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Abstract

We investigated the effect of age and sex on the serum activity of

hexosaminidase (HEX) and ß-glucuronidase (BGLU) in 275 normal

term infants aged 12 h to 12 months. Up to six weeks of life, HEX was

significantly higher in boys (P�0.023). During the age period of 1-26

weeks, BGLU was also higher in boys, but differences were signifi-

cant only at 2-6 and 7-15 weeks (P�0.016). The developmental pattern

of HEX and BGLU was sex dependent. HEX activity increased in both

sexes from 4-7 days of life, reaching a maximum of 1.4-fold the birth

value at 2-6 weeks of age in boys (P<0.001) and a maximum of 1.6-

fold at 7-15 weeks in girls (P<0.001). HEX activity gradually de-

creased thereafter, reaching significantly lower levels at 27-53 weeks

than during the first three days of life in boys (P = 0.002) and the same

level of this age interval in girls. BGLU increased in both sexes from

4-7 days of age, showing a maximum increase at 7-15 weeks (3.3-fold

in boys and 2.9-fold in girls, both P<0.001). Then BGLU decreased in

boys to a value similar to that observed at 4-7 days of age. In girls,

BGLU remained elevated until the end of the first year of life. These

results indicate a variation of HEX and BGLU activities during the

first year of life and a sex influence on their developmental pattern.

This observation should be considered in the diagnosis of GM2

gangliosidosis and mucopolysaccharidosis type VII.
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Introduction

Congenital deficiency of the lysosomal

acid hydrolases N-acetyl-ß-hexosaminidase

A and B (HEX, EC 3.2.1.30) or of ß-glucu-

ronidase (BGLU, EC 3.2.1.31) is the cause

of the autosomal recessive inherited disor-

ders GM2 gangliosidosis and mucopolysac-

charidosis type VII (McKusick 253220), re-

spectively.

GM2 gangliosidosis includes three differ-

ent biochemical patterns: i) Tay-Sachs dis-

ease or variant B (McKusick 272800), sec-

ondary to deficiency of the isoenzyme

HEX A, ii) Sandhoff disease or variant 0

(McKusick 268800) caused by deficiency of

the isoenzymes HEX A and HEX B, and iii)

variant AB (McKusick 272750) secondary

to GM2 activator deficiency. The biochemi-

cal diagnosis of GM2 gangliosidosis and

mucopolysaccharidosis type VII, whose clini-

cal and biochemical characteristics are well

described (1,2), is usually established by

measuring the HEX and BGLU activities in

serum using 4-methyl-umbelliferyl deriva-

tives as substrates. At present, no treatment
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is available for these neurodegenerative dis-

eases. Current research efforts are focused

on the introduction of a functional enzyme

through allogeneic bone marrow transplan-

tation, replacement with purified or recom-

binant enzyme or gene therapy (3-6), and

also substrate deprivation (7).

Because the genetic trait for Tay-Sachs

disease is highly frequent among Jewish

Ashkenazi groups (heterozygote frequency,

1:28) (8) and in French Canadian popula-

tions (heterozygote frequency, 1:66) (9), a

screening program for the detection of het-

erozygotic subjects has been successfully

implemented (10). This strategy has drasti-

cally decreased the incidence of this severe

neurodegenerative disorder.

Since heterozygotes for GM2 gangliosi-

dosis and mucopolysaccharidosis type VII

achieve HEX or BGLU levels close to 50%

the normal values, respectively, they could

potentially be detected by measurement of

these enzymes in leukocytes or serum. In

infants, however, the changes of HEX A,

HEX B and BGLU activities in serum along

the first year of life are unclear, impairing

the detection of heterozygotes for GM2 gan-

gliosidosis and mucopolysaccharidosis type

VII during this age period.

The objective of the present study was to

characterize the developmental pattern of

total serum HEX (HEX AB), HEX A, HEX

B and BGLU activities during the first year

of life, taking into account the influence of

both age and gender. A better understanding

of the behavior of these lysosomal enzymes

should improve the diagnosis of the GM2

gangliosidosis and mucopolysaccharidosis

type VII conditions, especially for the het-

erozygote condition.

Material and Methods

Subjects

The protocol was explained to parents

whose infants were admitted to the newborn

nursery or for minor elective surgery in the

Pediatric Unit, University Clinical Hospital,

Mainz, Germany. Informed consent was ob-

tained in 275 cases, all of whom were appar-

ently healthy German children, except for

the minor surgical pathology that motivated

admission (tonsillectomy, adenotomy, cir-

cumcision, and uncomplicated inguinal and

umbilical hernia repair). They were feeding

and growing normally and were receiving no

pharmacological treatments. Ages ranged

from 12 h to 12 months and gestational ages

from 38 to 42 weeks. The children (136 boys

and 139 girls) were divided into six age

categories: 1) 0-3 days, 2) 4-7 days, 3) 2-6

weeks, 4) 7-15 weeks, 5) 16-26 weeks and 6)

27-53 weeks on the basis of ANOVA of the

results, which showed no differences ac-

cording to gestational age and suggested this

age categorization to optimize differences

between groups.

