptomatic. Another form of GALT deficiency occurs due to
mutation of N314D, which is characteristic of Duarte-1 and -2
variants of galactosaemia. Duarte-2 variant has N314D mutation
inthreeintronicvariations. 1V $4-27G>C(G1105C); IV S5+62G>A
(G1323A) and 1V S5-24G>A (G1391A) along with adeletion in
the5” promoter region (-119/-116del GTCA) of the GALT gene.
In Duarte-1 (or Los Angles, LA) variant a silent mutation of
L218L is present together with N314D mutation.®*° Duarte-1 and
-2 variantshave variable GALT activity and are at increased risk
for presenile cataract formation.**4

Cataract, a common cause of blindnessin India, occurs at an
earlier agethan inwestern countries.®>* Most studieshavefound
no cause for the development of presenile cataract.’*% Many of
these idiopathic presenile cataracts could be attributed to the
GALT genemutationthat resultsindecreased GALT activity, high
galactose concentration and cataract formation.*%*3 Therefore,
we ascertained the prevalence of the GALT gene mutation in
patients with idiopathic presenile cataract.

METHODS

We selected 50 patients with idiopathic presenile cataract (age
<45 years) visiting the Department of Ophthalmology, at our
tertiary care centre. The study was approved by the institutional
ethical committee and followed the tenets of the Declaration of
Helsinki.

Patients with a history of atopy or allergy, ocular trauma,
prolonged topical or systemic medication, intraocular surgery,
recurrent red eye, diabetes mellitus and smoking were excluded
fromthestudy. Anequal number of age- and sex-matched healthy
controls with normal vision and with no previous history of
cataract surgery were recruited as controls.

Clinical examination

The presence of cataract was confirmed on slit-lamp examination
of the anterior segment of eye after pupillary dilatation. Any
opacity inthecrystallinelenswasdesignated ascataract andit was
classified as cortical, nuclear and/or posterior subcapsular. The
axial length of the eyeball was measured using an ultrasonic
biometer. Patients with an axial length >26 mm were labelled as
high myopic and excluded from the study.

Laboratory investigations

After obtaining written informed consent, 2 ml of peripheral
venous blood was collected inan EDTA tube. DNA wasisolated
using QIAamp DNA Mini Kit (Qiagen) following theinstruction
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manual. Classical galactosaemia mutations (Q188R and K285N)
and Duarte galactosaemia mutations (Duarte-2: N314D with
IVS5-24G>A; Duarte-1: N314D lacking 1V S5-24G>A) were
identified by polymerasechainreactionrestrictionfragment length
polymorphism (PCR-RFLP). The obtained PCR product was
characterized for Q188R, K285N, N314D mutations and IV S1-
24G>A variant based on the observation that all these putative
mutations created an additional restriction site for the Hpall,
Tsp509I1, and Avall restrictionendonucl ease, respectively, whereas
intronicvariation|VS5-24G>A (1391G>A) eliminatedrestriction
sitefor theendonucl ease Sacl that was present inthenormal gene.
PCR products were digested with 3U of corresponding
restriction enzymesovernight at 37 °C to determinethe mutation.
Products were separated on 2% agarose gel electrophoresis. The
expected band pattern showed the presenceor absence of mutation.
Duarteallelic genotypewasattributed to all el es containing the
N314D mutation and the 1V S5-24G>A intronic variation. Alleles
with the N314D mutation along with the IV S5-24G>A variation
were labelled as Duarte-2, and if IV S5-24G>A variation was not
there, the GALT genotype was |abelled as Duarte-1 variant.

Satistical analysis

Thechi-squaretest was used to assess the differencein frequency
of genotypesin patients and controls. The Mann—-Whitney U test
was used for differences of quantitative data between the two
groups.

RESULTS

Themedian age of patientsand controlswas 36 (31-45) yearsand
34(31-42) years, respectively. Themal e-to-femal eratioin patients
and controls was 23:27 and 31:19, respectively. There was no
significant differencein age (p =0.1) and sex (p=0.11) of patients
and controls.

Nomutant allelefor Q188Rand K285N mutationswasobserved
ineither the patientsor controls. The N314D mutation was present
in8 patientsand 13 controls. Thefrequency of N314 D incontrols
followed the Hardy-Weinberg equilibrium.

The frequency distribution of N314D in patients was not
significantly different in controls (16% v. 26%; p=0.32, OR 0.54,
95% CI 0.20-1.45). Of 8 patients and 13 controls who were
positive for N314D mutation, 2 patients and 5 controls also had
thelV S5-24G>A polymorphism and thus bel onged to the Duarte-
2 galactosaemiacategory (Tablel). Theremaining N314D-positive
patientswereconsidered asDuarte-1 galactosaemia. No statistical
significant difference was observed between the patients and
controlsin the Duarte-2 allele frequencies (4% v. 10%,; p=0.24)
and the Duarte-1 or Los Angelesallele frequencies (12% v. 16%,
p=0.77). No individual was found to be homozygous for the
Duarte-1 or -2 mutation.

