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Abstract

The mucopolysaccharidoses (MPS) are a heterogeneous group of inborn errors of metabolism with an increased deposition of glycosaminoglycans in lysosomes (GAGs).
In MPS, GAG leads to inflammatory pathway activation. In MPS models, studies have shown that accumulation of glycosaminoglycans in lysosomes causes activation
of oxidative stress, and then apoptosis is triggered. In this study, the aim was to show whether GAG deposition could trigger the inflammatory processes via cytokines.
Forty-three MPS patients as patient group and 29 healthy children as control group were included in the study. Samples were taken before and after ERT from 8 MPS pa-
tients. 15 patients were treated with enzyme replacement and 28 patients could not be treated with the enzyme. Tumor necrosis alpha (TNF-a), interleukin 1-beta (IL-1f),
interleukin 6 (IL-6) levels were studied by ELISA method. When cytokine levels of MPS patients and control groups were compared, cytokines were found to significantly
increased (p<0.05) in MPS patients. Pretreatment IL-6 and posttreatment IL-6 and IL-1p levels of patients treated with enzyme replacement therapy (ERT) were found
near to control group. Pre-treatment and post-treatment TNF-a levels were found significantly higher in MPS patients than the control group that was significantly higher
in the post-treatment group. In the MPS group of ERT treatment, IL-1p and TNF-a levels decreased significantly after ERT(p<0.05). MPS patients had higher levels of
IL-6 and TNF-a levels than the control group that revealed inflammatory pathway activation in MPS patients. The inflammatory process is prominent in MPS patients
that GAG deposition leads to increase pro-inflammatory cytokines and oxidative stress. Although enzyme replacement therapy reduces glycosaminoglycan accumulation
by preventing cytokine production, it might be more effective when given with antiinfllammatory mediators.
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Introduction Inflammation is one of the mechanisms in the pathogenesis of

MPS. GAG deposition initiates an inflammatory response through

Mucopolysaccharidosis (MPS) is a group of lysosomal storage
diseases caused by deficiencies in enzymes in the catabolism of
glycosaminoglycans (GAG) [1,2]. Excessive accumulation of
unmetabolized GAGs leads to intralysosomal GAG deposition and
then progressive damage of cells and tissues [2-4].

MPS can be divided into MPS 1, II, III, IV, VI, VII, and IX. The
clinical phenotype is characterized by somatic manifestations with
respiratory and cardiovascular dysfunction, hepatosplenomegaly,
corneal clouding, hearing dysfunction, skeletal deformities,
and neurologic manifestations with learning difficulties, mental
retardation, aggressiveness, and hyperactivity [5-8].

*Corresponding Author: Asli Inci, Gazi University School of Medicine, Division
of Pediatric Metabolism and Nutrition, Ankara, Turkey
E-mail: aslid.inci@gmail.com

activation of some pathways especially the toll-like receptor
-4 (TLR-4) pathway and some oxidative damages through the
reactive oxygen species. Unfortunately, inflammatory response
progressively increases in parallel with the GAG deposition in
lysosomes [9]. Simonaro et al recently showed that GAG deposition
induced some inflammatory events through the activation of the
TLR-4 signaling pathway leading to apoptosis in cartilages and
hyperplasia in synovial membranes [10-12]. TLR-4 signaling is
thought to be induced by either LPS, classical pathway, or by the
breakdown of extracellular matrixes [13-16]. Simanora et al also
suggested that TLR-4 pathway activation leads to proinflammatory
process activation via some molecules. Tumor necrosis factor-
alpha (TNF-a) was suggested as the major cytokine playing a
major role in MPS pathology and found in increased levels in the
circulation and within the tissues of MPS animal models [12].

Nowadays, the enzyme replacement therapy (ERT) is available for
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five MPS disorders (MPS 1, II, IV-A, VI, VII). ERT is effective
by preventing the accumulation of undegraded substrates,
glycosaminoglycans if ERT is initiated as early as possible, some
clinical improvements have been observed in patients especially
[17-19].

Considering elevated cytokine levels due to GAG deposition in
animal models of MPSs, this study aimed to evaluate inflammatory
cytokine levels primarily TNF-a, interleukin 1 beta (IL-1B), and
interleukin 6 (IL-6) in MPS patients and enzyme replacement
therapy effect on cytokines levels in MPS patients.

