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Mucopolysaccharidoses type VI is a rare disorder and establishing the diagnosis requires assays that are
unavailable in a routine care setting. There is an increased risk of considerable diagnostic delay and mis-
sing patients due to incorrect diagnosis. The present study was conducted to determine the socio-demogra-
phic characteristics, clinical manifestations, and anthropometric parameters of patients with MPS type VI.
Patients' enzyme levels and genetic profiles were also examined. The present study included a total of 16
patients who had been diagnosed as MPS type VI and were referred to Hivi Pediatric Hospital in Duhok,
Kurdistan Region, Iraq, till the time period of March 2022. Diagnoses were made in all the patients by
analyzing the enzyme level. Moreover, a genetic study was performed to confirm the diagnosis. From each
of the patients, a blood sample was taken to determine the hematological parameters. Among the study par-
ticipants, 9 were males and 7 were females. The mean age of the patients was 6.81+4.99 years and the age
at diagnosis was 21.13+15.19 months. All of them presented with a course facial features, 75% had short
stature, 87.5% had corneal clouding, 12.5% had glaucoma, 68.75% had poor vision, 18.75% of them had
optic nerve disease, 56.25% had otitis media, 56.25% had poor hearing, 68.75% had a history of recurrent
sinusitis, 50% had an enlarged tongue, and 75% had abnormal teeth. Approximately 56.25% of the patients
presented with sleep apnea, 37.5% had obstructive and restrictive airway disease, none of the patients had
cardiac arrhythmia, 37.5% had cardiomyopathy, 31.25% had abdominal hepatosplenomegaly, 81.25% had
skeletal abnormalities, all of the patients had normal intelligence, 9 (56.25%) had a past medical history of
other systemic illness and 7 (43.75%) had a past history of surgery. Out of the total number of patients, 13
patients had ¢.962T>C (p.(Leu321Pro)) mutation, one patient had ¢.585T>A (p.(ASP195Glu)) mutation, one
patient had c.[S85T>A];[753C>G] (Asp195 Glu];[Tyr251 Ter]), and one patient had c.{288C>A];[962T>C]
(p-[Ser96Arg];[Leu321Pro]) mutations. Due to the rarity in prevalence, early detection of the said disorder
is critical; early treatment may result in improved outcomes, which may have potential significance for
newborn screening.
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Introduction

gnizing them until they are in their adolescent or even
adult years. Most individuals with MPS VI may expe-

Mucopolysaccharidosis type VI (MPS VI), also known
as Maroteaux—Lamy syndrome, is known to be a rare
autosomal recessive metabolic disorder characterized
by lower to lack of activity of the lysosomal enzyme N-
acetylgalactosamine 4-sulfatase (arylsulfatase B; ASB),
which facilitates one of the stages in the degradation of
glycosaminoglycans (GAGs) dermatan sulfate (DS) and
chondroitin 4-sulfate (CS). This causes a gradual amassing
of the said molecules in lysosomes and extracellular ma-
trix, resulting in cell and tissue damage, which culminates
to a sequence of multi-organ dysfunction and significant
clinical symptoms (5).

Patients with the severe stage of the said disease usual-
ly have symptoms well before the age of two or three years
old and have mobility issues by the age of ten and they
usually survive into their second or third decade. Patients
with delayed or slowly advancing disease often display
complications in later stages of life, frequently not reco-

rience severe clinical symptoms at some stage, such as
joint deterioration, heart valve disease, sleep apnea, pul-
monary dysfunction decline or decreased endurance (12).

GAG concentrations in the urine can be used as a scree-
ning method for MPS diseases. Although a positive test
strongly suggests the presence of an MPS, false-negative
outcomes are prevalent (18). Enzyme activity studies
using cultured fibroblasts, leukocytes, plasma, or serum
are the standard method for diagnosing MPS disorders.
When a sulphatase shortage is discovered, the function of
another sulphatase should be evaluated to eliminate the
possibility of numerous sulphatase inadequacies (19). Fol-
lowing a biochemical assessment, gene sequencing can be
used to determine the mutation(s) involved. At-risk family
members can be provided genetic counseling and genetic
carrier analysis if the gene mutation(s) in the MPS patient
are identified, allowing for more conscious family plan-
ning (20).
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Patients with MPS require frequent examinations, sup-
portive therapy, and the support of a diverse clinical team
capable of dealing with a wide range of systemic problems.
For MPS patients with extensive somatic involvement, the
surgical load is generally quite high (21, 22). Patients need
to be observed and managed at a facility that has exper-
tise in treating patients with MPS because of the disorder's
intricacy and scarcity.

