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ABSTRACT

Purpose: The objective of the study was to establish age — dependent values of the urinary lysosomal
exoglycosidases activities: N-acetyl-[3-D-hexosaminidase (HEX) and its isoenzyme A (HEX A) as well as
isoenzyme B (HEX B) in healthy children and adolescents.
Material and methods: The study was performed using a random sample of 203 healthy children and
adolescents (girls =99, boys = 104), aged six months to 17.9 years. The activities of HEX, HEX A and HEX B
were determined by a colorimetric method. The activities of the urinary HEX and its isoenzymes were
expressed in pKat/pg of creatinine (pKat/wg Cr).
Results: Median concentrations of urinary HEX, and its HEX A, HEX B isoenzymes in particular age groups
were analyzed using ANOVA. Urinary HEX, HEX A and HEX B activities (pKat/g Cr) were the highest in
children below 3 years, in comparison to remaining age groups. There were statistically significant
negative correlations between urinary HEX, HEX A as well as HEX B and age (r=—0.24, p < 0.001 (HEX);
r=-0.20, p<0.01 (HEX A); r=-0.26, p<0.001 (HEX B), respectively. We constructed the reference
values for urinary activity of HEX, HEX A and HEX B (pKat/j.g Cr) in centiles according to age, in three-
year intervals.
Conclusions: Reported data present, for the first time, reference values for urinary activities of HEX and its
isoenzymes HEX A and HEX B in children and adolescent.

© 2017 Medical University of Bialystok. Published by Elsevier B.V. All rights reserved.

1. Introduction

Determination of the urinary activities of the HEX and its
isoenzymes HEX A and HEX B is a non-invasive method allowing on

Among above 50 enzymes produced by human renal cells, only
several has diagnostic value [1]. N-acetyl- -p-hexosaminidase
HEX (EC 3.2.1.52) is a lysosomal acid hydrolase releasing N-
acetylglucosamine or N-acetylgalactosamine from non-reducing
ends of glycoconjugates (glycoproteins, glycolipids and glycosa-
minoglycans) [2,3]. HEX is a dimeric glycoprotein constructed with
polypeptide chains a and [3. The most active are HEX A (af3) and
HEX B (3f3) [4]. Mature HEX isoenzymes have molecular weights
(MW) of 96-110 kDa, depending on tissue that served for isolation
[5-7].
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early detection and monitoring of the renal damage [1,8-10]. HEX
is a well-known marker of renal proximal tubules dysfunction [1].
Renal [8] and colon cancers [11,12] significantly increased urinary
HEX and its isoenzymes HEX A and HEX B activities while
pancreatic adenoma increased only urinary HEX A activity [13].
Activities of HEX, HEX A and HEX B in serum [8,13], synovial fluid
[14], cerebrospinal fluid [15], human milk [16] and saliva [17],
reflect health condition of investigated person.

In diagnostics of renal diseases both significant decrease and
increase in urinary HEX activity may be of high importance.
Different theories exist regarding the potential mechanisms of
kidney cell injury. The excessive reabsorption of ultrafiltered
proteins by proximal tubular cells can lead to tubular damage and
apoptosis/necrosis by exhaustion of the lysosomal degradation
pathway and spillage of lysosomal enzymes into the cytoplasm. In
response to excessive lysosomal protein degradation, the proximal
tubular cells produce a variety of molecules, including lysosomal
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Table 1

Characteristics of the study population (Q1- lower quartile, Q3- upper quartile).
Variable GIRLS n=99 BOYS n=104 P value

Median Q1 Q3 Median Q1 Q3

Age (years) 9.10 7.09 11.09 9.09 7.05 12.07 NS
Weight (kg) 30.98 23.90 41.80 38.50 30.50 51.80 NS
Height (cm) 137.70 126.30 148.30 144.50 132.30 158.40 NS
HEX (pKat/mL) 120.63 91.28 180.46 114.42 91.28 256.19 NS
HEX A (pKat/mL) 24.84 9.03 42.90 20.32 11.85 40.08 NS
HEX B (pKat/mL) 96.93 70.96 128.54 87.90 69.83 119.50 NS
Creatinine (pg/mL) 1028.238 608.450 1465.356 936.905 612.214 1227.363 NS
HEX (pKat/pg Cr) 0.123 0.088 0.217 0.133 0.090 0.234 NS
HEX A (pKat/pg Cr) 0.021 0.009 0.054 0.025 0.010 0.053 NS
HEX B (pKat/pg Cr) 0.093 0.071 0.148 0.097 0.074 0.165 NS