DISCUSSION
About 80% of blindness in India is because of cataract.’>¢ An
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earlier age of onset of cataract in the Indian population suggests
either an enormous exposure to environmental risk factors or a
genetic predispositionto cataract formation.?2* Presenilecataract
refersto onset that occurs at any time from early adult life to 45
years of age? The common causes for the development of
presenilecataractincludeatopy (dermatitis, asthma), highmyopia,
diabetes mellitus, long-term use of corticosteroids in any form,
family history of early cataract and idiopathic.2?52¢ Pregnancy,
dehydration, trauma, exposure to radiations and tobacco use are
also reported to be associated with presenile cataract.?242728

Galactosaemia, similar to diabetes mellitus, is a metabolic
disorder that causes improper galactose metabolism and a
predisposition to cataract formation.> This genetic inborn error
of metabolismiscaused by mutationingenesthat involveenzymes
needed for galactose breakdown in the body. The most common
and severeformisclassical galactosaemia due to mutation in the
GALT gene. The other lesscommon types are gal actosaemiatype
Il due to mutation in the GALK1 (galactokinase) gene and
galactosaemia type 111 due to mutation in the GALE (galactose
epimerase) gene.

Ingalactosaemia, early and presenilecataract formation occurs
due to deficient GALT enzyme. This leads to accumulation of
galactose in the lens, which is reduced to galactitol by aldose
reductase enzyme. Gal actitol causes osmotic swelling of thelens
resulting in cataract formation. However, the severity of clinical
features in a galactosaemic patient depend upon the residual
GALT enzyme activity. In classical galactosaemia homozygotes
havingno GALT activity, theconditionismost severeand lethal .2
On the contrary, heterozygotes and Duarte galactosaemia show
50% or more GALT activity and are, therefore, asymptomatic at
birth. Nonetheless, studies have shown that these galactosaemic
mutants who appear normal at birth have an increased risk for
developing idiopathic presenile cataract later in life 48132

Inwestern countries, the diagnosis of galactosaemiaisusually
made by newborn screening tests. Such screening is not donein
India* The early diagnosis of disease helps in its efficient
management. Therefore, this study was doneto find arelation, if
any, between the GALT gene mutation and idiopathic presenile
cataract formation. To the best of our knowledge, thisisthefirst
study of itskind in the Indian population.

The DNA analysis was done to demonstrate mutations in the
GALT gene in patients with presenile cataract. The two most
common mutations, Q188R and K285N, with ailmost no GALT
enzyme activity result in classical galactosaemiain Caucasians.®
A higher K285N mutation was seen in patients of presenile
cataract thaninthecontrol group.52%2| nterestingly, thesemutations
were found to be completely missing from both the patients and
controls in our study (Table ). A lower frequency of Q188R
mutation has been reported in Indian galactosaemic patients as
compared to American and European populations.®

The Los Angeles allele (N314D) or Duarte-1 galactosaemia
was present with a frequency of 12% and 16% in patients and

TaBLE |. Genotype frequency of mutationsin GALT-1 gene

Mutation Patients (%) Controls (%) pvaue  OR (95% CI)
Q188R 0 0 - -

K285N 0 0 - -

N314D (heterozygous; Duarte) 8 (16) 13 (26) 0.32 0.54 (0.20-1.45)
N314D without 1V S5-24 G-A (Duarte-1) 6 (12) 8 (16) 0.77 0.72 (0.23-0.24)
N314D with 1V S5-24 G-A (Duarte-2) 2(4) 5 (10) 0.44 0.38 (0.07-2.03)
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controls, respectively in our population (Table 1). A higher
frequency of Duarte variant wasreported by Singh et al. and they
suggestedthat I ndianssuffer fromamilder formof galactosaemia.®®
Among the non-Caucasian populations, the highest frequency of
N314D mutationwasinIndians.? Similarly, anincreased frequency
of this variant has also been reported from other parts of the
world—the Slovenian general population showed afrequency of
5%-—15%, Caucasians 8.8% and Germans 14.9%.! However, we
found no statistically significant difference in the occurrence of
the mutation between patients with idiopathic presenile cataract
and controls.

Therearecertainlimitationsof our study. Wehavenot assessed
the GALT activity in patients and controls. Second, we have not
sequenced the GALT gene to rule out the possibility of other
mutations. Third, the sample size of the study issmall to arrive at
a definitive conclusion. Therefore, studies with a larger sample
size will be required to corroborate our findings.

In conclusion, we believe that defectsin the GALT gene may
not have arole in the formation of presenile cataract.
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