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ABSTRACT

Objective: Mucopolysaccharidoses is a group of inherited lysosomal storage diseases that are 
manifested by various clinical signs and symptoms (skeletal dysplasia, coarse face, progressive 
psychomotor retardation, cardiac and lung involvement) due to the deposition of glycosaminogl-
ycans in tissues. Recently it has been shown that the inflammatory response to glycosaminogl-
ycan deposition in leucocytes in animal models of mucopolysaccaridoses has increased. Here, we 
aimed to investigate some inflammatory markers (galectin-3, cathepsin-D and chitotriosidase) as 
diagnostic markers in different types of mucopolysaccharidosis and in patients with Gaucher 
disease and Niemann Pick A/B disease.
Methods: Plasma samples were collected from patients with mucopolysaccharidosis (n=25), 
Gaucher Disease (n=16), Niemann Pick A/B (n=5) and 15 healthy controls. All subjects were 
under the age of 18 years. Chitotriosidase enzyme activities were determined fluorometrically, 
cathepsin-D and galectin-3 levels were determined by using the ELISA kit. 
Results: Chitotriosidase enzyme activities were statistically significantly higher in patients with 
MPS IV than the control group. Cathepsin-D levels were higher in patients with MPS I, MPS III 
and MPS IV, galectin-3 levels were higher in patients with MPS I, MPS IV and MPS VI when 
compared to healthy controls. All three parameters were higher in patients with Gaucher disea-
se and Niemann Pick A/B disease.  
Conclusion: Elevated levels of galectin-3 in MPS I, MPS IV and MPS VI and elevated levels of 
cathepsin-D in MPS I, MPS III and MPS VI support the influence of inflammatory process in 
the pathophysiology of mucopolysaccharidosis and might be promising new biomarkers in the 
diagnosis with high sensitivity and specificity.
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ÖZ

Amaç: Mukopolisakkaridozlar dokulardaki glikozaminoglikanların birikimi nedeniyle çeşitli 
klinik belirti ve semptomlar (iskelet displazisi, seyir yüzü, ilerleyici psikomotor gerilik, kalp ve 
akciğer tutulumu) ile kendini gösteren kalıtsal lizozomal depolama hastalıkları grubudur. Son 
zamanlarda, mukopolisakaridoz hayvan modellerinde lökositlerdeki glikosaminoglikan biriki-
mine verilen enflamatuvar yanıtın arttığı gösterilmiştir. Bu çalışmada, çeşitli mukopolisakaridoz 
tipleri ile Gaucher ve Niemann Pick A/B hastalıklarında bazı inflamatuvar proteinleri 
(galektin-3, katepsin-D ve kitotriozidaz) tanısal belirteç olarak araştırmayı ve bu proteinlerin 
düzeylerini karşılaştırmayı amaçladık.
Yöntem: Mukopolisakaridozlu 25 mukopolisakkaridoz, 16 Gaucher, 5 Niemann Pick A/B hasta-
sı ve 15 sağlıklı kontrolten plazma örnekleri alındı. Tüm denekler 18 yaşın altındaydı. Tüm 
hastalarda kitotriyozidaz enzim aktiviteleri florometrik olarak belirlendi. Kandaki katepsin-D 
ve galektin-3 seviyeleri, ELISA kiti kullanılarak belirlendi.
Bulgular: MPS IV hastalarında kitotriyozidaz enzim aktiviteleri, kontrol grubuna göre istatis-
tiksel olarak daha yüksekti. MPS I, MPS III ve MPS IV hastalarında katepsin-D düzeyleri ve 
MPS I, MPS IV ve MPS VI hastalarında galektin-3 düzeyleri sağlıklı kontrollerle karşılaştırıldı-
ğında daha yüksekti. Gaucher hastalığı ve Niemann Pick A/B hastalarında üç parametrenin 
hepsi kontrollere göre anlamlı olarak artış göstermişti.
Sonuç: MPS I, MPS IV ve MPS VI hastalarında yüksek seviyelerde galektin-3 seviyeleri ve MPS 
I, MPS III ve MPS VI hastalarında artmış kathepsin-D seviyeleri, mukopolisakaridoz patofizyo-
lojisinde inflamatuvar sürecin etkisini desteklemekte, yüksek duyarlılık ve özgünlük ile tanıda 
yeni bir biyolojik belirteç olarak kullanılmayı vadetmektedir. 
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 ıntroductıon 