NS — not significant

exoglycosidases. Although many studies suggested that lysosomal
exoglycosidases play a role in the progression of renal diseases, the
pathogenetic roles of their direct interaction in renal fibrosis
remain unclear. Observed changes can be due to a defective kidney
filtration barrier, cellular lysis of proximal tubule cells, and due to
increased lysosomal exocytosis. It was reported that particularly
high activities of HEX were confirmed in cells of proximal
convoluted tubules, and negligible activities were released by
secretion and exocytosis from their lysosomes to urine, without
disturbing plasma membrane [18-20].

The activities of HEX, HEX A and HEX B detected in serum, urine
or saliva of healthy people are important for further interpretation
of values obtained in children and adolescent with different health
disturbances. Analysis of available reference values indicate
shortage of data concerning HEX and its isoenzymes activity in
biological fluids of children and adolescent [17,21-23]. Therefore
we decided to determine reference values for urinary HEX and its
isoenzymes HEX A and HEX B in urine of healthy children and
adolescent.

The additional aim of our research was to establish the relations
between the age, gender and urinary HEX as well as HEX A and HEX
B activities.

2. Materials and methods
2.1. Participants

The study was performed using a random sample of 203 healthy
Caucasian children and adolescents (girls=99, boys=104), aged
from six months to 17.9 years. The study group was divided into six
age groups in 3-year intervals: 0.5-2.9 yrs — 28 subjects; 3-5.9 yrs
— 29 subjects; 6-8.9 yrs — 36 subjects; 9-11.9 yrs — 35 subjects;
12-14.9 yrs — 43 subjects and 15-17.9 yrs — 32 subjects.

The material and data were obtained from participants of the
OLAF study [24] as well as from healthy children of the Hospital
staff.

Informed consent was obtained from parents of all participants
and children older than 16 years of age. The study protocol was
approved by Local Committee of Bioethics, Medical University of
Bialystok (01 September 2014; ANZ-06042-134-41724/14) while
the OLAF study was approved by The Children’s Memorial Health
Institute Ethics Committee.

The medical past and present history of the study participants
was taken from the parents. For all participants careful clinical
histories were taken and physical examinations were performed.
Body weights and heights were measured using a balance beam
scale and pediatric wall — mounted stadiometer. Inclusion criteria
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Fig. 1. Linear regression analysis showing the relationship between urinary HEX and its isoenzymes activity (pKat/wg Cr) and age.
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Fig. 2. Comparison of urinary HEX (A) and its isoenzymes activity (B and C) (pKat/
g Cr) between six age groups: 10.5-2.9 years, I 3.0-5.9 years, Il 6.0-8.9 years, IV
9.0-11.9 years, V 12.0-14.9 years, VI 15.0-17.9 years; ANOVA analysis of variance.

of the study participants: healthy children and adolescents aged
0.5-18 years. Exclusion criteria: any signs of infection, chronic
diseases and medications that may have influence on renal
function. After an overnight fasting, first morning voided urine
samples were collected from each patient. The samples were
transported to the laboratory within 4h and then frozen at a
temperature —80°C.

2.2. HEX and HEX B activities

HEX and HEX B activities in urine (pKat/mL) were determined
using the method of Marciniak’s et al. [25] as modified by Szajda
et al. [26]. For the determination of urinary HEX activity, to a
microplate wells were added: 10 pL of urine, 30 pL of substrate
(20mM solution of 4-nitrophenyl-N-acetyl-B-p-glucosaminide
—Sigma, St. Louis, MO, USA) and 40 pnL of 100mM citrate-
phosphate buffer pH 4.7. The microplates were incubated for
60 min at 37 °C with constant shaking. The enzymatic reaction was
stopped by adding 200 L of 200 mM borate buffer, pH 9.8.