Materials and Methods

Participants

MPS patients as patient group and healthy volunteers as control
group were evaluated for the effect of cytokines. For that reason,
blood samples of volunteers were obtained after informed consent
was taken from families and patients. Forthy-three MPS patients
and 29 healthy volunteers were included in the study. Fifteen
patients (MPS I, II, IV-A, VI and VII) were given ERT. Blood
samples from 15 MPS patients were taken before and after enzyme
replacement therapy. Twenty-eight patients could not be treated
with ERT; 27 patients were MPS III and one patient was MPS 11
with severe mental retardation that enzyme replacement therapy
could not be started. Diagnosis of MPS was confirmed either by
specific enzyme levels or molecular analysis. Exclusion criteria
were infection in any part of the body and concomitant other
chronic diseases that could cause increased levels of cytokines in
both MPS patients and the control group. Objects with infection
and/or other chronic diseases were not included in the study. MPS
types was shown in Table 1.

Sample collection and preparation

Blood samples were obtained from patients either immediately
before the session of ERT and 4 hours after ERT in MPS patients
treated with ERT or any time from non-ERT treated MPS patients
or the control group. Samples were centrifugated for 20 min at
the speed of 2000-3000 r.p.m and supernatant were removed then
serums were stored at—80 °C until analysis.

Plasmatic proinflammatory cytokines (TNFa, IL-1p, IL-6 )

Plasma TNFa, IL-1B, IL-6 were measured by commercial kit
Human ELISA IL-6, IL-1 B, and TNF-a PicoKine (Boster/USA).
The results were expressed as pg/mL.

Statistical analysis
Statistical analyses were performed with IBM SPSS 23.0. While
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evaluating the study data, Chi-Square (c2) statistical method was
chosen to compare descriptive statistical methods. The suitability
of the data was evaluated by Kolmogorov-Smirnow and Shapiro-
Wilk tests for the normality. In the study, Independent Samples
t-Test to compare the normal distribution data between groups,
and for non-normally distributed data in intergroup comparison
Mann-Whitney U test were used. The paired samples t-test for
normally distributed datas was the statistical method that was used
on the other hand, for non normal distribution of datas, Wilcoxon
test was used as statistical methods. ROC curve (Receiver
Operating Characteristic) method was used to determine the
discrimination of variables. For multivariate analysis, the factors
were further analysed with the logistic regression analysis.
Hosmer-Lemeshow goodness of fit statistical analysis was used
to assess the model fitness. A p-value of less than 0.05 was
accepted as significant.

Results

The ages of MPS patients ranged between 18-204 months (88.9+
48.2 months mean + standard deviation). Ages in the control group
ranged between 29-186 months (91.37+42.47 mean + standard
deviation). There were no statistically significant differences in
ages between MPS patients and the control group. Body mass
indexes (BMI) were calculated and found that the BMI of MPS
patients was 17.52+4.83kgr/m? and the BMI of the control group
was 17.31+£2.86 kg/m? (Suppl File 1).

Comparison of proinflammatory cytokines in MPS and control
group

All studied pro-inflammatory cytokines (IL-6, IL-1p TNF-a) were
significantly higher in patients with MPS compared to healthy
individuals (p=0.000, p=0.005, p=0.000). Although it was observed
that all cytokines were increased in untreated MPS patients, we
only found significant differences in IL-6 levels when compared
to ERT treated MPS patients (IL-6, p=0.001, IL-1p=0.858, TNF-a
p=0.067) (Table 1).

Comparison of proinflammatory cytokines in ERT treated
MPS patients with pretreatment sample and control group

All cytokines were higher in patients under ERT than in the
control group. It was found that IL-6 levels had no statistically
significant results between patients under ERT and the control
group (p=0.496). IL-1p and TNF-a levels were significantly higher
in patients under treatment compared to normal controls ( IL-1p
p=0.025, TNF-a p=0.000) (Table 2).

