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BACKROUND: Mucopolysaccharidoses are a group of lysosomal storage diseases belonging to orphan diseases. Certain
types of mucopolysaccharides have a typical musculoskeletal findings and radiological changes. The mucopolysaccharidosis
IVB is a rare type. Thus, >95% of cases of the mucopolysaccharidosis IV are subtype A.

CLINICAL CASE: Clinical and radiological changes and genetic examination were performed to a 9-year-old patient with
sensorineural deafness who applied to a medical institution with complaints of right hip pain and limping.

DISCUSSION: Based on complaints and radiological changes of the hip joints, the patient was initially diagnosed with
Legg-Calve—Perthes disease. The presence of a symmetrical bilateral process, pathognomonic changes in the acetabulum
and femoral heads, and an atypical clinic of Legg—Calve—Perthes disease made us suspect mucopolysaccharidos. Enzymatic
analysis revealed a significant decrease in the beta-D-galactosidase enzyme activity. In addition, two compound heterozy-
gous variants in the GLBT gene were identified: the pathogenic variant ¢.808T>G, inherited from the father, and an insertion
of a mobile genetic element, inherited from the mother. Only one variant in the GLBT gene was detected in the brother (born
in 2009), and none of the above GLBT variants was detected in the older brother (born in 2003). Moreover, the proband (with
clinical mucopolysaccharidos IVB) and his brother (born in 2009) (without mucopolysaccharidos IVB) inherited pathogenic
CDH23 variants (c.6992T>C and c.805C>T) from their mother and father, respectively, which is consistent with their having
sensorineural hearing loss.

CONCLUSIONS: The uniqueness of this clinical case is the presence of the rare type of mucopolysaccharidos and the
separate genetic cause of sensorineural hearing loss in a single patient. The diagnosis of mucopolysaccharidos IVB in the
proband was confirmed by biochemical and molecular genetic tests, and the diagnosis of CDH23-associated sensorineural
deafness in the proband and brother (born in 2009) was confirmed by molecular genetic testing.

Keywords: mucopolysaccharidosis IVB; orthopedics; dysostosis multiplex; hearing loss; Legg—Calve—Perthes disease;
genetics.
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06ocHoeaHue. MyKononucaxapuno3bl — rpynna M30COMHBIX DONE3HEN HAKOMMEHMs, OTHOCALLMXCA K Op(aHHbIM 3a-
boneBaHusM. OnpeneneHHble TUMbI MyKOMOMCaXapia03a XapaKTepPU3YIOTCA TUMMYHOM KIIMHUYECKOW KapTUHOW CO CTOPOHbI
OMOPHO-ABUraTesIbHOT0 annapaTta U U3MeHeHUsIX Ha peHTreHorpaMMax. Mykononucaxapupos IVB tvna — pegkuin nogmvn.
Bonee 95 % BobisBNAEMbIX CilyyaeB MyKononmcaxapuao3a IV Tuna otHocuTes K nogtuny A.

Knunuyeckoe Habmoderue. MpencTaBneHo onucaHWe KIIMHUKO-PEHTIEHONOTMYECKON KapTHHBI U TeHeTUYeCKOoro uccne-
[0BaHUs NauueHTa 9 NeT ¢ HeMpoCeHCOpHOM TyroyxocTbto IV cTeneHn, obpatueLuerocs B NieuebHoe yupexaeHue ¢ xanobamu
Ha bonb B 06nacTi npasoro Ta3obenpeHHOro cycTaBa U XpOMOTY.

06cyxcdenue. Ha ocHoBaHuM anob u peHTreHorpadmm Ta3obenpeHHbIX CYCTaBOB NaLMEHTY MepBUYHO OblN MoCTaBMeH
pvarHo3 «bonesHb Jlerra — Kanbse — Nepteca» no Mecty xutenscTsa. C y4eToM CMMMETPUYHOMO ABYCTOPOHHErO MpoLiecca,
NaTOrHOMOHWYHBLIX U3MEHEHWI BEPTITY}KHOW BMafuHbl U rofloBoK 6egpeHHbIX KocTel W HeTunuuHoi ans 6onesnu Jlerra —
KanbBe — [MepTeca KNMHWYECKOW KapTuHbl Y nauueHTa 6bin 3anofo3peH Mykononucaxapupos. [lpu Guoxumuyeckol auma-
FHOCTUKE OTMEYEHO CHUMEHWe akTUBHOCTW beta-D-ranaktosupasbl. beum Takke 06HapyKeHbl KOMNAyHL-reTepo3UroTHbIE
BapMaHTbl B reHe DeTa-D-ranakTtosuaasbl (GLBT): natoreHHbli BapuaHT €.808T>G, yHacnenoBaHHbIA OT 0TUQ, W MHCEpUWS
MOOM/IBHOr0 reHeTMHECKOro 3NIEMEHTa, YHacnefoBaHHasA oT Matepu. Y bpata 2009 ropa poKaeHWs BbiSBMEH TONBKO OVH
BapuaHT B reHe GLB1, y cTapwero 6pata, 2003 roga poxaeHus, BbilueyKasaHHble BapuaHTbl B reHe GLBT otcytctBoBany. [1po-
BaHp, C KIMHUYECKOM KapTMHOM MyKononucaxapuao3a IVB u ero 6par 2009 ropa poxaenus (6e3 Mykononmucaxapuposa IVB)
YHacnefloBanm natoreHHble BapuanTbl €.6992T>C (p.Val2331Ala) n c.805C>T (p.Arg269Trp) B reHe CDH23 ot matepu 1 oTua
COOTBETCTBEHHO, YTO COMNACYETCA C CYLLECTBYIOLLEN Y HUX HEMPOCEHCOPHOM TyroyxocTbto [V cTeneHu.