For determination the HEX B activities, to a microplate wells
were added 40 L of 100 mM of phosphate-citrate buffer at pH 4.7,
than 10 pL of the urine and incubated for 180min at 50°C to
deactivate a thermolabile HEX A. Then 30 w.L of 20 mM solution of
4-nitrophenyl-N-acetyl-3-p-glucosaminide (Sigma, St. Louis, MO,
USA) were added and the mixtures were incubated for 60 min at
37°C. The enzymatic reactions were terminated by adding 200 L
200mM borate buffer at pH 9.8. The activities of lysosomal
exoglycosidases corresponding to the amounts of released 4-
nitrophenol, were measured at 405nm, using the microplates
reader ELx800™ and computer program KC junior (Bio-Tek
Instruments, Winooski, VT, USA).

As thermolabile HEX A is inactivated during 3 h incubation at
50°C at pH 5.0, and HEX B is thermostable, HEX A activity was
calculated from the difference between activity of total HEX and
HEX B:

HEX A=HEX - HEX B

The concentration of urinary activities of HEX, HEX A and HEX B
were expressed in pKat/mL. Urinary activities of HEX, HEX A and
HEX B were standardized by comparison to urinary creatinine
concentrations.

2.3. Creatinine determination

Creatinine concentrations were determined using kits ABX
Pentra Enzymatic Creatinine CP, biochemical analyzer ABX Pentra
400, and expressed in pg/mL.

2.4. Statistical analysis

The data were analyzed with Statistica (version 12.0, StatSoft,
Tulsa, OK, USA) program. Kolmogorov-Smirnov test was used to
determine normality of variables. Discrete variables were
expressed as counts (percentage) and continuous variables as
median and quartiles, unless stated otherwise. The comparison
between groups was done using chi-square and Fisher exact tests
for categorical variables and t test for continuous variables for
normally distributed data, or Mann-Whitney or analysis of
variance; (ANOVA) tests were used for non-normally distributed
data. Correlations between urinary HEX, HEX A and HEX B
activities and creatinine ratio as well as other variables were
evaluated by Pearson’s or Spearman'’s test, as appropriate. P < 0.05
was considered statistically significant. Age-specific reference
values for HEX, HEX A and HEX B activities to creatinine ratio were
generated by the Lambda-Mu-Sigma (LMS) method using LMS
Chart Maker software [27], which characterizes the age dependent
distribution of a target parameter based on a quantile regression fit
by three different components: the median (M), the variance (S)
and the skewness of the distribution, which is evaluated by an
exponential factor (L) from a Box-Cox transformation [28].

Centile curves for age were obtained as:

Crooa (t)=M(t) [1+L(t) S(t)Za] MO
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Fig. 3. Urinary creatinine excretion (ug/mL) between six age groups: I 0.5-2.9
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17.9 years; ANOVA analysis of variance.
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where Zo is the normal equivalent deviate for tail area o and Cygge
(t) is the centile corresponding to Z«

3. Results

The study group of 203 individuals was divided into six age
groups in three-year intervals: 0.5-2.9; 3-5.9; 6-8.9; 9-11.9; 12-
14.9 and 15-17.9 years old; 48.8% were girls and 51.2% boys of
similar age (p>0.05). There were no statistically significant
differences in median values of all estimated HEX, HEX A and
HEX B activities (pKat/mL and pKat/jLg Cr) between girls and boys
(p >0.05). Groups’ characteristics are shown in Table 1.

We observed statistically significant positive correlation
between urinary HEX, HEX A, HEX B (pKat/mL) and age (r=0.26,
r=0.02, r=0.3, p<0.001, respectively). To reduce the variations
due to dilution, as a common practice we corrected the pKat/mL
values according to urinary creatinine concentration. Following
adjustment for creatinine, urinary HEX, HEX A, HEX B excretion
showed trend toward decreasing values with increasing age. Fig. 1
presents significant negative correlation between age and urinary
(pKat/pg Cr): HEX (r=-0.24, p<0.001), HEX A (r=-0.20,
p <0.005) and HEX B (r=—0.26, p < 0.001), respectively. Therefore,
we assessed urinary HEX, HEX A, HEX B (pKat/g Cr) in particular
age groups in three-year intervals.

