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Partial galactose disorders in families with
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SUMMARY Minor and major deficiencies of enzymes affecting galactose metabolism may be
associated with cataracts of early onset. Results are presented for 10 such families with minor
enzymatic disorders. Expression of the major disorders probably involves galactitol accumulation
and osmotic lens damage but this mechanism is not obviously associated with minor disorders. The
observed incidence of minor incomplete enzymatic disorders of galactose metabolism in families
with an incidence of cataracts of early onset may be at least partly incidental.

Major restriction of the normal pathways of
galactose metabolism is associated with a high risk
of cataract, as in homozygous deficiency of galacto-
kinase or galactose-1-phosphate uridyl transferase,
disorders involving transferase deficiency arising
through low-activity variant forms, and these
defects in various combinations. Heterozygous and
lesser deficiencies, particularly of galactokinase,
occur in families with an incidence of presenile
cataracts,'-3 and minor deficiencies have also been
found in mothers of enzymatically normal children
with congenital cataracts, suggesting indirect
influences during pregnancy.4

Disorders of galactose metabolism may therefore
have a more pervasive influence on the risk of
cataract than is suggested by the incidence of the
rare major disorders, and expression may be
controlled by early recognition and dietary change.
For the major disorders there is strong although
partly indirect evidence that cataract arises through
increased availability of galactose, with galactitol
accumulation and osmotically-induced damage
within the lens,5 6 and the risk of cataract also
broadly associates with the extent of galactose
intolerance.7 If the partial disorders are in similar
direct relationship to the risk of cataract it may be
possible to identify factors contributing to the wide
variation of effect seen, and to identify individuals
particularly at risk.
We have investigated the activity of galactose

enzymes, and in some cases oral galactose tolerance,
in families with an incidence of early onset and
probably congenital bilateral cataracts. As with
previous studies, abnormalities were found consistent
with minor impairment of galactose metabolism,

occurring in about one-quarter of our rather selected
series, for which recruitment derived from a
suspicion by the referring surgeon of a metabolic or
familial background. However, the relationship with
cataract, as illustrated by patterns of defect now
reported for 10 families and 1 further case selected
from this study, is not straightforward. It is possible
that the minor abnormalities of galactose metabolism
are unrelated to osmotic effects on the lens, and
perhaps to any other mechanism of cataract.

Methods

Clinical assessment. With most families, available
members were seen during the admission of a child
for cataract surgery, although studies were in-
complete as most families did not live near. Detailed
general, obstetric, and paediatric histories were
obtained on further referral to genetic and paediatric
clinics.

General investigations. Patients presenting with
presenile cataract are routinely investigated for
hypocalcaemia, hypoglycaemia in the very young
and hyperglycaemia at other ages, and for
galactosuria and glycosuria.8 In the families studied,
a few patients showed galactosuria but all other
results were normal. Liver function was also assessed
as impairment restricts galactose metabolism: all
results were normal although one mother with a
history of previous jaundice and galactosuria during
pregnancy was not assessed during that abnormal
period (family 2, Table). Other possible influences on
oral galactose tolerance-such as dietary habits and
consumption of ethanol-were not considered.
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Table Family studies in galactose cataracts

Family Member Age Cataract Family Galacto- Galacto- Enzyme Oral Comment
history kinase transferase status galactose
of (nmol/g (nmol/g tolerance
cataract Hb/h) Hb/h) ratio

