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ABSTRACT

Aim: Cardiovascular involvement is common in patients with mucopolysaccharidoses (MPS). In this study, we investigated the effects of 
the markers involved in vascular endothelial injury pathogenesis [transforming growth factor β- (TGF-β)], interleukin-6 (IL-6), IL-10, high 
sensitive-C reactive protein (hs-CRP), vascular endothelial growth factor (VEGF), N-terminal pro-Natriuretic peptide (NT-proBNP) and the 
clinical, laboratory and echocardiographic findings of the patients.

Materials and Methods: A total of 37 patients (5 MPS I, 4 MPS II, 2 MPS IIIa, 4 MPS IIIb, 14 MPS IVa, 8 MPS VI) and 32 controls with similar age 
and sex were included in the study.

Results: Corneal clouding was seen in 29 (78%) patients. There were 23 (62%) patients with organomegaly, and 28 (75%) patients with 
hearing loss. When the groups were compared in terms of NT-proBNP, hs-CRP, TGF-β, IL-6, IL-10 and VEGF levels, there was a statistically 
significant increase in the patient group for NT-proBNP and VEGF (p=0.04, p=0.03, respectively). The carotid intima media thickness was 
statistically significantly higher in the patient group (p<0.001). The left ventricular diastolic diameter was significantly higher in the patient 
group (p=0.009), intraventricular septum thickness was significantly higher in the patient group (p<0.001). The E/A ratio was significantly 
lower in the patient group (p<0.001).

Conclusion: Cardiac involvement in MPS patients is a major cause of mortality and morbidity. It is thought that cytokines, proinflammatory 
markers are elevated in patients with vascular damage like other lysosomal diseases. There is a need for further studies to determine 
biomarkers for vascular involvement.
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Introduction 
Mucopolysaccharidoses (MPS) are lysosomal storage 

disorders that occur when there is a deficiency of the enzymes 
responsible for the catabolism of glycosaminoglycans 
(GAG). Clinical symptoms develop as a result of the 
deposition of non-degraded GAGs in certain organs, as well 
as in all tissues. In total, seven types of MPS (I, II, III, IVA, VI, 
VII and IX) have been defined, relating to 11 different enzyme 
deficiencies. Its incidence is known to be 2-5 per 100.000 
live births (1-3).

Cardiac pathologies may develop as a result of GAG 
deposition in the myocardium, cardiac valves and the 
myointima of the coronary arteries (4,5). Severe valvular 
stenosis or failure may also occur due to the thickening 
and calcification of the mitral and aortic valves (4,5). 
Cardiac involvement is more severe and occurs in the 
earlier stages of the disease in patients with Type I MPS 
and is a significant cause of mortality and morbidity in MPS 
patients. Histopathological investigations have identified 
GAG depositions in the cardiac valves, endocardium and 
myocardial coronary artery, and also in the aorta and 
conductive systems of MPS patients (6,7). Heparan-, 
dermatan-, chondroitin- and keratan-sulfate based GAGs 
are found naturally in the structure of cardiac valves and 
in the giant vessels, although among these, dermatan-
sulfate is the most common, meaning that cardiac valve 
involvement is common in patients with Type I, II and VI MPS 
(8). Cardiovascular involvement is common among MPS 
patients. While it may occur with all types of MPS, it more 
commonly accompanies and occurs in the earlier stages 
of the disease in MPS I, II and VI. That said, there is only 
limited data on the frequency of cardiac involvement in MPS 
VII, as MPS VII itself is a very rare condition (9,10). Cardiac 
involvement may be seen in the form of cardiac valve 
thickening, left ventricular hypertrophy, coronary artery 
disease, rhythm disorders or other vascular involvements 
(11).

There is an increasing need to develop novel non-
invasive means of predicting potential cardiovascular side 
effects. Several studies have identified a correlation between 
peripheral vascular endothelial dysfunction and coronary 
endothelial dysfunction, and the measurement of carotid 
artery thickness (C-IMT) is a useful method for the evaluation 
of peripheral vascular endothelium. In a study investigating 
the relationship between GAG metabolism disturbances 
and atherosclerosis, a complex process led by proteoglycans 
and involving a GAG metabolism was reported to have 
resulted in atherosclerosis and endothelial dysfunction (12). 
In the literature, histopathological similarities have been 
reported between the coronary artery lesions detected in 
an MPS I patient and the atherosclerotic changes observed 
in adults (13). An autopsy sampling of that patient showed 
that negative-loaded GAGs caused the activation of TGF-β 

in the extracellular matrix of the myocardium, which may 
have led eventually to hypertrophic cardiomyopathy (14).