 Mucopolysaccharidoses (MPS) is a rare group of 
inherited lysosomal storage diseases that are mani-
fested by various clinical signs and symptoms (skele-
tal dysplasia, coarse face, progressive psychomotor 
retardation, cardiac and lung involvement) due to the 
deposition of glycosaminoglycans in tissues (1). They 
are diagnosed by determining the glycosaminogl-
ycans in urine and the depleted enzyme activity in 
DBS (dried blood spot) samples or leucocytes of the 
patients and verified genetic testing. There is an acti-
ve interest in identifying biomarkers that can serve as 
a surrogate for or indicator of disease severity, in 
terms of either overall disease burden or involvement 
of particular system. 
 Chitotriosidase (CHIT) is synthesized by neutrop-
hilic granulocyte progenitors and it has been propo-
sed to be a biochemical marker of macrophage acti-
vation in several lysosomal diseases especially 
Gaucher’s disease and Niemann Pick type A/B (2,3).
 Cathepsin-D (Cat-D) is a lysosomal aspartyl pro-
tease that is composed of two disulfide-linked poly-
peptide chains, both produced from a single protein 
precursor (4). Cat-D has spacious substrate specificity 
at acidic pH which leads to degradation of proteins 
and composition of mature activated peptides in 
endosomes (5). 
 Galectin-3 (Gal-3) is a carbohydrate-binding pro-
tein which mediates cell-cell and cell-extracellular 
matrix (ECM) interactions (6). Gal-3 is not only an 
intracellular protein that can be found both in the 
cytoplasm and nucleus but it is also an extracellular 
protein that can be present on the cell surface or the 
extracellular matrix (7).
 Cluzeau et al investigated a subset of 103 diffe-
rentially expressed genes in Niemann Pick type C1 
patients to identify any potential markers for diagno-
sis and monitoring of treatment of patients, and they 
found an upregulation of expression of serum 
galectin-3 and serum cathepsin-D levels which were 
correlated with neurological disease severity (8). 
Hence, we determined the galectin-3 and cathepsin-D 
levels in patients with mucopolysaccharidosis who 
showed neuorological manifestations characterized 

by microglial activation in animal models. Additionally, 
we aimed to investigate Cat-D, Gal-3 and CHIT 
serum levels in patients with Gaucher and Niemann 
Pick A/B disease to compare with MPS patients.
 The glycosaminoglycans (GAGs) accumulate in 
the lysosomes of bone, cartilage, and ligaments and in 
the extracellular matrix (ECM) in people with MPS. 
Since excess GAG accumulation stimulates metabolic 
inflammation, we aimed to investigate whether 
cathepsin-D (a lysosomal protease), galectin-3 and 
chitotriosidase (marker of macrophage activation) 
could be the novel biomarkers in patients with MPS.