I Maternal 55 0 0
grandmother

Mother 32 0 0

Father 36 0 0
Son 4k + + 0
Son 7/12 + + +

2 Mother 30 0 0

Daughter 4/12 + + 0
Daughter 4/12 0 +

3 Mother

Father
Son

31 + + 0

34 0 0
3/12 + + +

4 Mother 30 + + 0
Daughter 1 + + +
Daughter 1 + + +

5 Mother 28 + + 0
Son 1i + + +

6 Mother 26 + + +
Daughter 7 + + +
Daughter 6 + + +
Son 5/12 0 +

7 Mother 27 0 0
Son 6 + + 0
Son 5 + + +

8 Mother 34 0 0
Son 12 + + 0
Son 10 - +

9 Mother 24 0 0

Father 24 0 0
Daughter 4 + + 0
Daughter 1/12 0 +

10 Mother 45 0 0
Father 39 0 0
Daughter 71 + + 0

Maternal 18 0 0
half-brother

11 Mother 32 + + 0

0.69 19-7

0-76 20-4

1.13 17-6
1-7 21-4
2-2 17-9
0-6 22-2

2-0 -

0-61 18-3

1.1 2-0
1-54 16-9

0-7 15-8
0-8 15-1

0-69 14-9

GK heterozy- -
gote

GK heterozy- 0.22
gote

Normal 1-16
Normal 7-2
Normal -

GK heterozy-
gote
GK normal

GK heterozy- 0-57
gote

Normal 0.75
GT normal
GK probably
normal

GK heterozygote
GK heterozygote

GK heterozygote?
GT low-normal

0.83 30.9 GK reduced

0.9 20.0 GK reduced

Presumed monogenic effect,
not expressed in maternal
pregnancy. Advised restrict
galactose intake before
any further pregnancy

Mother had previous
jaundice, and galactosuria
in first pregnancy.
Galactose intake restricted
from start of second
pregnancy. Result-no
cataracts. 10 maternal
siblings with 22 children,
no cataracts reported

Mother now on restricted
galactose intake pending
pregnancy

Presumed transmitted
monogenic effect as GK
low for age in daughter.
Transferase activities
borderline. Maternal
galactose intake restricted
from 5th week second
pregnancy, cataracts
followed in child

Some maternal deficiency of
both enzymes. Mother now
on restricted galactose
intake pending pregnancy

Mother assessed before third
pregnancy: galactose intake
then restricted from 4th
week. Third child-no
cataracts

Mother assessed after
second pregnancy

0-83 Qual. normal GK reduced 2.6 Mother assessed after second
0.89 Qual. normal GK reduced 3-16 pregnancy. Minor galacto-
0.96 Qual. normal GK borderline - kinase deficiency in 3

members, without galactose
intolerance

0-61 . Qual. reduced GK, GT 0.52 Initial parental galactokinase
0.92 Duarte variant Reduced results equivocal as samples

0-78-* Qual. normal GK normal? - delayed 2 hours reaching
1.03 Qual. normal Normal 0.6 laboratory. Mother has

- - - - galactotransferase variant,
presumed Duarte, not
intolerant

1.03 17.5 Normal 2.1 Daughter: fluctuating
0.85 22-7 GK reduced 1 .33 deficiency of both enzymes
0.9-1.8 11.6-155 GK, GT 7.0-13.8 with parallel galactose

(not variant) Reduced intolerance over period of
- - - 5 . 8 3 years. Not monogenic,

possibly acquired. Liver
function normal age 9
years. Parents, half-brother
not intolerant. Transferase
variants not present in
daughter and parents

1 .5 17-3 Normal 3.9 Cataracts reported age 30
years. Galactosuria at
routine screen not
confirmed: liver function
normal. Regard as normal
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Special investigations
Erythrocyte galactokinase. Fresh blood was taken
either during cataract surgery or in the laboratory,
collected into EDTA for haemoglobin and packed
cell volume, and into heparin for assay, performed
on samples maintained at 37°C until assay within
10-30 minutes of phlebotomy. Delay leads to
inactivation artefacts (family 9, Table). Whole blood
was added to previously prepared reaction mixture,9
on at least duplicate samples of test and control
material, each with duplicate assay. Results cited
reflect good agreement in this procedure. The
reference range for young adults was determined
as 1 *29±0* 13 (SD) units (nmol/l galactose
phosphorylated/g Hb/hour; n=-11). Occasional
samples taken from a young woman during an
18-month period gave values of 1.49/1 03/0-98/
1.02/1-23, mean 1-15 units. Counting efficiency and
thus consistency in the method is improved by
solubilisation of adsorbed label with quaternary
surfactant.10 However, major additional quenching
problems arise: the methods for assay of galacto-
kinase are under development but an optimised
procedure is not yet established.