The present study makes a comprehensive evaluation 
of cardiac function and vascular endothelial involvement 
in patients followed-up with a diagnosis of MPS. To this 
end, we measured the levels of the markers; transforming 
growth factor β (TGF β), interleukin-6 (IL-6), IL-10, high 
sensitive C-reactive protein (hs-CRP), vascular endothelial 
growth factor (VEGF), N-terminal-pro-Natriuretic peptide 
(NT-proBNP), involved in the pathogenesis of vascular 
endothelial damage, and investigated potential correlations 
between these levels and the clinical and laboratory findings 
of MPS patients, as well as obtaining information about 
peripheral vascular involvement based on C-IMT thickness 
and biochemical markers. The information collected in this 
study may provide clinicians with more treatment options 
for MPS patients, and the markers may also have potential 
for use during the follow-up of MPS patients.

Materials and Method
The study included MPS patients followed-up by the 

pediatric metabolism and nutrition outpatient clinics, 
and who also provided consent for participation in the 
study. The clinical and laboratory findings of the patients 
were retrieved from their medical records, while ECG and 
echocardiographs, as well as C-IMT measurements, were 
obtained as a routine part of patient follow-up in outpatient 
clinics. Data was collected retrospectively from medical 
records. Age- and gender-matched healthy individuals 
without any known chronic disorders were included in the 
study as a control group after providing informed consent 
for participation. C-IMT measurements of the controls were 
obtained. All blood samples were centrifuged and stored 
at -20 °C. TGF-β, IL-6, IL-10, hs-CRP, VEGF, and NT-proBNP 
levels were measured in these blood samples using ELISA 
kits.

A complete echocardiography evaluation by a padiatric 
cardiologist who was blinded to the diagnoses was 
performed in all patients with a two-dimensional M-Mode 
and Doppler Echocardiogram using a Vivid 9 system (GE 
Vinmed, Horten, Norway) M5Sc and 11L transducer. All 
patients were kept in a left decubitis position during 
examination and the measurements were made using 
techniques according to the recommendations of the 
American Society of Echocardiography (15). High-resolution 
B-mode ultrasonography was performed in all patients 
on the right carotid artery and C-IMT was calculated by 
taking the mean of three measurements. The details of the 
measurements were given in a previous study (16,17).

The study was approved (approval number: 14-3.1/1 
4.4.2014) by the Ethics Committee of Ege University Faculty 
of Medicine and was supported by Ege University Scientific 
Research Projects Coordination, İzmir, Turkey.
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Statistical Analysis

SPSS 22.0 for Windows was used for the statistical 
analysis. Qualitative data are presented as counts and 
percentages. Quantitative data were given as mean ± 
standard deviation for normally distributed data or 
otherwise median and range. Student’s t-test was used to 
compare the differences between the patient and control 
groups for normally distributed data. Mann-Whitney U 
test was used for non-parametric parameters. For all 
comparisons, p values lower than 0.05 were considered 
statistically significant.

Results
A total of 37 patients diagnosed with MPS were included 

in the study. The mean age of the patient group was 
11.3±6.2 years (2.5-35 years), while the mean age of the 
healthy control group was 12.3±6.0 (3-36 years) years 
which consisted of 32 participants. The MPS patient group 
comprised 18 (48%) females and 19 (52%) males, while 
the healthy control group comprised 16 (50%) female 
and 16 (50%) male participants. The characteristics of the 
patients with MPS are detailed in Table I. The age and gender 
distribution within the two groups were not significantly 
different.