The present study was conducted to determine the so-
cio-demographic characteristics, clinical manifestations,
and anthropometric parameters of patients with MPS type
VL. Patients' enzyme levels and genetic profiles were also
examined. Endocrine abnormalities were also studied
from several perspectives.

Materials and Methods

The present study included a total of 16 patients who
had been diagnosed as MPS type VI and were referred to
Hivi Pediatric Hospital in Duhok, Kurdistan Region, Iraq,
till the period of March 2022. Ethical approval for the
study was obtained from the Health Ethics Committee of
the local directorate of health. Diagnoses were made in all
the patients by analyzing the enzyme level. Moreover, a
genetic study was performed to confirm the diagnosis.

All patients’ clinical features were determined, Anthro-
pometric measures were measured; Height was measured
without shoes using a portable stadiometer; weight was
measured in light clothing using a digital Heine portable
scale. The most current anthropometric data from CDC
were used to establish percentiles. For diagnosis, tandem
mass spectrometry using dried blood spot were used to de-
termine enzyme level and genetic study by ARCHIMED
life Laboratories, Vienna, Austria, Europe.

From each of the analyses, a blood sample was taken to
determine the hematological parameters such as TSH, T3,
T4. PTH, Vit D3, Serum Ca, Spo4, Alkaline phospatese,
IGF, ACTH, and Serum cortisol.

Statistical analysis

Data were entered in a Microsoft excel sheet and ana-
lysed by SPSS version 21. Descriptive statistics were
performed to find the mean and standard deviations and
frequency (%). The continuous variables were presented
as mean+SD with minimum and maximum values and
categorical variables were presented as frequency (%).

Results

Demographic and clinical characteristics

Table 1 represents the demographic and clinical cha-
racteristics of the patients. The mean age of the patients
was 6.81+4.99 years (min=3, max=22). The age at diagno-
sis was 21.13£15.19 months (min=0, max=48). The mean
BMI was 18.89+2.47 kg/m2 (min=15.38, max=24.15).
The mean bone age was 4.2242.61 years (min=1.0,
max=12.0). The mean size of the head was 51.56+2.66
(min=44, max=55) (Table 1).

Of the total participants, 9 (56.25%) were males and
7 (43.75%) were females. Nine (56.25%) patients had a
family history of mucopolysaccharidosis type 6. Thirteen
(81.25%) patients had a history of consanguineous mar-
riage. All of them presented with a course facial features,
12 (75%) had short stature, 14 (87.5%) had corneal clou-

ding, 2 (12.5%) had glaucoma, 11 (68.75%) had a poor
vision, 3 (18.75%) of them had optic nerve disease, 9
(56.25%) had otitis media, 9 (56.25%) had poor hearing,
11 (68.75%) had a history of recurrent sinusitis, 8 (50%)
had an enlarged tongue, and 12 (75%) had abnormal teeth.
Nine (56.25%) of the patients presented with sleep apnea,
6 (37.5%) had obstructive and restrictive airway disease,
2 (12.5%) had a low pulmonary function, 10 (62.5%) had
a history of recurrent pulmonary infections, none of the
patients had cardiac arrhythmia, 6 (37.5%) had cardio-
myopathy, none had pulmonary hypertension, 5 (31.25%)
had abdominal hepatosplenomegaly, 12 (75%) had an
umbilical and inguinal hernia, 13 (81.25%) had skeletal
abnormalities (dysostosismultiplex), 11 (68.75%) had
joint stiffness and contractures, 6 (37.5%) had hip dyspla-
sia, none of the patients had cervical spinal cord compres-
sion, 5 (31.25%) had carpal tunnel syndrome, 1 (6.25%)
of the patients had to communicate hydrocephalus, all of
the patients had normal intelligence, 9 (56.25%) had a past
medical history of other systemic illness and 7 (43.75%)
had a past history of surgery (Table 1).

Genetic analysis

Out of the total number of patents, 13 patient had
c.962T>C (p.(Leu321Pro)) mutation, one patient had
c.585T>A (p.(ASP195Glu)) mutation, one patient
had c.[585T>A];[753C>G]  (Aspl95  Glu];[Tyr251
Ter]), and one patient had c¢.{288C>A];[962T>C]
(p.[Ser96Arg];[Leu321Pro]) mutations (Table 2).

