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Abstract

Background: N-acetyl-B-hexosaminidase (B-hex) is a lyso-
somal hydrolase, which is selectively secreted into the extra-
cellular space by inflammatory cells. The aim of our study
was to assess the activity of B-hex in the plasma of asthmat-
ic patients, and to establish whether it correlates with asth-
ma severity and airway inflammation. Methods: The study
was conducted in a group of 46 asthmatic patients and 13
healthy volunteers. All study participants underwent analy-
sis of exhaled nitric oxide and flow-volume spirometry. 3-
hex activity, peripheral blood eosinophils, total serum IgE
and eosinophil cationic protein were analyzed in blood sam-
ples from all asthmatic patients and healthy volunteers. Re-
sults: 3-hex activity was significantly higher in patients with
severe or moderate asthma compared with healthy volun-
teers and was positively correlated with exhaled nitric oxide
levels and serum eosinophil cationic protein in these groups
of patients. There was no correlation between B-hex activity
and forced expiratory volume in 1 s, blood eosinophil count
or total serum IgE in these groups of asthmatics. Conclu-
sions: Our results suggest that B-hex could take part in air-
way inflammation and remodeling in asthma. Our study is
thefirstreportin which the elevated activity of B-hexin sub-

jects with asthma has been observed. However, more stud-
ies are needed to establish the precise role of this enzyme in

asthma in humans. Copyright © 2008 S. Karger AG, Basel

Introduction

Asthma is a chronic inflammatory disease of the air-
ways in which many cell types play a role - in particular
mast cells, eosinophils and T lymphocytes [1]. Airway re-
modeling is a special feature of asthma, in which airway
smooth muscle proliferation occurs as a consequence of
inflammation [2]. Thus, asthma should be seen as a con-
tinuum from symptoms to airway wall remodeling,
though the mechanisms underlying this process remain
unclear [3].

Upon activation, mast cells and eosinophils release to
their surroundings numerous substances serving as me-
diators of extracellular matrix and mitogenesis [4, 5]. The
majority of these substances are stored and released from
highly specialized granules present in such cells [4, 5].
The secretory granules are believed to have a lysosomal
origin, based on the assumption that the granules are also
expected to contain and release acid hydrolases, ubiqui-
tous in lysosomes [6]. Although the characteristics and
physiological role of specific substances stored in mast
cells and eosinophil granules have been extensively stud-
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ied in asthmatic patients, little is known about the in-
volvement of classical lysosomal acid hydrolases in the
pathophysiology of this disease. One such hydrolase is N-
acetyl-B-hexosaminidase (3-hex). This is a proteolytic
enzyme which releases N-acetyl-glucosamine and N-ace-
tyl-galactosamine from the nonreducing end of oligosac-
charide chains of glycoproteins, glycolipids and glycos-
aminoglycans [7]. Glycosaminoglycans are important
substrates for 3-hex [8]. B-hex is a lysosomal hydrolase
which is secreted into the extracellular space selectively
by inflammatory cells such as mast cells, basophils, mac-
rophages, eosinophils and neutrophils [9-11].

Little is known about classical lysosomes containing
such acid hydrolases, including 3-hex, in asthma. There-
fore, the aim of this study was to assess (3-hex activity in
asthmatic patients with different degrees of severity of
the disease and to establish a possible correlation between
the activity of this enzyme and other parameters used for
assessment of asthma severity and airway inflamma-
tion.

Material and Methods

Patients

The study involved a group of 46 patients with mild to severe
allergic asthma (15 with mild, 10 with moderate and 21 with se-
vere asthma). Asthma was diagnosed according to the criteria rec-
ommended by the Global Initiative for Asthma (GINA) [1]. All
patients were in a stable condition, free from acute exacerbations
and respiratory tract infections during the previous 2 months.
Patients who presented other factors that could alter exhaled ni-
tric oxide (Fgno; except for asthma, features of atopy or allergic
rhinitis) were excluded from the study. Fgno measurement and
flow-volume spirometry were performed in each asthmatic pa-
tient. The presence of allergy to common allergens (house dust
mite, trees, weeds, grasses, cat, Alternaria or Cladosporium) was
demonstrated in all patients by positive skin prick tests. All pa-
tients had been treated with stable doses of inhaled glucocortico-
steroids during the past 3 months: patients with mild asthma re-
ceived a daily dose of 200-400 g budesonide or its equivalent,
patients with moderate asthma a daily dose of >400-800 g
budesonide or its equivalent and patients with severe asthma a
daily dose of >800-1,600 g budesonide or its equivalent, accord-
ing to GINA 2002 [1]. Patients treated with oral glucocorticoste-
roids were excluded from the study.