The study included a total of 37 patients diagnosed 
with MPS (5 MPS I, 4 MPS II, 2 MPS IIIa, 4 MPS IIIb, 14 MPS 
IVa, 8 MPS VI) and 32 age- and gender-matched healthy 
controls. The majority of patients included in the study 
had been diagnosed with MPS IVa. Disease-related enzyme 
levels decreased, and urinary GAG excretion increased in all 
patients, and all patients had dysostosis multiplex findings. 
Corneal clouding was noted in 29 patients, and two patients 
received corneal transplants. In total, 23 (62%) patients had 
organomegaly and 28 (75%) patients had hearing loss. The 
systemic involvement of the patients with MPS is given in 
Figure 1. The most common location of cardiac involvement 
was the mitral valve in cases of single valve involvement. 
Simultaneous involvement of the mitral and aortic valves 
was present in 15 (47%) patients and was most often 

seen as the co-involvement of the mitral and aortic valves 
(Figure 2). Echocardiographic investigations revealed normal 
findings in four patients, three of which had been diagnosed 
with MPS IA. Furthermore, four patients had increased left 
ventricular wall thickness and left ventricular dysfunction; 
and one patient experienced a marked pulmonary gradient 
increase and an enlargement of the right cardiac structure.

In the patient group, the median NT-proBNP level was 
44.4 (range: 17.6-495) pg/mL, the median VEGF level was 
518.5 (range: 95-6359) ng/L. In the healthy control group, 
the median NT-proBNP level was 29.2 (range: 19.6-81.53) 
pg/mL, the median VEGF level was 235.0 (range: 90.0-
1796) ng/L. When the NT-proBNP, hs-CRP, TGF-β, IL-6, IL-10 
and VEGF levels were compared between the two groups, 
significant elevations were noted for NT-proBNP and VEGF 
in the patient group when compared to the healthy controls 
(p=0.04, p=0.03, respectively) (Table II). Cytokine levels of 
the patients and control group are given in Table I.

The patients were further classified into two groups, 
group 2 [(MPS I, II, IV and VI (n=29)], which underwent 
enzyme therapy and group 1, which underwent no enzyme 
therapy [(MPS IVA-2 patient-pre-treatment and diagnosed 
with MPS III (n=6)]. NT-proBNP, hs-CRP, TGF-β, IL-6, and 
IL-10 levels were not found to be significantly different 
between the patients who were receiving enzyme therapy 
and those who were not (Table III).

Canda et al. 
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Table I. Characteristics of the patients with mucopolysaccharidosis

MPS type Number Gender, (M/F) Age (years), (min-
max)

Age at diagnosis (years), (min-
max)

Alive / treatment with ERT

I 5 2/3 8.7±5.8 (2.5-16.5) 4.2±6.0 (0.9-15) 4/4

II 4 4/- 8.6±4.2 (4-13.5) 3.1±1.7 (1.0-5.0) 3/3

IIIa 2 2/- 9 and 12.5 2 and 4 -

IIIb 4 2/2 13.7±1.8 (12-16) 6.0±2.0 (3-7) 1/-

IV 14 6/8 12.1±8.4 (4.3-35) 7.6±8.5 (0.5-32) 12/11

VI 8 4/4 11.8±4.4 (6.5-17) 5.1 (2.2) 2.5-9.0 7/7

M: Male, F: Female, min: Minimum, max: Maximum, ERT: Enzyme replacement therapy, MPS: Mucopolysaccharidosis

Figure 1. Clinical findings of the patients



124

The carotid intima media thickness was significantly 
higher in the patient group when compared to the controls 
(p<0.001) (Figure 3), and the left ventricular diastolic 

diameter was also significantly higher in the patient 
group (p=0.09). Intraventricular septum thickness was 
significantly higher in the patient group (p<0.001). The E/A 
ratio was significantly lower in the patient group (p<0.001). 
The right ventricular end-diastolic diameter (RVd) was also 
higher in the patient group than in the controls, although 
not to a statistically significant degree (p=0.05). The right 
ventricular end-systolic diameter was significantly higher 
in the patient group (p<0.001). The echocardiographic 
evaluations results of the patients are given in Table IV.