Tablel. Comparison of cytokines between MPS patients and control group [Median (IQR)]

Patient (n=43)

Age (months) 80.0 (48.0-127.0)

IL-6 pg/ml 30.1(23.9-33.4)
IL-1 pg/ml 160.5 (151.6-177.1)
TNF-a pg/ml 69.7 (47.9-90.4)

Control (n=29) P*
79.0 (57.5-132.5) 0.688
21.1(14.2-27.6) 0.000
152.4 (141.1-163.4) 0.005
26.7 (18.9-41.9) 0.000

*: Mann-Whitney U Test  N: Number, p <0.05 is significant
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Table2. Comparison of Pre-Post Treatment Values of ERT Patients and Control Group Values in MPS Patient Group [Median (IQR)]

With ERT (n=15) Control (n=29) p*
IL-6 pg/ml 20.0 (14.8 - 23.5) 21.1 (14.2-27.6) 0.911
Pre
Treatment IL-1 pg/ml 162.7 (154.9-173.4) 152.4 (141.1-163.4) 0.007
TNF-a pg/ml 67.0 (45.3-79.3) 26.7 (18.9-41.9) 0.000
IL-6 pg/ml 17.9 (13.6-27.8) 21.1 (14.2-27.6) 0.814
Post IL-1 pg/ml 147.1 (128.2-157.9 152.4 (141.1-163.4 0.250
Treatment -l pg/m 1(128.2-157.9) 4(141.1-163.4) :
TNF-a pg/ml 50.2 (40.9-56.7) 26.7 (18.9-41.9) 0.000

*: Mann-Whitney U Test
N: Number, ERT: Enzyme repalcement theraphy, p <0.05 is significant,

Comparison of proinflammatory cytokines in ERT treated
MPS patients with posttreatment sample and control group

TNF-a was higher in MPS patients whose samples were taken
after ERT when compared to the control group with a significant
difference (p=0.000), The levels of IL-6 and IL-13 were decreased
after ERT and there were no significant differences between
patients whose samples were obtained after ERT and normal
controls (IL- 6 p=0.814, IL-1B p=0.250) (Table 2).

Comparison of proinflammatory cytokines in ERT treated and
untreated MPS patients.

We investigated the proinflammatory cytokines before ERT, and
after ERT. All biomarkers tended to be higher before ERT and
decreased after ERT. Although IL-1B and TNF-a levels were
statistically significant between groups, there was no statistical
significance in terms of IL-6 levels between ERT treated and

untreated group (for IL-1B p=0.005, IL-6 p=0.281, TNF-a
p=0.023) (Table 3).

Comparison of proinflammatory cytokines in pre-treatment
and post-treatment MPS patients.

The proinflammatory cytokine levels were investigated, it was
found that IL-1B and TNF-a levels were significantly decreased
after ERT (IL-1B p=0.005, TNF-a p=0.023). There was no
significant decrease in IL-6 after ERT (p=0.281) (Table 4).

ROC analysis showing the specificity and sensitivity of the
cytokines

It was found that all cytokines had higher sensitivity for MPS
patients (Figure 1, Supplemental File 2) although IL-6 and TNF-a
had higher specificity for patients with ERT treated and untreated
group (Table 5).

Table 3. Comparison of cytokines between MPS patients treated with ERT and MPS patients who did not take ERT. [Median (IQR)]

With ERT (n=15) Without ERT (n=28) p*
1L-6 pg/ml 20.0 (14.8-23.5) 32.7 (29.0-33.9) 0.001
1L-1 pg/ml 162.7 (154.9-173.4) 159.8 (149.9-196.3) 0.858
TNF-o0 pg/ml 67.0 (45.3-79.3) 77.3 (55.3-146.4) 0.067
*: Mann-Whitney U Test
N: Number, ERT: Enzyme repalcement theraphy, p <0.05 is significant
Table 4. Intra-Post Comparison of ERT Recipients in the MPS Patient Group [Median (IQR)]
With ERT (n=15)
Pre-Treatment Post-Treatment P*
TL-6 pg/ml 20.0 (14.8-23.5) 21.1 (142.2-27.6) 0.281
IL-1 pg/ml 162.7 (154.9-173.4) 147.1 (128.2-157.9) 0.005
TNF-a pg/ml 67.0 (45.3-79.3) 50.2 (40.9-56.7) 0.023