We observed statistically significant differences in median
activity in urine HEX, HEX A and HEX B (pKat/g Cr) in particular
age groups (ANOVA, p < 0.05). The highest urinary activity of HEX,
HEX A and HEX B were found in children <3 years (HEX — 0.59,
HEX A — 0.28, HEX B — 0.32 pKat/wg Cr) and the lowest in the
oldest children >15 years (HEX — 0.091, HEX A — 0.017, HEX B —
0.068 pKat/ig Cr) Fig. 2A-C. Urinary creatinine excretion also
revealed significant differences depending on age (ANOVA,
p <0.05) (Fig. 3).

As already described above, for each period 3rd, 10th, 25th,
50th, 75th, 90th and 97th centiles were estimated of analyzed
patients. Results were found in Table 2A-C.

4. Discussion

Urinalysis is one of the basic medical laboratory investigations
that includes evaluation of physical and chemical properties of
urine as well as microscopy assessment of urinary sediment.
Urinalysis detects pathological changes in urinary system and
kidneys, infections of urinary tract, presence of deposits, decom-
pensated diabetes, early changes in vascular system in course of
hypertension, diabetes and other diseases. Urinalysis is a simple,

Table 2
Urinary HEX and its isoenzymes (pKat/ug Cr) activities — reference values for children and adolescents, according to age.

A) HEX
Age (years) LMS Centiles

L M S 3rd 10th 25th 50th 75th 90th 97th
0.5-2.9 -0.137 0.828 0.958 0.165 0.266 0.446 0.828 1.631 3.186 6.591
3.0-5.9 -0.429 0.460 0.739 0.154 0.208 0.293 0.460 0.807 1.555 3.831
6.0-8.9 -0.173 0.123 0.557 0.047 0.062 0.085 0.123 0.181 0.264 0.391
9.0-11.9 —0.281 0.123 0.512 0.052 0.067 0.088 0.123 0.177 0.255 0.380
12.0-14.9 —0.459 0.126 0.534 0.055 0.069 0.090 0.126 0.188 0.288 0.488
15.0-17.9 0.679 0.099 0.596 0.012 0.033 0.062 0.099 0.142 0.184 0.229
B) HEX A
Age (years) LMS Centiles

L M S 3rd 10th 25th 50th 75th 90th 97th
0.5-2.9 -0.176 0.273 1110 0.046 0.076 0.135 0.273 0.611 1.408 3.702
3.0-5.9 —0.048 0.144 1.057 0.021 0.038 0.071 0.144 0.298 0.586 1.168
6.0-8.9 —0.088 0.016 1.023 0.002 0.004 0.008 0.016 0.032 0.064 0.132
9.0-11.9 0.129 0.019 1.051 0.002 0.004 0.009 0.019 0.039 0.068 0.115
12.0-14.9 0.262 0.023 1110 0.001 0.003 0.010 0.023 0.046 0.078 0.124
15.0-17.9 0.068 0.020 1.210 0.001 0.004 0.008 0.020 0.046 0.090 0.172
C) HEX B
Age (years) LMS Centiles

L M S 3rd 10th 25th 50th 75th 90th 97th
0.5-2.9 0.039 0.468 0.943 0.074 0.135 0.246 0.468 0.878 1.527 2.605
3.0-5.9 -0.373 0.277 0.732 0.091 0.124 0.176 0.277 0.478 0.881 1.921
6.0-8.9 —0.280 0.099 0.553 0.039 0.051 0.069 0.099 0.146 0.218 0.339
9.0-11.9 -0.301 0.099 0.503 0.043 0.055 0.072 0.099 0.142 0.204 0.303
12.0-149 —0.684 0.098 0.496 0.047 0.058 0.072 0.098 0.144 0.227 0.436
15.0-17.9 0.881 0.070 0.488 1.081 0.028 0.048 0.070 0.094 0.116 0.138
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non-invasive, cheap and open-access method, that may provide
significant information concerning our health [29].