Discussion
In our study, we evaluated proinflammatory cytokine 

levels in different types of MPS and compared with healthy 
controls. Progressive valvular involvement is the most 
common cardiac pathology among MPS patients (60-90%) 
(14), and dysfunction due to the thickening of the cardiac 
valves has been reported previously in 80% of MPS I 
patients by Pastores et al. (18), and in 57% of MPS II patients 
(19). Several studies have shown that the mitral valve was 
the most commonly involved valve, and valve deficiency 
was more common than obstruction (4). In their study of 
MPS Type VI patients, Azevedo et al. (20) reported that 
the mitral valve was the most common location of cardiac 
involvement, with mitral failure noted in more than 95% of 
their patients. The mitral valve was also the most commonly 
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Figure 2. Valvular involvement of the patients

Table II. Cytokine levels of the patient and control group

Patients median (range) Control median (range) p value

NT-proBNP (pg/mL) 44.4 (17.6-495.0) 29.2 (19.6-81.53) 0.04

Hs-CRP (mg/L) 7.0 (2.6-75) 4.8 (2.5-26.6) 0.37

TGF-β (ng/mL) 160.6 (76-2079.0) 109.0 (78.6-480.3) 0.65

IL-6 (ng/L) 85.8 (41.0-995.0) 72.5 (45.7-237) 0.66

VEGF (ng/L) 518.5 (95-6359) 235.0 (90.0-1796.0) 0.03

IL-10 (pg/mL) 340.5 (91-3435) 203.5 (111.0-881.0) 0.45

NT-proBNP: N-terminal pro-natriuretic peptide, hs-CRP: High sensitive C-reactive protein, TGF-β: Transforming growth factor-β, IL: Interleukin, VEGF: Vascular 
endothelial growth factor

Table III. Cytokine levels of the treated and untreated patients

Untreated patients median (range) Treated patients median (range) p value

Number of Patients 8 29 -

NT-proBNP (pg/mL) 42.8 (91-3435) 44.4 (17-495) 0.8

Hs-CRP (mg/L) 5.3 (2.9-53) 7.3 (2.6-75) 1

TGF-β (ng/mL) 155 (86.8-866.0) 162.1 (76.8-2079) 0.8

IL-6 (ng/L) 77.6 (54.2-494.7) 89.1 (41.0-995.0) 1

VEGF (ng/L) 633.5 (116-4699) 467.0 (95-6359) 0.7

IL-10 (pg/mL) 253.5 (151-1461) 354.5 (91-3435) 0.9

NT-proBNP: N-terminal pro-natriuretic peptide, hs-CRP: High sensitive C reactive protein, TGF-β: Transforming growth factor-β, IL: Interleukin, VEGF: Vascular 
endothelial growth factor
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involved valve in the present study. While 15 patients had 
mitral and aortic valve involvement, four had increased 
left ventricular size and dysfunction, and one patient had 
a marked pulmonary gradient increase and enlarged right 
cardiac structures.

C-IMT is a useful method for the evaluation of 
peripheral vascular endothelium. In another study, Wang 
et al. (21) compared the C-IMT of MPS patients and healthy 
controls, evaluating 16 MPS patients based on neck C-IMT 
measurements and echocardiographic evaluations. The 
widths of the left main coronary left anterior descending 
and right coronary artery were not significantly different 
when compared to the control group, although mitral valve 
and aortic failure, as well as left ventricular dilatation, 
were found to be significantly more common in the MPS 
patients than in the control group. C-IMT levels were also 
elevated in MPS patients compared to the controls. The 
authors underlined the need for future studies investigating 
the correlation between C-IMT and arterial elasticity, and 
potential biomarkers for vascular dysfunction (12). In the 
present study, the C-IMT levels in the patient group were 
significantly higher than in the healthy controls.

In the literature, histopathological similarities have 
been reported between the coronary artery lesions 
detected in a MPS I patient and the atherosclerotic 
changes observed in adults. An autopsy sampling of 
that patient showed that negative-loaded GAGs caused 
the activation of TGF-β in the extracellular matrix of 
the myocardium, which may have led eventually to 
hypertrophic cardiomyopathy (13). In a study carried out by 
Yano et al. (22) on an autopsy specimen of a deceased MPS 
I patient, “phosphorylated Smad 2” immunofluorescent 
staining revealed a significant signal increase in the 
vascular wall and the myocardium when compared to 
the control samples. This supports the increased TGF-β 
signal (22). In another study investigating the relationship 
between TGF-β and arterial pathology in MPS I animal 
models, immunohistochemically investigations of the 
sclerotic vessels showed TGF-β positivity and an increase 
in fibronectin (23). According the literature findings, we 
expected to find a difference between the groups for TGF-β 
levels, but we could not find any significant difference for 
TGF-β levels between the groups. However, the levels 
were higher in the patient group. With the investigation 
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Figure 3. C-IMT levels of the patients and control groups
C-IMT: Carotid artery thickness