 MaterıalS and MetHodS

 Subjects: To evaluate potential biomarkers for 
mucopolysaccharidosis, this study examined plasma 
samples obtained from 15 healthy controls, and 46 
patients (Gaucher Disease, n=16; Niemann Pick A/B, 
n=5; MPS I, n=4; MPS II, n=3; MPS III (n=4), MPS 
IVA, n=7 and MPS VI, n=7) not receiving enzyme 
replacement treatment (ERT). All patients had recei-
ved an enzyme-confirmed diagnosis of the indicated 
diseases. The protocol was approved by the Ethical 
Committee of Ege University School of Medicine 
(13-3.1/4, 19.03.2013). Informed consent was obtai-
ned from all participants and/or their parents.
 Inclusion criteria were under aged 18 years, nor-
mal renal function, no clinical or laboratory signs of 
an inflammatory disease, LSD diagnosis verified by 
genetic test and not having been treated with ERT 
within the last 6 months. 
 Blood sampling: 2x2 cc of fasting blood was col-
lected by venous arm puncture under aseptic conditi-
ons into EDTA-tubes. Plasma was obtained by cent-
rifugation at 2 000 g for 5 min. Plasma was kept at 
-20°C until the day of analysis.
 Determination of Cathepsin-D levels: According 
to the manufacturer’s instructions, sandwich enzyme-
linked immunosorbent assay (ELISA) was used for 
the measurement of plasma cathepsin-D levels 
(Human Cathepsin-D ELISA kit Boster Immunoleader, 
Pleasanton, CA, Cat. Number: EK0672). Before per-
forming the assay, blood samples were stored at 
2-8°C for 24 hours. Plasma was diluted 10 times with 
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dilution buffer. 
 Determination of Chitotriosidase activities: 
Plasma chitotriosidase (CHIT) activities were deter-
mined fluorometrically by the method of Chamoles 
et al. (9) with sample blank correction. After the addi-
tion of citrate-phosphate buffer (pH 4.4) to the 5 µL 
of the samples, 20 µl of 4-MU-C3 (4-methylumbelliferyl 
β-d-N,N,N’’-triacetylchitotrioside, 19 mmol/L), dis-
tilled water and 20 µl of acetate buffer (0.5 mmol/L, 
pH 5.0) were added to the samples and mixed. The 
samples were incubated for 30 min at 37°C. The reac-
tions were stopped by adding 200 µl of ethylenedia-
mine. All readings (excitation at 365 nm and emissi-
on at 450 nm) were performed on a Modulus microp-
late fluorometer (Turner Biosystems, Sunnyvale, 
USA), and all calculations were performed using a 
calibration curve of 4-methylumbelliferone as the 
calibrator. The samples from a healthy person and a 
confirmed patient were used as positive and negative 
internal quality control in each assay run.
 Determination of Galectin-3 levels: According to 
the manufacturer’s instructions, sandwich enzyme-
linked immunosorbent assay (ELISA) was used for 
the measurement of plasma galectin-3 levels (Human 
Galectin-3 ELISA Kit Aviscera Bioscience, Inc., 
Santa Clara, USA).
 Statistical analysis: All data were evaluated using 
SPSS 22.0 statistics program (version 22.0, IBM, 
Chicago, IL, USA). A one-way ANOVA was perfor-
med to check for significant differences in analytes 
between patients and unaffected control subjects. 
Descriptive statistics were used to see the range of 
the values (maximum-minimum) and means. Mann 
Whitney-u test was used to compare mean activity 
between patients and controls. 

 reSultS

 Table 1 summarizes the demographic information 
for patients and 15 unaffected controls in this biomar-
ker study. The mean ages for controls and total pati-
ents were 13.7±8.06 and 9.22±1.89 years. 
 Table 2 presents the Chitotriosidase activity, 
cathepsin-D and galectin-3 levels. 
 Cathepsin-D levels were significantly higher in 

patients with Gaucher disease (p=0.01), Niemann 
Pick A/B disease (p=0.002), MPS I (p=0.002), MPS 
III (p=0.001) and MPS IVA (p=0.01) versus unaffec-
ted controls. Cathepsin-D levels of patients with 
MPS II (p=0.097) and MPS VI (p=0.078) were also 
higher than the control group without any statistically 
significant difference.
 There were no subjects having zero chitotriosida-
se activity due to genetic deficiency. Plasma chitotri-
osidase activities were statistically significant higher 
in patients with Gaucher Disease (p=0.000) and 
Niemann Pick A/B disease (p=0.000) compared to 
controls. Chitotriosidase activities were not signifi-
cantly different between all of the MPS subjects 
except MPS IVA (p=0.005). 
 Plasma galectin-3 levels were significantly higher 
in patients with Gaucher disease (p=0.014), Niemann 
Pick A/B disease (p=0.008), MPS I (p=0.001), MPS 
IVA (p=0.047) and in patients with MPS VI (p=0.005) 

table 1. the demographic information for patients and unaf-
fected controls.