One of the non-invasive methods for evaluation of the renal
function is determination of enzymes produced by kidneys and
excreted with urine. It was documented that only enzymes not-
denatured in acid urinary environment, excreted in minimal
amounts with urine of healthy persons may be of diagnostic
importance [1]. N-acetyl-3-p-hexosaminidase (HEX) is the enzyme
that fulfills the above conditions, because it is present in small
quantities in urine of healthy persons, and have highest activity in
proximal renal tubules in comparison to remaining renal regions
[1,11,13]. Both in renal medulla and cortex HEX A and HEX B
activities with distinct dominance of HEX A were found [30].

The HEX A in body fluids is an inflammatory indicator, secreted
into extracellular space by the inflammatory cells such as mast
cells, basophils, macrophages, eosinophils, and neutrophils as well
as an indicator of metabolic and secretory activity of the cells
[31,32]. HEX B is an indicator of cell damage [31].

Significant increase in urinary HEX activity occurs in acute and
chronic glomerulonephritis [33], uremia [34], vesicoureteral reflux
[35], exacerbation of chronic pyelonephritis [36], nephrotic
syndrome [37], damage to renal tubules in children with pyelo-
ureteral stenosis [21], in children with solitary kidney [22], after
injuries and renal transplantation [38]. Urinary HEX activity may
be the marker for evaluation the efficiency of alcoholic disease
treatment [39]. Moreover, increased urinary HEX activity in
cigarette smokers may indicate on microinjuries to renal tubules
[40]. Increase in urinary HEX activity is also an early symptom of
rejection of renal transplant [41]. It is worthy of note that, urinary
HEX activity in the early stage of diabetic nephropathy in children
is twice higher when compared to healthy people [42] and that
Liubimova et al. reported HEX as a more sensitive marker of renal
tubules damage by cytostatic drugs, than urinary urea and
creatinine [43,44].

In publications reporting application of urinary HEX and its
isoenzymes in diagnostics of different clinical states, activities of
HEX and its isoenzymes in urine of healthy people are used as
reference values [11-13,17]. Similar situation takes place in few
reports on urinary activity of HEX and its isoenzymes in children
[21,22]. Analyzing available reports, we found a shortage of
publications that reported reference values for urinary HEX, HEX A
and HEX B activities in children and adolescent. In our study
urinary activities of HEX and its isoenzymes HEX A and HEX B of
203 children and adolescent were independent on gender (Table 1),
but were age-dependent. After dividing the children and adoles-
cent into 6 groups in 3 years intervals, we showed statistically
significant differences (p<0.05) in activities of HEX and its
isoenzymes (pKat/pg Cr) in urine of youngest children (0.5-2.9
years), when compared to adolescent (15.0-17.9 years), (Fig. 2A-C).
We found reverse correlation between age and activity of
creatinine adjusted urinary: HEX: r=-0.24, p<0.001; HEX A:
r=-0.20, p<0.01 and HEX B: r=-0.26, p <0.001, respectively
(Fig. 1). Our results are partially consistent with report of Agirbasli
et al. [45] performed on young people (18-32 years old), who
proved that urinary HEX excretion was dependent on age, gender,
race and blood pressure. Possible explanation of it might be the fact
that urinary creatinine excretion increases with age and reflects
total muscle mass. Urinary creatinine concentration was used as a
simple tool to normalize HEX, HEX A and HEX B (pKat/mL)
measurements to account for the influence of urinary dilution on
its concentration. In reviewing the literature, data was found on
the association between urinary activity of HEX and age in the
healthy pediatric population [46,47]; however similar findings
concerning negative correlation of the urinary activity of HEX, HEX
A, and HEX B (pKat/pg Cr) with patient’s age were noted in

children and adolescents with solitary functioning kidney and
hydronephrosis [21,22].

Table 2A-C show dependence of the urinary activities of HEX,
HEX A and HEX B in children and adolescent on age, taking into
consideration centile network in range of normal values 3rd, 10th,
25th, 50th, 75th, 90th, and 97th centiles, which may be of practical
importance in distinguishing normal from diseased children and
adolescent.

5. Conclusions

Our research on reference activities of urinary HEX, HEX A and
HEX B in children and adolescent obtained from a large group of
participants, found their significant dependence on age but not on
gender.
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