3akntoyerue. YHUKaNbHOCTb AaHHOTO KITMHMYECKOTO Clyyas 3aK/14aeTcs B HanuuuW y naumenTa pearoro VB Tuna Myko-
nosucaxapuaosa 1 He accoLMMPOBaAHHOW C HUM HeiipoceHcopHoM Tyroyxoctu IV ctenenu. [uarHos Mykononucaxapugosa VB
TMna y npobanaa noaTBepAeH HBUOXUMUYECKUMI U MONEKYNSAPHO-TEHETUYECKMMU METOLAMU, @ AMArHo3 «HeMpOCEHCOpHas
IMyX0Ta, accoLumMpoBaHHas ¢ reHoM COH23» y npobanaa u bpata 2009 rona poxaeHUss — MONEKYNAPHO-TeHETUMECKUM Me-
TOAOM.

KnioueBble cnosa: MyKonosMcaxapmaos IVB; optonenus; MHOECTBEHHbIA AU30CTO3; TYroyxocCTtb; bonesHb Jlerra — Kanbse —
I'IepTeca; reHeTuKa.

Kak umtupoBarb:

Kenuc B.M., Topobe, J1.B., Anmutpresa A.l0., Hmyposa-KpueeHuosa A.A., Briukos W.0., baingakosa I'B., Mapkosa T.B., 3axaposa E.{0. Mykononvcaxapuao3
IVB Tna n HelpoceHcopHast MyXoTa, accoLmmMpoBaHHas ¢ reHoM CDH23 (yHUKanbHbIN KIMHUYeCKuiA cyyai) // OpToneaus, TpaBMaTonorvist U BOCCTaHOBM-
TeNbHas Xupyprus fetckoro Bospacta. 2022. T 10. N° 3. C. 285-294. DOI: https://doi.org/10.17816/PTORS 108730

Pykonucb nonyyena: 14.06.2022 Pykonucb opo6peHa: 20.07.2022 Ony6nukoBaHa: 13.09.2022

A
3KO®BEKTOP Jnuerana CC BY-NC-ND 40
© KonnekTis astopos, 2022



CLINICAL CASES

BACKGROUND

Mucopolysaccharidoses (MPS) are lysosomal storage
diseases. Currently, seven types of MPS are known, which
are caused by a deficiency of one of the eleven enzymes
involved in the degradation of glycosaminoglycans.

» Type | is associated with alpha-L-iduronidase deficiency.
It is subdivided into subtypes, namely, Hurler syndrome,
Hurler—Scheie syndrome, and Scheie syndrome, which do
not differ in such a pronounced clinical presentation [1].

« Type Il (Hunter’s syndrome) is caused by iduronate-2-sul-
fatase deficiency [2].

+ Type lll (Sanfilippo syndrome) is subdivided into subtypes:
subtype A is caused by heparan-N-sulfatase deficiency,
subtype B by alpha-N-acetylglucosaminidase deficiency,
subtype C by acetyl-CoA-alpha-glucosaminide acetyl-
transferase deficiency, and subtype D by N-acetylglucos-
amine-6-sulfatase deficiency [3].

+ Type IV (Morquio's syndrome) is subdivided into subtypes,
where subtypes A and B are caused by N-acetylgalactos-
amine-6-sulfate-sulfatase deficiency and beta-galactosi-
dase deficiency, respectively [4].

+ Type VI (Maroteaux—Lamy syndrome) is associated with
arylsulfatase B deficiency [5].

« Type VII (Sly’s syndrome) develops with glucuronidase
deficiency [1].

« Type IX occurs in hyaluronidase deficiency [6].

All MPS types are characterized by progressive changes
in the osteoarticular system. The pathogenesis involves
excessive accumulation of non-degraded glycosaminoglycans,
which leads to the activation of pro-inflammatory cytokines,
apoptosis of chondrocytes, and secondary hyperplasia of
the synovial membrane of the joints [7-9]. These metabolic
and inflammatory changes are manifested by a typical clinical
and radiological presentation [10].