*: Wilcoxon Signed Ranks Test
N: Number, ERT: Enzyme replacement therapy, p <0.05 is significant
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Table 5. ROC Analysis (ERT treated and untreated)
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AUC Cut Off Sensitivity Specificity +PV -PV ‘i‘:l':i‘li“ %95 CI p*
IL-6 pg/ml 0.814 >26.9 89.3 80.0 89.3 80.0 069  0.637-0.991 0.001
IL-1 pg/ml 0.517 >177.1 32.1 93.3 90.0 424 025  0.334-0.700 0.858
TNF-a pg/ml 0.671 >70.4 60.7 80.0 85.0 522 0.41 0.511-0.832 0.036

*: Roc Curve Analysis

Binary Logistic regression

Logistic regression analysis was performed to investigate the
effects of variables (IL-6, IL-1, and TNF) whose differences were
found to be statistically significant between the MPS patients and

Table 6. Risk factors (Patient-Control))

the control group on the presence of MPS. It has been found that
IL-6 and TNF could be associated with MPS. Accordingly, it was
found that those with high IL-6 could have MPS 1.16 times higher
than those without, and 1.09 times higher than those without TNF
( Table 6).

Cytokines OR (95% CI) p*

IL-6 pg/ml 1.16 (1.03-1.31) 0.012

IL-1 pg/ml 1.03 (0.98-1.08) 0.295
TNF-a pg/ml 1.09 (1.04-1.14) 0.000

*: Binary Logistic Regression (Nagelkerke R2 = 0.707, Hosmer and Lemeshow Test = 0.370)

Discussion

In this study, it was revealed that pro-inflammatory cytokines were
important biomarkers in the follow-up of patients with MPS.

It was found that pro-inflammatory biomarkers, IL-6, IL-1p, TNFa
were significantly higher in patients with MPS compared to those
in normal controls. In MPS, intralysosomal GAG deposition may
lead to Toll-like receptor signaling pathway activation and cause to
release of some inflammatory mediators, cytokines, growth factors,
proteases, and chemokines. Some studies showed increased pro-
inflammatory cytokines such as TNF-a and IL-6 production and
decreased anti-inflammatory cytokines [22,23]. Wang et al reported
that TNF-a production was decreased by suppressing TLR-4
signaling pathways by inhibiting the infiltration of neutrophils
[24]. Tt has been shown that inhibition of TNF-a could reduce
bone complications in models of MPS VII rats [25]. Simonaro et
al reported in some animal models of MPS VI and VII suggesting
that intralysosomal GAG deposition leads some cytokines,
chemokines, oxidative stress mediators to release [12]. Although
GAGs activate TLR-4 pathways and then cytokine expression, they
can also induce cytokines independent from the TLR-4 pathway.
In TLR-4 deficient mice, bone pathology was again observed [25].
In this study, pro-inflammatory cytokines including IL-18, IL-6,
TNF-o were found higher in MPS patients compared to control
groups. Increased concentration of cytokine levels suggests that
GAG accumulation in tissues triggers inflammatory pathways in
MPS patients as it was demonstrated before in animal models
[17,26,27]. Our findings were similar to the studies that revealed
the increase of TNF-q, IL-1p, IL-6 in MPS patients.

Several reports have recently been shown that central nervous
system involvement in some MPS types was also due to cytokine
expression. Ausseil et al. demonstrated that heparan sulfate and
ganglioside accumulation resulted in TLR-4 activation in MPS
mouse models [28]. Villani etal also suggested that the inflammatory
process played a major role in the brain pathology of the MPS
IIIB models. Cytokines and chemokines were released and the
neurodegenerative process was activated [29]. Arfi et al [26] have
demonstrated that a major pathogenetic mechanism underlying
neurodegeneration was inflammation in MPS III-A mice. In this
study, non-treated patients were mostly MPS III and high cytokine
expression in this group might be due to inflammatory pathway
activation in the nervous system.