Thirteen healthy volunteers were used as a negative control
group. All of them underwent analysis of Fgyo and flow-volume
spirometry. They were free of respiratory tract infection for 2
months prior to the study and from other significant illnesses
known to affect Fgno measurements.

B-hex activity, peripheral blood eosinophils, total serum IgE
and eosinophil cationic protein (ECP) were analyzed in blood
samples from all asthmatic patients and healthy volunteers.

Asthmatic patients and healthy volunteers were nonsmokers
and had not been passive smokers in the previous year.
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The study protocol was approved by the research Ethics Com-
mittee of the Medical University of Bialystok (reference No. R-I-
003/94/2006). Informed consent was obtained from all patients
enrolled in the study.

Measurements

Feno was measured in all asthmatic patients and healthy sub-
jects using the chemiluminescence technique with a Sievers 2801
nitric oxide (NO) analyzer (Sievers, USA). The measurements
were performed at an expiratory flow of 50 ml/s [12]. The duration
of exhalation had to be at least 6 s to produce a stable NO level for
3 s. Three recorded Fgno measurements were obtained for each
subject. Repeat measurements were performed until the 3 values
agreed to within 10% of the mean. The mean value of the 3 mea-
surements was recorded as the final Fgyo.

Baseline spirometry was performed using a MasterScreen
Pneumo PC spirometer (Jaeger, Germany). Spirometry was per-
formed according to American Thoracic Society guidelines [13].
Forced expiratory volume in 1 s (FEV,) was evaluated. The high-
est value from 3 technically satisfactory attempts was attached.

Blood eosinophil count was measured using a hematologic an-
alyzer (Coulter Electronics GmbH, Germany). Total serum IgE
concentration and serum ECP concentration were measured by
immunoassay using the ImmunoCAP™ system (Pharmacia Di-
agnostics, Sweden).

B-hex Activity Measurement

Blood Collection

Blood samples were collected after an overnight fasting peri-
od, into tubes containing 3.2% sodium citrate (10:1 vol/vol); plate-
let counts were measured using a Coulter STKS. Platelet-rich plas-
ma was prepared by centrifugation of whole blood at 200 g for 15
min at room temperature; platelet-poor plasma was obtained by
centrifuging platelet-rich plasma at 2,000 g for 6 min, and platelet-
filtrated plasma (PFP) was obtained by centrifuging platelet-poor
plasma at 11,000 g for 10 min.

Determination of B-hex Activity

B-hex (EC 3.2.1.52) activity was determined in freshly pre-
pared PFP samples as described previously [14].

Briefly, PFP samples (50 1) were supplemented with 50 pl of
5 mM p-nitrophenyl-N-acetyl-B3-D-glucosamide in 0.1 M citrate
phosphate buffer, pH 4.5, at 37°C for 60 min. At the end of the
incubation, 200 pl 0.1 M NaOH was added. Absorbance was mon-
itored at 405 nm. Results are expressed in micromoles of released
p-nitrophenyl per liter of PFP. The activity of 3-hex was expressed
in international units (IU) as the number of micromoles of p-ni-
trophenyl liberated during 1 min and was calculated for 1 liter of
PFP.