Samples

During routine blood sampling, an addi-

tional 0.5 ml of blood was obtained without

anticoagulant. The samples were centrifuged

and serum was stored at -20ºC until assayed

within two weeks. Because an earlier study

on newborn infants had revealed fluctuation

in serum HEX activity according to a circa-

dian cycle (11), samples were always col-

lected between 8:00 and 10:00 h.

Biochemical measurements

The activities of isoenzymes HEX A,

HEX B and of BGLU were determined fluo-

rimetrically using analytical grade 4-methyl-

umbelliferyl derivatives (Sigma, St. Louis,

MO, USA). HEX activities were assayed

after heat inactivation (12). Briefly, HEX

AB activity was first determined, then

heat-labile HEX A was inactivated and the

new measurement yielded HEX B activity.

HEX A activity was calculated as the differ-

ence between total HEX AB and HEX B.
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The BGLU assay was performed using the

fluorometric method described by Woollen

and Walker (13). Enzyme activity is reported

as mU/ml serum; one milliunit (mU) of HEX

and BGLU activity is defined as 1 nmol of

4-methyl-umbelliferone released per minute.

Statistical analysis

For statistical analysis of the data, means

and standard deviations of total HEX AB,

HEX A, HEX B and BGLU activities were

calculated and tested for statistical signifi-

cance by ANOVA for comparison between

age groups and by the Student t-test for

comparison between genders, with the level

of significance set at P�0.05.

Results

The data in Figure 1 indicate that the

HEX AB activity increased gradually from

the age interval of 4-7 days to a 1.4-fold

maximum at the age interval of 2-6 weeks in

boys (ANOVA, P<0.001) and to a 1.6-fold

maximum at 7-15 weeks in girls (ANOVA,

P<0.001). HEX A and HEX B levels also

rose in both sexes from 4-7 days, reaching a

maximal increase at the same age interval as

HEX AB. However, the elevation of HEX A

was higher than that of HEX B. HEX A

reached a maximal increase of 1.6-fold in

boys and of 1.7-fold in girls (ANOVA for

both, P<0.001); the HEX B increase was

1.3-fold in boys (ANOVA, P = 0.003) and

1.4-fold in girls (ANOVA, P<0.001). Subse-

quently, HEX AB and HEX B decreased

until the age period of 27-53 weeks, reaching

a significantly lower level (ANOVA, P =

0.002 and P<0.001 for HEX AB and HEX B,

respectively) than in the first three days of

life in boys and the same level as at 0-3 days

in girls. HEX A declined in parallel to HEX

AB and HEX B, reaching the same values at

the age interval of 27-53 weeks as in the first

three days of life in boys and as the 4-7 days

of life in girls. The sharpest decline was in

HEX B activity, reaching 2.3-fold in boys

and 1.6-fold in girls. HEX A reduction was

1.7-fold in boys and 1.4-fold in girls, while

HEX AB decreased 1.9-fold in boys and 1.5-

fold in girls. All HEX reductions were highly

significant (ANOVA, P<0.001).

During the first six weeks of life HEX

AB and HEX B values were significantly

higher in boys than in girls (t-test, P�0.023).

While HEX A also tended to be greater in

boys, differences were significant only dur-

ing the age interval of 2-6 weeks (t-test, P =

0.012). At 7-15, 16-26 and 27-53 weeks of

life, the serum HEX AB, HEX A and HEX B

activities tended to be slightly higher in girls

than in boys, but the differences were not

statistically significant.

Serum BGLU activity also increased from

4-7 days of age to a maximal rise of 3.3-fold

during the 7-15-week interval in boys and of

2.9-fold in girls (ANOVA for both, P<0.001).

Then, BGLU values decreased 1.4-fold in

boys (ANOVA, P = 0.001) reaching slightly

but not significantly higher levels during the

27-53-week period compared to the 4-7-day

period. In girls, however, serum BGLU lev-

els continued to be elevated until the end of

the first year of life. When BGLU activities

were compared according to sex, the level

tended to be higher in boys than in girls until

the age period of 16-26 weeks, with a signifi-

cant difference during the age intervals of 2-

6 weeks (t-test, P<0.001) and 7-15 weeks (t-

test, P = 0.016). In the age group of 27-53

weeks, BGLU values tended to be higher in

girls than in boys, but the difference was not

significant.

Discussion

The aim of this study was to characterize

the developmental pattern of the serum HEX

and BGLU enzyme activities during the first

12 months of life. Results for apparently

healthy children revealed variations in both

serum HEX and BGLU activities during the

first year of life and differences between
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ANOVA also revealed significant differences (P�0.037) between the following age groups:

Boys
HEX AB: 1 and 2,3,4,6 2 and 3,5,6 3 and 4,5,6 4 and 5,6
HEX A: 1 and 3,4 2 and 3,4,6 3 and 5,6 4 and 5,6
HEX B: 1 and 3,5,6 2 and 5,6 3 and 4,5,6 4 and 5,6
BGLU: 1 and 2,3,4,5,6 2 and 3,4,5 3 and 6 4 and 6