In MPS, X-ray images present multiple dysostoses char-
acterized by an anomaly in the formation of the osteoarticular
system over time. Macrocephaly, clavicular expansion, pad-
dle-like costal deformity, hypoplasia of the odontoid process
of the second cervical vertebra, atlanto-axial instability, ver-
tebral ventral deformity with lumbar kyphosis, anisospondylia
(uneven height of the vertebrae in the craniocaudal direction),
epiphyseal flattening, metaphyseal zone expansion, acetabu-
lar dysplasia, insufficient ossification of the acetabular rim
and femoral heads, a change in the proportions between
the iliac wing width and body (“Mickey Mouse symptom”),
and valgus deformity of the femoral necks are observed [11].

Orthopedic manifestations of MPS also include stenosis of
the cervical and thoracolumbar spine, progressive scoliosis,
multiple contractures, joint subluxations and dislocations,
axial limb deformities, and carpal tunnel syndrome [12].

MPS type IVB is rare, and >95% of identified cases of MPS
type IV are subtype A [13]. This is probably due to the more
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“mild” phenotypic forms of MPS type IV and the complexity
of their clinical diagnostics [14].

This study presents the diagnostic results of a patient
with a rare form of MPS type IVB and sensorineural deafness,
which was not associated pathogenetically with storage
disease.

CLINICAL CASE

Patient K., 9 years old.

Complaints. The parents with a child born in 2011
(9 years old at the time of the initial visit) presented to
an orthopedist with complaints of pain in the right hip joint
and gait disturbance, which appeared about 1 week before
the visit. They denied having had injuries. Previously,
the child was diagnosed with grade IV sensorineural
hearing loss, and a cochlear implant was installed at
the age of 8 months.

Anamnesis vitae. Obstetric and gynecological history
was not complicated (delivery 3, timely). Psychomotor
development corresponded to the patient’s age. The patient has
two older brothers, born in 2009 and 2003. The brother born
in 2009 was diagnosed with grade IV sensorineural hearing
loss, and a cochlear implant was installed in 2011. The middle
brother had no history of complaints of gait disturbance and
pain. GJB2 mutations, which are the most common cause of
hereditary hearing loss, were ruled out. The older brother
(born in 2003) had hearing and musculoskeletal complaints
and had no chronic diseases. The genealogy of the family
is presented in Fig. 1 (the child born in 2011 is marked in
the family tree as the proband).

During examination, the child was of normosthenic
physique and had increased nutrition. A cochlear implant
on the right was noteworthy. There was no prominent facial
dysmorphism.

The gait was antalgic, with limping on the right lower
limb, rotating it outwards. On examination, no signs of
inflammatory changes were observed. Due to the pain
syndrome, the range of motion in the right hip joint was
limited, with flexion on the right and left of 100° and 120°,
extension on the right and left of 0°-5° and 5°-10°, abduction
on the right and left of 20° and 50°, adduction on the right
and left of 15° and 25°, internal rotation on the right and left
of 0° and 10°, and external rotation on the right and left of
40° and 50°, respectively. The intensity of the pain syndrome
corresponded to 7 of 10 points according to the visual analog
scale. A diagnosis of Legg—Calve—Perthes disease was
presumably established.

From the anamnesis, gait disturbance appeared at the age
of 6 years 10 months after an acute respiratory viral infection.
There were no complaints of pain. By the time of treatment,
the gait visually worsened, and pain was felt in the right hip
joint, for which they turned to an orthopedist.

BOI: https://doi.org/10.17816/PTORS108730
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Fig. 1. Family tree of the proband. Generation I, white square and circle indicate the father and the mother, respectively; generation I,
square 1 is the older brother born in 2003 without hearing loss, square 2 is the older brother born in 2009 with hearing loss, and square 3
with a black arrow is the examined patient with hearing loss (proband). MPS, mucopolysaccharidosis

Diagnosis. The plain radiograph of the pelvic bones
presented bilateral acetabular dysplasia and deformed
femoral heads. According to the study, bilateral Legg—Calve—
Perthes disease was confirmed.

The child was consulted in absentia by the staff of
the H.I. Turner National Medical Research Center for Children’s
Orthopedics and Trauma Surgery due to the symmetry of
the lesion and clinical presentation atypical for Legg—Calve—
Perthes disease. The diagnosis of MPS was suggested.
Radiography of the spine in the lateral view and hands and
knee joints in the frontal view was recommended.

Lateral radiograph of the thoracolumbar spine showed
changes in the shape of the vertebral bodies according
to the type of tongue-shaped deformity, anisospondylia,

paddle-like costal deformity, as well as hypoplasia of
the odontoid process of the second cervical vertebra,
atlanto-axial instability, and deformity of the ventral parts of
the cervical vertebrae (Fig. 2).