Subjects

MPS I
MPS II
MPS III
MPS IVA
MPS VI
Gaucher
Niemann Pick 
A/B
Controls

n (Male/
Female)

4 (-/4)
3 (3/-)
4 (1/3)
7 (2/5)
7 (3/4)

16 (4/12)
8 (3/5)

15 (7/8)

age

6,00±3,50
11,00±2,65
10,00±4,32
9,57±5,13
9,57±3,95
18,6±14,2
5,9±3,9

15,13±8,64

Height 
(cm)

81,7±19,5
109,5±19,1
113,0±35,6
92,6±6,3
93,3±9,4

130,6±35,1
119,0±37,0

103,80±24,07

Weight 
(kg)

10,5±6,4
22,7±4,7
29,3±8,1
16,0±3,5
19,2±6,4
37,5±24,5
25,0±19,2

17,30±8,22

table 2. chitotriosidase activities, cathepsin-d and Galectin-3 
levels.

Healthy Control
MPS I
MPS II
MPS III
MPS IV
MPS VI
Gaucher
Niemann Pick A/B

Cathepsin-D
(ng/ml)

167,9±40,7
467,3±377,3*
224,3±51,1
357,5±49,0*
325,9±131,5* 
204,6±56,9

348,5±130,3*
455,4±202,1* 

Data represents mean ± S.D. Comparisons were made versus to 
healthy controls. Mann whitney-u test, *p<0.01, **p<0.05. 

Chitotriosidase
(nmol/ml/h)

65,5±37,4
80,8±46,5
73,4±58,6

150,0±115,2
400,9±299,0*
148,7±207,3

6226,3±4935*
2548±1359*

Galectin-3
(ng/ml)

2474±1095
4946±617*
4220±2486
3760±1437

4018±1752**
4584±1140*

4310±2184**
5026±1874*
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versus the healthy controls. Galectin-3 levels in plas-
ma of patients with MPS II and III did not show any 
significant change when compared to controls. 
 ROC curves and Area Under the Curve (AUC) 
levels within 95% confidence Interval for these para-
meters were presented in Figure 1. Due to the limited 
number of patients in each group, we formed ROC 
curve for Gaucher, Niemann Pick A/B and all MPS 
patients. While AUC levels of all of three parameters 
(Chitotriosidase activity, Cathepsin-D and Galectin 3 
levels) showed high values for Gaucher and Niemann 
Pick A/B disease, AUC levels of galectin-3 and 
cathepsin-D levels were more significant than chitot-
riosidase activity for MPSs. 

 dıScuSSıon

 In this study, we investigated the cathepsin-D, 
galectin-3 levels and chitotriosidase enzyme activity 
as potential biomarkers for mucopolysaccharidosis 
and Gaucher and Niemann Pick A/B disease. We 
observed an increase in galectin-3 levels in patients 
with MPS I, MPS IV, MPS VI and an increase in 
cathepsin-D levels in patients with MPS I, MPS III 
and MPS IV for the first time. Chitotriosidase acti-
vity was elevated only in MPS IV patients. 
 Chitotriosidase produced by activated macropha-

ges is a well-known biomarker in the diagnosis and 
management of patients with Gaucher disease. Our 
data showed that CHIT levels were significantly hig-
her in patients MPS IVA as well as Gaucher and 
Niemann Pick disease. There was no statistically sig-
nificant difference between the controls and other 
mucopolysaccharidosis. Consistent with our findings, 
Isman et al reported no significant change in chitotri-
osidase activity in patients with mucopolysacchari-
dosis (16). However, they found only one of two pati-
ents with MPS IVA had significantly high chitotriosi-
dase activity. Donida et al showed increased plasma 
IL-6 levels of MPS IVA patients compared to cont-
rols and they suggested the presence of a pro-
inflammatory state which was supported by our fin-
dings (17). MPS IVA diagnosis is mostly delayed and 
has some challenges due to the variable severity of 
the clinical presentations, high rate of false negative 
results in urine GAG testing, the presence of other 
diseases (multiple sulfatase deficiency; MSD) and 
mucolipidosis II or III (ML I/III) together with the 
deficiency of GALNS [galactosamine (Nacetyl)-6-
sulfatase] activity (18). Determination of chitotriosida-
se activity, galectin-3 and cathepsin-D levels in addi-
tion to GALNS activity and urine GAG might have 
an diagnostic value in these patients. 
 Although inflammatory nature of Gaucher and 