Statistical Analysis

Data were compared using one-way analysis of variance fol-
lowed by Bonferroni’s t test post hoc to determine statistical dif-
ferences. All values were expressed as means + SD. The relation-
ship between studied parameters was assessed using Pearson’s
linear correlation coefficient. p < 0.05 were considered statisti-
cally significant.
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Table 1. Characteristics of studied asthmatic patients and healthy volunteers

Healthy volunteers ~ Mild asthma Moderate asthma Severe asthma

Patients, n 13 15 10 21
Sex, F/IM 8/5 9/6 7/3 16/5
Age, years 36.7%8.0 39.5+9.9 45.6*10.3 48.4+8.3
B-hex activity, IU/1 2.66%0.78 3.63+1.69 3.97*1.03* 6.39£1.90%%¢
Baseline FEV}, % predicted 97.5£8.6 96.5+11.7 77.1+15.0%° 49.5+8.9%bc
Blood eosinophil count, cells/mm? 88.5+40.5 159.7£121.4 103.2£75.8 147.8 £140.5
Serum concentration of ECP, g/l 3.16+0.9 6.8+ 1.6° 9.9£22%P 10.3+3.7%0
Serum total IgE concentration, kU/I 66.1+48.9 192.3 +146.5* 101.5+60.7* 180.4+133.3°
Feno» Ppb 155%59 62.5+45.4° 132.5+83.9%P 543+ 32.5%¢

Data are presented as means * SD. ? p < 0.05 versus healthy volunteers; ® p < 0.05 versus mild asthma; ¢ p < 0.05 versus moderate
asthma.

Results

The characteristics of the patients and healthy volun-
teers are presented in table 1. The highest levels of 3-hex
activity were observed in patients with severe asthma. This
activity was statistically significantly higher compared
with patients with mild or moderate asthma or healthy
volunteers. In moderate asthmatics, statistically signifi-
cantincreased 3-hex activity was observed compared with
healthy volunteers. In this group of asthmatic patients, the
activity of this enzyme was higher than in mild asthmat-
ics, but these differences were not statistically significant.
Comparing patients with mild asthma with healthy vol-
unteers, higher B-hex activity was observed in mild asth-
matics; however, these differences were not statistically
significant. These results are presented in figure 1.

We observed that 3-hex activity increased with asth-
ma severity (p < 0.01). The relationship between 3-hex
activity and age of patients within each studied group did
not reveal statistically significant correlations. There was
also no correlation between activity of 3-hex in females
versus males in all groups studied.

In the groups of severe and moderate asthmatics, 3-
hex activity was positively correlated with Fgno levels and
serum ECP. There were no correlations between [3-hex
activity and FEV}, blood eosinophil count or total serum
IgE in these groups of patients.

In the groups of mild asthmatics and healthy volun-
teers, there were no correlations between (3-hex activity
and Fgyo levels, serum ECP, FEV, blood eosinophil count
or total serum IgE. The correlations between [3-hex activ-
ity and other studied parameters in all groups of asthmat-
ics and healthy volunteers are presented in table 2.

Beta-Hexosaminidase in Asthma
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Fig. 1. B-hex activity in healthy volunteers and particular groups
of asthmatics.

Comparisons of the studied parameters (Fgno, FEV,
ECP, total IgE and blood eosinophilia) in particular
groups of asthmatics and healthy volunteers are present-
ed in table 3.

Discussion
There is no information about (3-hex activity in hu-

mans with asthma. Therefore, the aim of our study was
to assess 3-hex activity in asthmatic patients and healthy
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Table 2. Correlations of 3-hex activity with other studied parameters

Study groups Feno ECP Blood eosinophilia ~ Total IgE FEV,

it p it p i p I p i p
Healthy controls 0.0002 0.99 0.1044 0.28 0.0008 0.93 0.0865 0.33 0.0304 0.57
Mild asthma 0.0299 0.54 0.0377 0.49 0.0097 0.73 0.0844 0.29 0.0179 0.63
Moderate asthma 0.5644 0.01 0.4546 0.03 0.0298 0.63 0.0317 0.62 0.0021 0.90
Severe asthma 0.6245 <0.01 0.4453 <0.01 0.0069 0.72 0.0678 0.25 0.0068 0.72