Simonaro et al showed that the management with ERT in MPS
might lead to decreased TNF-a release [30]. MPS patients under
ERT had higher levels of cytokines than the control group it was
found that IL-6 was mild to moderately increased in patients under
ERT and had a steady-state near to control group. The pre-treatment
samples of ERT had higher levels of proinflammatory cytokines
when compared to the post-treatment group. That result supported
that ERT led to decrease proinflammatory cytokine release mostly
IL-6 [31,32]. In this study, we observed significantly lower levels
of TNF-qa, IL-1pB in the post-treatment group. The explanation
might be that the production of proinflammatory cytokines was
not constant throughout the day and can be influenced by many
factors such as stress that could transiently stimulate cytokine
production again [33,34]. Polgreen et al showed that despite
treatment with either hematopoietic stem cell therapy or ERT or
both MPS I, IT and VI had higher values of TNF-a compared to
the control group. They suggested that higher TNF-a levels were
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correlated with impaired physical examination and pain due to
glycosaminoglycan-induced inflammation [35]. In this study,
IL-6 levels did not decrease as much as others suggesting that
major proinflammatory cytokines playing role in MPS might
be TNF-a and IL-1B. One of the main reasons to investigate the
antiinflammatory role of ERT in this study was the ERT is the only
management in many types of MPS. It was not found any data to
distinguish any effect pre and posttreatment of ERT.

Donika et al. suggested that MPS patients had increased
inflammatory and oxidative stress even under the management of
ERT. They studied only one cytokine that was IL-6 for the marker
of inflammation and found that IL-6 levels were higher in MPS 4-A
patients than in the control group [37]. Fujitsuka et al also studied
proinflammatory cytokines and found that TNF—q, IL-6 and IL-
1B were higher in patients under ERT (Fujitsuka et al). In this
study TNF—a and IL-1p were significantly decreased after ERT. It
suggested that ERT firstly affects TNF—a, and then IL-1p. Besides
this, another explanation might be due to fluctuations of cytokines
throughout the day or the continuation of the pro-inflammatory
process. IL-6 levels might not show significant variations during
the ERT period.

This study showed that in MPS patients proinflammatory
cytokines might reveal the inflammation period continues during
the treatment although ERT is effective management by decreasing
the cytokine levels after ERT.

Currently, there is limiting clinical and observational data about
the inflammatory process of MPS patients under ERT and ERT
effects on altered immune function of the MPS patients. This
study could support that ERT was able to reduce the cytokine
levels involved in the pro-inflammatory pathway and TNF—-a is
the key cytokine in the pathogenesis.Beside, subtype differences
of MPS patients considering enzyme replacement theraphy might
influence the inflammatory pathway. It might be a limitation of the
study. The another limitation of the study was the small number of
the patients included in the study.

Importantly clinical effects of combined treatment with ERT and
anti-TNF-a therapy were significant on MPS patients. Anti TNF—a
drugs could be used to decrease TNF-a levels in circulation,
alleviate the inflammatory process in tissues and prevent the
progression of the disease. Animals treated with anti-TNF-a
drugs had normal levels of TNF-a and they had no joint and bone
symptoms [30]. In a study of MPS VI models, tracheas were
investigated and g-found that rats treated with ERT and anti-TNF-a
drugs had significantly thinner and wider tracheas than rats that
were untreated or treated with only ERT [38]. These results were
attributed to the anti-inflammatory effect of anti TNF- a drugs on
tissues. That anti-inflammatory mediators can regress cytokine
levels in MPS patients together with ERT treatment. In this study,
all cytokines revealed higher specificity for MPS patients, and
TNF- a levels had higher sensitivity for the MPS group.

Conclusion

In conclusion, MPS is an inflammatory disease that GAG
deposition plays a major role in the aggravation of inflammation
and so on TLR-4 pathway activation. GAG deposition alone or
with TLR-4 activation and other inflammatory processes causes
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the activation of cascade proinflammatory mediators. ERT reduces
the cytokine expression in MPS patients. It might be a possible
result that this study might suggest new management strategies in
MPS patients. Further investigations are needed to understand the
pathologic mechanism of inflammatory process in MPS patients.
The understanding of the inflammatory pathway pathogenesis
in MPS may help to add antiinflammatory drugs as a treatment
modality to alleviate the disease together with ERT.

Conflict of interests
The authors declare that they have no competing interests.

Financial Disclosure
All authors declare no financial support.