Girls
HEX AB: 1 and 3,4,5 2 and 4 3 and 4,6 4 and 5,6
HEX A: 1 and 3,4,5,6 2 and 4 3 and 4,6 4 and 5,6
HEX B: 1 and 3,4 3 and 6 4 and 5,6
BGLU: 1 and 2,3,4,5,6 2 and 4,5,6 3 and 4,5,6

Figure 1. Total serum hexosaminidase (HEX AB), hexosaminidase A (HEX A), hexosaminidase B (HEX B) and ß-glucuronidase (BGLU) activities
according to age period and sex. Results are reported as mean ± SD enzyme activities in mU/ml. Numbers in parentheses below the Figure indicate the
number of subjects per group. The age groups of 0-3 days, 4-7 days, 2-6 weeks, 7-15 weeks, 16-26 weeks, and 27-53 weeks are represented by the
numbers 1, 2, 3, 4, 5 and 6, respectively. Enzyme activities were compared between girls and boys by the Student t-test and between the different age
groups according to sex by two-way ANOVA.
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sexes. Previous reports have suggested an

influence of age on HEX and BGLU activi-

ties, showing higher levels of serum HEX

(12,14) and BGLU activities (13) during the

first years of life compared to those of prepu-

beral children and adults. Reports by Tenore

et al. (15), Oberkotter et al. (16) and Shattuck

et al. (17) suggested that serum HEX activity

changes along the first six months of life

while serum BGLU activity varies during

the first 12 months (18). These studies, how-

ever, did not evaluate the second six months

of life or did not include sufficient individu-

als and thus did not provide an analysis of

the developmental pattern along the entire

first year of life. The conclusions of the

earlier investigations related to the influence

of sex on serum HEX activity in infants are

divergent (15-17). Likewise, the influence

of sex on serum BGLU activity during the

first year of life has not been systematically

investigated previously (18).

Our results demonstrated a gradual in-

crease of HEX starting during the first days

of life to a maximal rise during the first three

months. Subsequently, the enzyme activity

decreased, reaching in the second semester

the same or significantly lower levels than

those observed in the first three days of life.

These results agree with previous data re-

ported on the developmental pattern of se-

rum HEX activity during the first semester

of life (15-17) and add information about the

changes of its levels during the second se-

mester.

The factors that could explain the higher

serum HEX and BGLU activities in infants

than in older children and adults and the

variability of these enzyme levels during the

first year of life are unknown. In an attempt

to elucidate this last aspect, Tenore et al. (15)

found a positive correlation between the

changes of serum HEX and thyroxin levels

in newborns. The potential role of thyroxin

in HEX activity has been formerly suggested

by the finding of approximately 50% of the

normal HEX level in skeletal muscle and

liver of thyroidectomized rats (19). A posi-

tive correlation between thyroxin level and

serum HEX activity has been reported in

euthyroid, hypothyroid and hyperthyroid pre-

puberal females (20), suggesting the influ-

ence of this hormone on human HEX activ-

ity as well. Because newborns show a simi-

lar pattern of increase and subsequent de-

crease for both proteins, the higher serum

HEX activity of infants in comparison to

older children could be explained, at least in

part, through its regulation by this hormone.

Further support for this hypothesis is provid-

ed by studies on adults, in whom a positive

correlation between these two parameters

was also observed (21).

Another possible explanation for high

lysosomal enzyme activities in the serum of

infants could be the secretion of these pro-

teins from organs that are especially active

during this period of life. Data from an ear-

lier study suggested that one of these organs

could be the thymus (22). Both HEX and

BGLU activities have been measured in a

variety of cadaver organs and the highest

levels were observed in infant thymus. The

values obtained were considerably higher

for both enzymes, even higher than those

measured in adult livers.

Oberkotter et al. (16) proposed that the

higher serum HEX activity of male infants

might also be due to hormonal factors. These

authors have observed a high degree of cor-

relation between testosterone concentration

and serum HEX activity in both sexes, sug-

gesting a regulatory role of the male hor-

mone.

According to data obtained in a murine

model (23), the BGLU activity of a male

muscle homogenate was higher than that of

females. This difference tended to disappear

after orchidectomy and reappeared when the

orchidectomized mice received testosterone.

These results suggest that BGLU levels could

also be influenced by the male hormone. A

similar conclusion was reached by Molano

et al. (24) in a study in which higher BGLU
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levels were observed in liver homogenates

from androgenic steroid-treated rats than in

liver homogenates from untreated animals.

However, although common hormonal

factors are likely to play a role in the regula-

tion of HEX and BGLU activities, it is also

possible that other undetermined factors are

relevant. These could explain the higher in-

cremental changes in BGLU compared with

HEX activity and the different developmen-

tal pattern of these enzymes in girls during

the first year of life.

The results of this study show a consider-

able variation of serum HEX and BGLU

activities during the whole first year of life

and sex dimorphism in their developmental

pattern. We conclude that the influence of

age and gender should be considered when

GM2 gangliosidosis and mucopolysacchari-

dosis type VII (or their heterozygotic condi-

tions) are tested by serum HEX or BGLU

analysis in infants.
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