Figure 1. roc curves and auc levels for Plasma cathepsin-d, Galectin-3 and chitotrosidase. 
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Niemann Pick disease has been clearly recognized 
the inflammatory processes of mucopolysaccaridoses 
have not been clearly defined yet in humans. Some 
authors showed a link between the intralysosomal 
glycosaminoglycan accumulation and inflammatory 
process in animal models of MPS IIIA, MPS VI and 
VII (10,11). Simoaro et al. (11) demonstrated that glyco-
saminoglycan accumulation leads to release of cyto-
kines, chemokines, proteases and nitric oxide from 
lysosomes of mice with MPS VI and VII. Ohmi et al. 
(12) observed microglia activation due to glycosami-
noglycan accumulation in lysosomes in mouse models 
of MPS I and IIIB. Accumulated heparin and heparan 
sulfate in the brain of MPS III mice might either 
directly activate microglia or play a role in activation 
of microglia through stimulating macrophages (10). It 
has been suggested that microglial activation and 
astroglial activation led to macrophage activation 
resulting in the release of chemokines and cytokines, 
which are responsible mediators in neurodegenerati-
ve processes.
 Cathepsin-D is a lysosomal aspartic protease, sec-
reted as procathepsin-D by activated microglia and 
proenzyme has a role in the inflammation mediated 
neurodegeneration (13). Recently Beckman et al. (14) 

showed that GAGs, in particular, heparin stimulated 
both proenzyme and cathepsin-D under in vitro con-
ditions. They speculated that the activation of 
cathepsin-D by glycosaminoglycan was closely rela-
ted to the number of negative charges of molecules 
rather than the specific position of sulphate group in 
the proteoglycan molecule. Consistent with this fin-
ding, we demonstrated elevated levels of cathepsin-D 
in all type of MPS patients, and this elevation was 
more significant in patients with MPS I, MPS III and 
MPS IV characterized by accumulation of heparan 
sulphate and keratan sulphate. Although the activity 
of cathepsin-D in patients with MPS II and MPS VI 
increased, this elevation was not statistically signifi-
cant, and may be due to the limited number of pati-
ents for MPS II (n=3). It remained unclear whether 
the type of proteoglycan has any different effect on 
cathepsin-D production.
 Galectin-3 is a lectin protein, which is released by 
activated macrophages and has both intracellular 

(signalling pathways and modulation of cell migrati-
on) and extracellular functions (cell adhesion, cytoki-
ne production and modulation of receptor function 
(15). Madrigal-Matute et al. (15) showed that galectin-3 
was released by activated monocytes under in vivo 
and in vitro conditions. Gal-3 release increased while 
macrophages were loaded with lipids. In accordance 
with this finding we showed an increase in galectin-3 
levels in patients with Gaucher and Niemann Pick 
disease which was characterized by the accumulation 
of lipid loaded macrophages. Similarly, lysosomes 
loaded by glycosaminoglycan in mucopolysacchari-
dosis might induce expression and release of 
galectin-3. We determined a statistically significant 
increase in Gal-3 levels in patients with MPS I, MPS 
IVA and MPS VI. In the present study the Gal-3 
levels of MPS II (n=3) and MPS III (n=4) patients 
were about two fold higher compared to the controls, 
however the elevation in the levels was not statisti-
cally significant, probably due to the limited number 
of patients.
 ROC curves for these proposed markers suppor-
ted the diagnostic efficacy of especially Gal-3 and 
cathepsin-D in cases with mucopolysacharidosis. 
However because of the limited number of patients, 
ROC curves for each disease could not be drawn 
separately. 
 In conclusion, our data suggested galectin-3, 
cathepsin-D and chitotriosidase as new laboratory 
markers for the diagnosis of mucopolysaccharidosis. 
Although the clarification of any possible relations-
hip between the severity of disease and biomarker 
levels and possible effect of treatment need further 
investigations, we propose that the determination of 
galectin-3 levels in MPS I and MPS VI and 
cathepsin-D levels in MPS I, MPS III and MPS IV 
might have predictive value in the diagnosis and also 
be helpful for the management of these diseases.
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