Erythrocyte galactose-1-phosphate uridyl transferase.
This assay was sometimes delayed for a few days,

after storage of saline-washed erythrocytes at 4°C
or -20°C. First results were obtained with the
method of Beutler and Baluda"l with a reference
range determined for young adults of 19*8±3.7
(SD) units (nmol/l UDP galactose consumed/g
Hb/hour; n= 11) and later results with the method
of Pesce et al.12 with a reference range determined for
adults of 18*2±3.6 (SD) units (n=25). As
transferase defects were rarely encountered it
became our practice to limit initial assessment to
exclusion of major deficiency by the spot test of
Beutler and Baluda.'3 Variant patterns of transferase
were examined in selected cases by electrophoresis
and isoelectric focusing of lysates of washed
erythrocytes.'4-'6 Bands of activity were most clearly
displayed by a method using agarose, samples
extracted after lysis with carbon tetrachloride, and
staining with a dimethyl thiazole-diphenyl
tetrazolium/phenazine methosulphate (MTT/PMS)
technique (Figure).

Oral galactose tolerance. A load of 20 g galactose
incorporating 200 mg of the non-metabolised sugar
3-0-Me-glucose was administered in water after an
overnight fast and having emptied the bladder to
exclude baseline galactosuria. Urine was then
collected for 5 hours, tolerance being expressed as

D

GIPUT

H-b

Figure Isoelectrofocusing of red cell haemolysates to show galactose-]-phosphate uridyl transferase activity
(GJPUT) in the normal and variant, presumed Duarte (D) patterns for which there are reduced and additional
(arrowed) bands. Lower bands are haemoglobin (Hb) fractions.
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the molar ratio of galactose to 3-0-Me-glucose
excreted. Control studies performed on 77 apparently
normal subjects, age range 11-80 years, indicated a
mean normal value of about 2, the 95th centile for
males being 6 5, females 5.6 (procedure of Mount
and Menzies, in preparation).

Results

Three patterns of effect are shown with the
families selected, data being summarised in the
accompanying Table.

Three patterns of effect.

Galactokinase deficiency in the heterozygote range
This was established for families 1-5. The probability
of a monogenic disorder is increased when evidence
of direct transmission is obtained, as in families 1
and 4, bearing in mind that the normal range for
erythrocyte galactokinase is variable at about 3
times normal adult values at birth and about twice
adult values at age 1 year.17 Transmission of the
defect to the child in family 4 was associated with the
development of cataracts, not evident in the deficient
mother and grandmother of family 1. Expression of
the defect is clearly variable as reported in previous
studies, and further influences may be concerned.
Thus in family 2 the maternal deficiency was
associated with frank galactosuria during the first
pregnancy, probably associated with a recent history
of jaundice and presumed hepatic dysfunction not
evident during the second pregnancy. Observations
in several families are represented by family 3,
where the mother with enzyme deficiency had a
strong family history of cataracts without other
direct evidence of galactokinase deficiency being
available. Expression in families 1-3 was also
consistent with a maternal influence affecting an
enzymatically-normal child.

Minor maternal galactokinase deficiency
This deficiency in the mothers of children with cata-
ract was the abnormality most often encountered in
our study, and representative findings are cited for
families 6-9. In family 8, minor deficiency was also
established in two sons. In family 9, parental
deficiencies were recorded for samples later found to
have suffered a delay of 2 hours before analysis.
(The mother also showed evidence of a variant
transferase enzyme.) Repeat investigation without
this delay later confirmed that maternal galacto-
kinase activity was greater than the initial value
although still marginal, with acceptable values in
the child. The father was not available for reassess-
ment and is presumed to have normal activity in
view of the repeat maternal values.

Combined enzyme deficiencies
Deficiencies of erythrocyte galactokinase and galac-
tose-l-phosphate uridyl transferase were identified in
families 9 and 10. The mother in family 9 showed a
confirmed minor deficiency of galactokinase and sub-
normal transferase activity as determined by a qualit-
ative procedure: an abnormal, presumably Duarte
variant enzyme pattern, was demonstratedl4 (Figure).
Family 10 is of special interest and is reported in

detail elsewhere.7 The child presented at age 7; years
with impaired visual acuity then found to be
associated with cataracts. Galactosuria was detected
on routine screening. Further investigation during a
period of 3 years showed that the child had partial
deficiencies of both galactose enzymes, the levels of
activity recorded fluctuating in parallel with changes
in galactose tolerance. The parents did not have a
defined monogenic disorder and the child was not a
double heterozygote for galactokinase and galactose-
1-phosphate uridyl transferase deficiency as was first
thought. The minor deficiency of galactokinase
observed in the father and high-to-normal galactose
tolerance result for the child's maternal half-brother
may indicate polygenic or other shared effects.
Acquired influences including prematurity may also
apply: liver function in the child was normal when
assessed at age 9 years.