Ethical approval
The entire study protocol was designed according to the Helsinki Declaration and
approved by the local ethical committee of Gazi University Hospital.

References

1. Wraith JE. The mucopolysaccharidoses: a clinical review and guide to
management. Arch Dis Child,1995;72:263-7.

2. Muenzer J, Wraith JE, L Clarke A. Mucopolysaccharidosis I: management
and treatment guidelines. Pediatrics 2009;123:19-29.

3. Muenzer J. The mucopolysaccharidoses: a heterogeneous group of disorders
with variable pediatric presentations. J Pediatr 2004;144:27-34.

4. Ohmi K, Greenberg DS, Rajavel KS, et al. Activated microglia in cortex
of mouse models of mucopolysaccharidoses I and IIIB. Proc Natl Acad Sci
USA 2003;100:1902—7.

5. Bernsen PL, Wevers RA, Gabreels FJ, et al. Phenotypic expression in
mucopolysaccharidosis VII. J Neurol Neurosurg Psychiatry 1987;50:699—
703.

6.  Cleary MA, Wraith JE. Management of mucopolysaccharidosis type III.
Arch Dis Child 1993; 69:403—6.

7.  Langford-Smith A, Langford-Smith KJ, Jones SA, et al. Female
mucopolysaccharidosis IIIA mice exhibit hyperactivity and a reduced sense
of danger in the open field test. PLoS One 201;6:25717

8. Langford-Smith A, Malinowska M, Langford-Smith KJ, et al.Hyperactive
behaviour in the mouse model of mucopolysaccharidosis II1IB in the open
field and home cage environments. Genes Brain Behav, 2011;10:673-82

9.  Vitner EB, Platt EM,Futerman AH. Common and uncommon pathogenic
cascades in lysosomal storage diseases. J Biol Chem 2010;285:20423-7.

10. Simonaro CM, Haskins ME, Schuchman EH. Articular chondrocytes
from animals with a dermatan sulfate storage disease undergo a high
rate of apoptosis and release nitric oxide and inflammatory cytokines:
A possible mechanism underlying degenerative joint disease in the
mucopolysaccharidoses. Lab Invest 2001;81:1319-28.

11. Simonaro CM, D’Angelo M, Haskins ME, et al. Joint and bone disease
in mucopolysaccharidoses VI and VII: Identification of new therapeutic
targets and biomarkers using animal models. Pediatr Res 2005; 57:701-7.

12.  Simonaro CM, D'Angelo M, He X, et al. Mechanism of glycosaminoglycan-
mediated bone and joint disease: Implications for the mucopolysaccharidoses
and other connective tissue diseases. Am J Pathol 2008;172:112-22.

13. Hoshino K. Cutting edge: Toll-like receptor 4 (TLR4)-deficient mice are
hyporesponsive to lipopolysaccharide: Evidence for TLR4 as the Lps gene
product. J Immunol,1999;162:3749-52.

14. Taylor KR, Yamasaki K , Radek KA, et al. Recognition of hyaluronan
released in sterile injury involves a unique receptor complex dependent on
Toll-like receptor 4, CD44, and MD-2. J Biol Chem 2007;282:18265-75.

15. Xia Y, Yamagata K, Krukoff TL. Differential expression of the CD14/
TLR4 complex and inflammatory signaling molecules following i.c.v.
administration of LPS. Brain Res 2006;1095:85-95.

16. Scherz-Shouval R, Shvets E, Fass E, et al. Reactive oxygen species are
essential for autophagy and specifically regulate the activity of Atg4.
EMBO J 2007;26:1749—-60.

1496



doi

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

: 10.5455/medscience.2021.09.312

Vogler C , Levy B, Galvin NJ, et al. Enzyme replacement in murine
mucopolysaccharidosis type VII: Neuronal and glial response to
B-glucuronidase requires early initiation of enzyme replacement therapy.
Pediatr Res. 1999;45:838-44.

Sly WS. Enzyme replacement therapy for lysosomal storage disorders:
Successful transition from concept to clinical practice. Mol Med.
2004;101:100-04.

Rohrbach M, Clarke JT. Treatment of lysosomal storage disorders: Progress
with enzyme replacement therapy. Drugs. 2007;67:2697-716.