Hormone profile

The mean THS, T3, and T4 levels were 2.43+1.33
(min=0.26, max=5.37), 2.61+0.59 (min=1.54, max=3.62),
and 113.36+£12.86 (min=90.12, max=132.90) respecti-
vely. The mean IGF level was 91.73£59.20 (min=7.4,
max=222.7), the mean ACTH level was 32.53%17.17
(min=5.5, max=75.0), the mean cortisone level was
154.28471.81 (min=13.5, max=299.0), the mean PTH
level was 36.71£23.59 (min=16.75, max=108.2) (Table 3).

Liver and kidney function

The mean SGPT, SGOT, and ALPH levels were
16.84+4.82 (min=9.0, max=29), 30.00£9.03 (min=16,
max=49), and 224.38+£78.13 (min=129, max=456) res-
pectively. The mean urea, creatinine, Na, K, and Cl were
24.88+£5.16 (min=16, max=34), 0.50£0.08 (min=0.35,
max=0.70), and 105.29+3.64 (min=96.8, max=110.0) res-
pectively (Table 4).

Sugar profile, Vitamin D, Calcium, and Enzyme level

The mean RBS and HbAIC were 92.33+14.44
(min=68.1, max=114.0) and 4.84+0.55 (min=4.0,
max=5.6) respectively. The mean vitamin D and calcium
levels were 31.91+13.36 (min=12.20, max=69.82) and
9.91£0.45 (min=9.30, max=10.80) respectively. The mean
enzyme level was 0.01+0.01 (min=0, max=0.40) (Table
5).

Table 6 represents other observed blood parameters.

Discussion

Mucopolysaccharidosis type VI (MPS VI) is an auto-
somal recessive metabolic condition in which the lyso-
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Table 1. Demographic and clinical characteristics.

6.81+4.99 (min=3, max=22)
21.13£15.19 (min=0, max=48)
9 (56.25%)/7 (43.75%)

Age (years)
Age of diagnosis (months)
Gender (males/females)

Family history 9 (56.25%)
Consanguinity 13 (81.25%)
Height (cm) 89.94+7.73 (min=74, max=101)
Weight (Kg) 15.30£2.85 (min=10.6, max=20)
BMI (kg/m2) 18.89+£2.47 (min=15.38, max=24.15)
Bone age (years) 4.22+2.61 (min=1, max=12)
System Manifestation
Macrocephaly 51.56£2.66 (min=44, max=>55)
Appearance and Coarse facial features 16 (100%)
general symptoms Short stature 12 (75%)

14 (87.5%)
2 (12.5%)
11 (68.75%)
3 (18.75%)

Corneal clouding
Glaucoma
Weak vision

Eyes, Ears, Nose . .
yes, i ’ Optic nerve disease

Throat
Recurrent otitis media 9 (56.25%)
Weak hearing 9 (56.25%)
Recurrent sinusitis 11 (68.75%)
Mouth. teeth Enlarged tongue 8 (50%)
outh, tee
Abnormal teeth 12 (75%)
Sleep apnea 9 (56.25%)
. L. Obstructive and restrictive airway disease 6 (37.5%)
Airways, respiration .
Low pulmonary function 2 (12.5%)
Recurrent pulmonary infections 10 (62.5%
Cardiac arrhythmia 0
Heart Cardiomyopathy 6 (37.5%)
Pulmonary hypertension 0
Abdomen Hepatosplenomegaly 5(31.25%)
Abdomen . RSN .
Umbilical and inguinal hernias 12 (75%)

Bones, Joints

Skeletal abnormalities (dysostosismultiplex)
Joint stiffness and contractures

13 (81.25%)
11 (68.75%)

Hip dysplasia 6 (37.5%)
Cervical spinal cord compression 0

. Carpal tunnel syndrome 5(31.25%)

Brain, nerves ..
Communicating hydrocephalus 1 (6.25%)
Normal intelligence 16 (100%)
PMHx 9 (56.25%)
Past Hx

PSHx 7 (43.75%)

The continuous variables were presented as mean+SD and minimum and maximum and categorical variables were presented as

frequency (%).
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Table 2. The mutations were observed in the 5q11-q13 region.