Association with galactose tolerance. In the families
cited, oral galactose tolerance was recorded for 2
heterozygotes for galactokinase deficiency without
cataracts-in families 1 and 3: a mother and child
with reduced galactokinase activity in family 8, the
child also having cataracts, and for a further mother
with minor reduction in activity of galactokinase
and galactose-1-phosphate uridyl transferase in
family 9. Normal results were obtained in all cases.
Two further children in families 1 and 9 with normal
galactokinase activity and cataracts were also
assessed, in addition to the child in family 8 with
reduced galactokinase activity: of this group the
child in family 1 showed borderline intolerance not
related to any defined enzyme deficiency. The child
in family 10 with double partial enzyme deficiencies
showed major intolerance as described above.

Relationship with pregnancy. Identification of partial
maternal galactokinase deficiencies in families 2, 3,
4, 5, and 6 led to a recommendation to restrict
lactose intake from, or preferably before, the start
of any subsequent pregnancy. This restriction was
associated with the birth of children without
cataracts in families 2 and 6: compliance in family 4
was not achieved until at least the 5th week of
pregnancy and a child with cataracts was born.
Maternal restriction continues in families 3 and 5,
pregnancy not yet being confirmed.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.58.5.362 on 1 M

ay 1983. D
ow

nloaded from
 

http://adc.bmj.com/


366 Winder, Claringbold, Jones, Jay, Rice, Kissun, Menzies, and Mount

Galactosuria. This was found at presentation of the
child in family 10 with double partial enzyme
deficiencies, and of the 32-year-old woman with a
history of cataracts of recent onset (family 11).
Galactosuria was not found again in this second
patient and activity of galactokinase and galactose-1-
phosphate uridyl transferase, oral galactose
tolerance, and liver function were normal: the family
was not therefore investigated further.

Discussion

In common with previous authorsl-4 we have found
an incidence of minor abnormalities of galactose
metabolism in families with an incidence of cataract,
direct and maternal galactokinase deficiency being
most evident. However, there was no obvious
relationship between the extent of abnormality, the
incidence of cataract, and oral galactose tolerance.
Variation in tolerance does not seem to explain the
variable expression of cataract with the partial
disorders, and determination of tolerance does not
obviously define those individuals or families at
increased risk. A degree of intolerance may arise with
double partial defects of galactokinase and galactose-
1-phosphate uridyl transferase as here7 18 and in
some individuals with heterozygous galactokinase
deficiency ;19 20 but there is no clear evidence that lens
damage then arises from galactose intolerance and
galactitol accumulation. Any association between
the partial disorders and cataract may arise through
other mechanisms, and in at least some cases may be
fortuitous. In pregnancy special effects may arise
from delayed maturation of fetal enzymes or altered
maternal galactose metabolism but such effects are
not established and tolerance cannot be determined
in view of possible risks to the fetus.
Major deficiency of galactose-1-phosphate uridyl

transferase may be first suspected from the systemic
effects, and for these and homozygous galactokinase
deficiency and some cases of heterozygous galacto-
kinase deficiency, initial identification of galactosuria
is important and enzyme studies then follow.
Evaluation of lesser disorders associated with direct
or indirect expression of cataract should be restricted
to selected centres until any general association is
clarified. In treatment, families with an established
maternal partial defect may benefit from pre-emptive
galactose restriction before any subsequent
pregnancy: we have encountered strong support for
this possibly irrelevant but probably harmless
intervention. A monogenic defect may also be
directly transmitted and in heterozygous galacto-
kinase deficiency in particular the status of the
child should be assessed before a decision to allow
milk products.
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