Table IV. Cardiac evaluation of the patients with echocardiography

Patients mean (min-max) Control mean (min-max) p value

Heart rate (minimum) 109.6±19.4 (75-163) 81±9.7 (65-105) <0.001

LVDd 32.7±5.58 (23.1-44.0) 29.6±2.91 (23.7-37.8) 0.009

LVDs 19.1±5.4 (12.1-31.8) 18.8±2.09 (14.5-22.6) 0.7

RVDd 18.5±4.1 (6.5-24.5) 16.9±1.3 (15-20) 0.05

RVDs 13.6±2.6 (9.5-19.6) 11.1±1.8 (7.8-15.6) <0.001

IVSDd 6.7±2.3 (4.2-16.5) 3.7±0.5 (2.9-5) <0.001

E/A ratio 1.1±0.3 0.6-2.1) 1.5±0.1 (1.2-2) <0.001

Min: Minimum, Max: Maximum, LVDd: Left ventricular diameter in diastole, LVDs: Left ventricular diameter in systole, RVDd: Right ventricular diameter in diastole, RVDs: 
Right ventricular diameter in systole, IVSDd: Intraventricular diameter in diastole
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of a larger number of patients, we think that a significant 
difference may be detected.

VEGF is a family of multifunctional growth factors that 
may have specific effects particularly on the endothelial 
cells. The family has six sub-members that play roles in the 
proliferation, migration and differentiation of endothelial 
cells. The expression of VEGF increases following hypoxia 
associated with an obstruction of the cardiac vessels 
(24). The relationship between VEGF and obstructions of 
the coronary or peripheral arteries has to date not been 
investigated specifically in MPS patients. An earlier study 
investigated the role of VEGF in fabry disease, which is 
another lysosomal storage disorder, and VEGF levels were 
found to be elevated in patients with fabry disease. Based 
on their results, the authors of the study underlined that 
VEGF may be developed as a response to vascular damage in 
lysosomal diseases (25). There have been no studies to date 
investigating VEGF levels in MPS patients. In the present 
study, we found that VEGF levels were significantly elevated 
in patients diagnosed with MPS.

Proinflammatory cytokines IL-6 and hs-CRP play a role 
in atherosclerotic plaque destabilization (26). A study 
involving 279 patients with atherosclerosis showed that 
hs-CRP, IL-6 and IL-10 were associated with C-IMT levels 
in atherosclerosis, and C-IMT and NT-proBNP were also 
associated with sudden cardiac events (27). In a study 
performed by Krecki et al. (28), hs-CRP and NT-proBNP 
levels were found to rise in proportion to the severity of 
the disease in patients with coronary artery atherosclerosis. 
Donida et al. (29) investigated oxidative stress and 
inflammation markers in 17 patients with MPS Type IVA who 
were undergoing enzyme replacement therapy and found 
that IL-6 levels were higher in the MPS IVA patients than in 
the healthy controls. In our study, we detected a statistical 
difference between groups for NT-proBNP levels. The levels 
of hs-CRP, IL-6 and IL-10 were all higher in MPS patients than 
in the control group but there was no difference between 
groups.

The levels of the biomarkers investigated in this study 
were found to be elevated in MPS patients. Only NT-proBNP 
and VEGF levels were statistically different. C-IMT was 
also significantly elevated. These findings could be due 
to the inflammatory processes atherosclerosis developed 
in MPS patients. To the best of our knowledge, cytokines 
and proinflammatory markers have not been evaluated 
together in different types of MPS patients. 

Conclusion
Cardiovascular involvement is a significant cause of 

mortality and morbidity in MPS patients. As is the case with 
other lysosomal diseases, MPS patients can be expected 
to have increased levels of cytokines and proinflammatory 
markers associated with vascular damage. The levels 

of biomarkers investigated in the present study were 
found to be elevated in MPS patients. Additional studies 
are required to investigate the potential use of markers 
of vascular involvement during the follow-up of MPS 
patients. In line with the earlier studies with similar 
findings, new treatment options need to be considered 
that suppress the inflammatory process induced by 
deposition. 
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