Patients 5q11-q13 (identified mutations)

c.962T>C (p.(Leu321Pro))

c.962T>C (p.(Leu321Pro))

¢.962T>C (p.(Leu321Pro))

¢.962T>C (p.(Leu321Pro))

c.[585T>A];[753C>G] (Asp195 Glu];[Tyr251 Ter])
c.{288C>A];[962T>C] (p.[Ser96Arg];[Leu321Pro])
¢.962T>C (p.(Leu321Pro))

¢.962T>C (p.(Leu321Pro))

¢.962T>C (p.(Leu321Pro))

c.962T>C (p.(Leu321Pro))

¢.962T>C (p.(Leu321Pro))

c.585T>A (p.(ASP195Glu))

¢.962T>C (p.(Leu321Pro))

¢.962T>C (p.(Leu321Pro))

¢.962T>C (p.(Leu321Pro))

¢.962T>C (p.(Leu321Pro))

O 0 3 O N B W N~

— = = e = e
AN AW~ O

Table 3. Hormone profile.

Mean= SD Minimum Maximum

TSH 2.43+1.33 0.26 5.37

T3 2.61+0.59 1.54 3.62

T4 113.36=12.86 90.12 132.90
IGF 91.73+59.20 7.4 222.7
ACTH 32.53+17.17 5.5 75.0
Cortisone 154.28+71.81 13.5 299.0
PTH 36.71+£23.59 16.7 108.2

The variables were presented as mean+SD and minimum and maximum.

Table 4. Liver and kidney function.

Mean= SD Minimum Maximum

SGPT 16.84+4.82 9.0 29.0
SGOT 30.00+9.03 16 49

ALPH 224.38+78.13 129 456
UREA 24.88+5.16 16 34
CREAT 0.50+0.08 35 .70

NA 140.11£3.29 136.3 147.5

K 4.62+0.33 4.00 5.37

CL 105.29+3.64 96.8 110.0

Ca 9.91+0.45 9.30 10.80

The variables were presented as mean+SD and minimum and maximum.

Table 5. Sugar profile, Vitamin D, Calcium, and Enzyme level.

Meanz SD Minimum Maximum
Enzyme level ~ 0.01+0.01 0.00 .04
HBAIC 4.84+0.55 4.0 5.6
RBS 92.33+14.44 68.1 114.0
Ca 9.91+0.45 9.30 10.80
Vit.D 31.91+13.36 12.20 69.82

The variables were presented as mean+SD and minimum and maximum.
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Table 6. Other blood parameters.

Parameter Mean+SD Minimum Maximum
HB 12.36+1.34 10.0 14.7
WBC 10.37+£3.99 6.0 17.5
PLT 298.06+£90.99 152 493

The variables were presented as mean+SD and minimum and maximum.

somal enzyme N-acetylgalactosamine 4-sulfatase has
low to nonexistent activity which causes a gradual accu-
mulation of these molecules in lysosomes and extracel-
lular matrix which leads to a sequence of organ failure
with severe clinical symptoms (1). Increased urine GAG
concentrations are correlated with a fast-advancing form
of the said disease, and manifestation varies as according
to the age of initiation and rate of progression of the di-
sease. However, a substantial number of ASB gene muta-
tions have been found and are thought to be relevant for
the presentation variability (11, 12). Multiple publications
revealing ARSB gene variations, the leading cause of the
said disorder, have been published majorly in Middle East
countries (8, 9, 10).

The manifestations of the said disease are presented
in Table 1. A plethora of clinical features are reported in
the literature pertaining to Mucopolysaccharidoses type
VI. Although clinical symptoms differ by MPS subgroup,
coarse aspects, organomegaly, skeletal and joint anoma-
lies, visual and hearing difficulties, and cardiorespiratory
issues are all frequent in the said group of population (19).
A significant dysfunction of the osteoarticular systems,
with dysostosis multiplex, low height, and motor deficits,
are the characteristic clinical symptoms (6). Furthermore,
ophthalmic anomalies (beyond corneal clouding) and ENT
(ear, nose, and throat) symptoms, as well as oro-dental
anomalies, were reported often (7). These mentioned cha-
racteristics were particularly noticeable in MPS VI, which
is characterized by hypoplastic condyles, malposition of
unerupted teeth, extensive dental follicles, with an expan-
sive bite in the majority of patients (3). Moreover, several
symptoms common to MPSs in practice, such as organome-
galy and cardio-respiratory deficits, were also prevalent in
MPS VI (5). The buildup of dermatan sulphate within the
heart valves causes impairments in cardiac valve anatomy
and function in all patients with MPS VI (13). Hyperlipi-
demia as a prospective cardiovascular risk factor in these
patients is little understood. Despite having a higher BMI,
MPS problems are not linked to substantial hypercholeste-
rolemia or diabetes mellitus (14). Approximately 81.25%
of the enrolled patients presented with skeletal abnormali-
ties. The probable reason may be GAG buildup in articu-
lar cartilage, which appears to increase inflammation and
chondrocyte death (23, 24). MMPs are released as a result
of accelerated chondrocyte death, which causes persistent
degenerative joint disease (24). Furthermore, aberrant
biomechanical stress resulting from the inherent skeletal
abnormalities was thought to worsen joint illness (25).
Although degenerative abnormalities in joints can emerge
as a result of long-term inflammatory joint illness, primary
degenerative joint disease is uncommon in children and
only happens in geographically confined demographics
such as South Africa, China and India (26, 27).