Table 3. Comparison of studied parameters between healthy volunteers and particular groups of asthmatics

p value
Feno ECP blood total IgE  FEV,
eosinophilia

Healthy controls versus severe asthma <0.01 <0.01 0.15 <0.01 <0.01
Healthy controls versus moderate asthma <0.01 <0.01 0.55 0.13 <0.01
Healthy controls versus mild asthma <0.01 <0.01 0.05 <0.01 0.78
Severe asthma versus moderate asthma <0.01 0.77 0.35 0.08 <0.01
Severe asthma versus mild asthma 0.53 <0.01 0.79 0.8 <0.01
Moderate asthma versus mild asthma 0.01 <0.01 0.2 0.07 0.01

volunteers and to establish a possible correlation between
the activity of this enzyme and other parameters used for
assessment of asthma severity and airway inflammation.
We observed that the activity of this enzyme is elevated
in patients with asthma compared with healthy volun-
teers as well as with asthma severity.

What is the source of 3-hex in asthma? B-hex is re-
leased from all cells containing lysosomes, including
mast cells, basophils, macrophages, eosinophils and neu-
trophils [9-11]. All these cells are activated during asth-
matic inflammation [15].

Many studies have demonstrated that increased se-
rum activity of B-hex is a consequence of the release of
this enzyme from restricted areas in the human body,
such as neoplasms or liver cells [16-18]. Plucinsky et al.
[19] have shown that in patients with colorectal cancer
B-hex serum activity is increased and elevated levels of
this enzyme have been observed in malignant tissue com-
pared to the activity seen in uninvolved normal colon
tissue. Therefore, the plasma level of 3-hex could be a re-
flection of many physiological and pathological process-
es, limited to particular cells, tissues or organs.

We observed that in the groups of moderate and severe
asthmatics B-hex activity was correlated well with ECP,
which is the marker of eosinophil activation [20], as well
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as with Fgno, which is in turn produced by many inflam-
matory cells such as macrophages, eosinophils and air-
way epithelial cells [15]. Thus, the increase in plasma 3-
hex activity in asthma could be a consequence of the ac-
tivation of all these cells during airway inflammation.
Gabazza et al. [21] suggest that NO plays a key role in
the pathogenesis of airway remodeling. NO can modulate
airway smooth muscle tone, bronchial edema and bron-
chial inflammation, and is known to be increased in the
exhaled air of asthmatic patients [22, 23]. We observed
that B-hex activity correlates well with Fgyo levels in pa-
tients with moderate or severe asthma. Therefore, we
suggest that this enzyme could participate in airway in-
flammation and remodeling. B-hex and other mannosyl-
rich lysosomal hydrolases are potent mitogens for bovine
airway smooth muscle cells [24], and this mitogenic ac-
tion is mediated via airway smooth muscle mannose-rec-
ognizing receptors [25] that have been isolated from bo-
vine airway smooth muscle cells and human bronchial
smooth muscle [26]. Lew et al. [27] demonstrated that 3-
hex-induced airway smooth muscle cell proliferation is
mediated by activation of p21Ras/MEK/p44/42MAPK and
protein kinase C. B-hex causes activation of p44/42MAPK
that is late in onset (30 min) and sustained for 4 h [27].
The pattern of B-hex-induced p44/42MAPK ig probably

Tomasiak/Tomasiak/Zietkowski/
Skiepko/Bodzenta-Lukaszyk



critical to cell proliferation [28-30]. Moreover, 3-hex is
protease resistant [26] and, upon activation, first degrades
the extracellular matrix and subsequently acts as a mito-
genic factor [27]. Thus, B-hex may serve as a key inflam-
matory mediator critical to the airway remodeling pro-
cess [26] and the mitogenic activity of this enzyme in hu-
mans is very likely; however, more studies are needed to
establish its precise role in airway remodeling.

Studies on animal models have revealed that B-hex ac-
tivity is associated with mitogenesis and airway remodel-
ing [24, 27]. Our studies demonstrate that 3-hex activity
is statistically significantly higher in patients with mod-

erate or severe asthma than in healthy persons. These re-
sults suggest that 3-hex may contribute to inflammation
and airway remodeling in asthma. However, more stud-
ies are needed to establish the precise role of this enzyme
in the pathogenesis of this disease.
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