Kumar H, Kawai T, Akira S. Toll-like receptors and innate immunity.
Biochem Biophys Res Commun. 2007;388:621-5.

Yu L, Wang L, Chen S. Endogenous toll-like receptor ligands and their
biological significance. J Cell Mol Med. 2010; 14:2592-603

Fang H, Chen J, Lin S, et al. CD36-mediated hematoma absorption
following intracerebral hemorrhage: negative regulation by TLR4 signaling.
J Immunol. 2014;192:5984-92.

Jacobsen JH, Watkins LR, Hutchinson MR. Discovery of a novel site of
opioid action at the innate immune pattern-recognition receptor TLR4 and
its role in addiction. Int Rev Neurobiol. 2014;118:129-63.

Wang C, Sun H, Song Y,Ma Z, Zhang G, Gu X, et al. Pterostilbene attenuates
inflammation in rat heart subjected to ischemia-reperfusion: role of TLR4/
NF-kappa B signaling pathway. Int J Clin Exp Med. 2015;8:1737-46.

Xing ME, Susan W, Ponder KP. The effect of Tlr4 and/or C3 Deficiency and
of Neonatal Gene Therapy on Skeletal Disease in Mucopolysaccharidosis
VII mice Mol Genet Metab. 2015;114:209-16.

Arfi A, Richard M, Gandolphe C, et al. Neuroinflammatory and oxidative
stress phenomena in MPS IITA mouse model: the positive effect of long-
term aspirin treatment, Mol. Genet. Metab. 2011;103:18-25.

Metcalf AJ, Linders B, Wu S, et al. Up regulation of elastase activity in
aorta in mucopolysaccaridosis I and VII may be due to increased cytokine
expression. Mol Genet Metab. 2010;99:396-407.

Ausseil J, Desmaris N, Bigou S, et al. Early neurodegeneration progresses
independently of microglial activation by heparan sulfate in the brain of
mucopolysaccharidosis I1IB mice. PLoS One. 3,2008;2296.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Med Science 2021;10(4):1492-7

Villani GRD, Gargiulo N, Faraonio R. Cytokines, neurotrophins, and
oxidative stress in brain disease from mucopolysaccharidosis IIIB. J.
Neurosci. Res. 2007;85:612-22

Calogera M, Simonaroa YG, Eliyahu E, et al. Involvement of the Toll-
like receptor 4 pathway and use of TNF-o antagonists for treatment of the
mucopolysaccharidoses. PNAS. 2010;107:222-7

Nakae S, Asano M, Horai R, et al. Interleukin-1f, but not interleukin-
la, is required for Tcell- dependent antibody production. Immunology.
2001;104:402-9.

Cairns CB, Panacek EA, Harken AH, et al. Bench to Bedside Tumor
Necrosis Factor-alpha:From Inflammation to Resuscitation. Acad Emerg
Med. 2000;7:930-41.

Elenkov 1J, Chrousos GP. Stress Hormones, Proinflammatory and
Antiinflammatory Cytokines, and Autoimmunity. Ann N Y Acad Sci. 2002;
966:290-303.

Vgontzas AN, Bixler EO, Lin HM, et al. IL-6 and Its Circadian Secretion in
Humans. Neuroimmunomodulation. 2005;12:131-40.

Polgreen EL, Vehe KR, Rudser K, et al. Elevated TNF-a is associated with
pain and physical disability in mucopolysaccaridosis types LIl and VI. Mol
Genet Metab. 2016;117:427-30

Abhijit RP, Simon AJ, lain AB, et al.Substrate accumulation and
extracellular matrix remodelling promote persistent upper airway disease in
mucopolysaccharidosis patients on enzyme replacement therapy. PloS One
2018 https://doi.org/10.1371/journal.pone.0203216

Bruna D, Desirée PM, Giovana BB, et al . Oxidative stress and inflammation
in mucopolysaccharidosis type IVA patients treated with enzyme
replacement therapy. Biochim Biophysica Acta. 2015;1852:1012-19

Shinhar SY, Zablocki H, Madgy DN. Airway management in
mucopolysaccharide storage disorders. Arch Otolaryngol Head Neck Surg.
2004:130; 233-37.

1497