The mean enzyme level in the studied group of patients
was found to be 0.01+0.01. ARSB levels can be used to

diagnose MPS VI. ASB catalyzes the hydrolysis of the C4-
sulfate ester linkage in N-acetylgalactosamine-4-sulfate
residues at the non-reducing ends of dermatan and chon-
droitin sulfate in healthy individuals during lysosomal
degradation (15). In MPS VI patients, ASB's potential to
activate the mentioned process is diminished or abolished;
hence a diminished level of the said enzyme was noted
in the enrolled pool of patients. The hormone levels were
noted to be altered in the observed cases. Abnormal enlar-
gement of the liver (hepatomegaly) is common in MPS VI
individuals. Rare circumstances of MPS disease have been
documented to have endocrine anomalies in the hypotha-
lamic-pituitary-growth hormone (GH)/insulin-like growth
(IGF) factor axis, while GH has also been identified as
normal in isolated cases (16).

It was observed that the majority of enrolled patients
(13) had ¢.962T>C (p.(Leu321Pro)) mutation while
others demonstrated c.585T>A (p.(ASP195Glu)) mu-
tation, c.[S85T>A];[753C>G] (Aspl95 Glu];[Tyr251
Ter]), and one patient had c¢.{288C>A];[962T>C]
(p-[Ser96Arg];[Leu321Pro]) mutations (Table 2). It is
a reported fact that the most prevalent mutations for the
said disorder are ¢.454C > T [p.(Arg152Trp)] and ¢.962T
> C [p.(Leu321Pro)] (1). In a literature search conducted
elsewhere, the second most prevalent allele observed was
c.962T>C [p.(Leu321Pro)] (2). Subjects homozygous
with p.(Leu321Pro) showed a variety of clinical symp-
toms, ranging from a traditional, quickly developing phe-
notype to a non-classical, gradually progressive phenotype
(3, 4). Reported studies imply the fact that the said muta-
tions vary according to ethnicity of the studied groups.
In a published study report, Giraldo et al. discovered 14
distinct mutations in 14 Colombian MPS 1V individuals,
including the p.Gly302Arg mutation (28). Val358Met
variant was described as a polymorphism in Spanish and
Argentinian MPS VI patients by Garrido et al. (28). In the
year 2017, Abbasi and coworkers discovered the c.274A
> C (p.Thr92Pro) missense homozygote mutation in an
Iranian pool of patient with MPS VI. Furthermore, they
discovered a polymorphism (variation p.V358 M) in the
enrolled patient (29). Another study had 18 MPS VI pa-
tients from six distinct, unrelated consanguineous fami-
lies. They discovered a homozygous ¢.753C > G mutation
in the ARSB gene in the majority of studied cases (30).

Prenatal diagnosis during the first or second trimester
of pregnancy can discover possible cases in households
with a previous record of one of MPS VI. The percentage
of enzymatic activity in the cells determines the disorder's
prognosis. Hematopoietic stem cell transplant (HSCT)
and enzyme replacement therapy (ERT) are two therapeu-
tic options for reinstating, at least partially, the decreased
enzyme's function in MPS (17).

MPS VII is a disorder that begins before birth. In the
lack of prenatal screening, the majority of cases manifest
immediately at birth. As with so many diseases, early
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detection is critical; early treatment may result in impro-
ved outcomes, which could have potential significance for
newborn screening. This underscores the need for MPS
VIl illness awareness. Because MPS VII is so uncommon,
drug research for it is difficult. If a neurological end point
is necessary, approval may be more challenging; yet, there
is a better likelihood of success because similar illnesses
have been approved previously. Enzyme replacement the-
rapy has facilitated a fundamental transformation in the
landscape of treatment for mucopolysaccharidosis I, II,
and VI in the last decade, alongside hematopoietic stem
cell transplant (for particular conditions). It contributes to
offering a greater comprehension of the disease's patho-

physiology.
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