Radiographs of the hands and knee joints without signifi-
cant changes (Fig. 3).

Moreover, the radiograph of the hip joints presents typical
signs, as shown in Fig. 4.

In connection with the clinical and radiological presenta-
tion, enzymatic diagnostics (screening for lysosomal storage
diseases) was performed at the Academician N.P. Bochkov
Medical Genetic Research Center (Moscow). The results re-
vealed a decrease in the activity of the enzyme beta-D-ga-
lactosidase, which is a biochemical marker of MPS type IVB.

Fig. 2. Radiographs of the cervical and thoracic spine: a, white arrows indicate expansion of the intercostal spaces, paddle-like costal
deformity, and deformity of the ventral vertebrae; blue-dotted line indicates anisospondylia with an uneven height of the vertebrae in the
craniocaudal direction; b, white line indicates hypoplasia of the odontoid process of the second cervical vertebra, black arrows indicate
signs of atlanto-axial instability, and white arrows indicate deformity of the ventral cervical vertebrae

BOI: https://doi.org/10.17816/PTORS108730
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Fig. 3. X-ray images of the hands and knee joints in the frontal view

The results of repeated tests also revealed a decrease
in the activity of beta-D-galactosidase. In the brothers of
the proband, no data of a decrease in the activity of lyso-
somal enzymes were obtained (Table).

Owing to a decrease in beta-D-galactosidase acti-
vity, the proband underwent a complete analysis of GLBT
(NM_000404.3) by direct automatic sequencing and exome
sequencing. In both cases, in exon 8 of GLB1, only one patho-
genic variant c.808T>G (p.Tyr270Asp) in the heterozygous
state was detected, which, given the autosomal recessive
type of MPS type IVB inheritance, is not sufficient to estab-
lish a molecular genetic diagnosis. Genome sequencing was
performed to search for the pathogenic variant 2 in the gene,
and the analysis of GLBT at the mRNA level was also con-
ducted. According to the results of the genome sequencing
in GLBT, in addition to the ¢.808T>G (p.Tyr270Asp) variant
in the heterozygous state, data confirmed the insertion of
a mobile genetic element from the class of retrotransposons.
Subsequent functional analysis revealed that the insertion
leads to impaired splicing of GLBT and is probably a patho-
genic variant [15]. The identified variants in the proband and
its relatives were validated by direct automatic sequencing.
The proband’s parents, as well as his brother (born in 2009),
are heterozygous carriers of the detected variants (Fig. 1),
whereas the proband has these variants in the compound
heterozygous state.

Thus, the diagnosis of MPS type IVB in the proband
was confirmed by biochemical and molecular genetic
methods.

Since the proband and his brother (born in 2009)
have grade IV sensorineural hearing loss, but type VB
MPS was ruled out in the brother based on the results

Table. Results of the study of beta-D-galactosidase activity

Fig. 4. X-ray image of the hip joints in the frontal view: flattening
and impaired ossification of the epiphyses (blue arrow), expansion
of the metaphyseal zones, acetabular dysplasia (blue angle), insuf-
ficient ossification of the edge of the acetabulum and femoral heads
(red arrow), change in the proportions between the width of the
wings and body of the ilium (Mickey Mouse sign) (black arrows),
valgus deformity of the femoral necks (red line), and discontinuity
of Shenton’s line (yellow lines)

of biochemical and molecular genetic studies, additional
analysis of exome sequencing data was performed to
identify rare variants in the genes associated with isolated
hearing loss.

Two rare variants not previously described in the literature
were found in COH23 (NM_022124.6). The variant 1 ¢.6992T>C
(p.Val2331Ala) is absent from population databases, is in
a highly conserved position, and according to the ACMG
classification is regarded by the laboratory that conducted
the study as a variant of undefined value. Variant 2 ¢.805C>T
(p-Arg269Trp) is present in databases, with a very low

Enzyme activity Beta-D-galactosidase

Patient
09.11.2020 | 24.02.2021 reference value
Proband born in 2011 0.72 0.4 2-30 nM/mL/h
Brother born in 2009 3.43 Not tested
Brother born in 2003 5.57 Not tested
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frequency, and is regarded as an undefined value variant.
Pathogenic variants in COH23 can be homozygous and
compound heterozygous in patients with autosomal recessive
deafness type 12 and in patients with Usher syndrome type 1D.
Moreover, the patient did not have retinitis pigmentosa, which
is characteristic of Usher syndrome, but had severe preverbal
hearing loss, which confirmed the diagnosis.

During the validation of these variants by direct auto-
matic sequencing, these variants were noted in the com-
pound heterozygous state in the proband and his brother
(born in 2009) and in the heterozygous state in their parents.
Having received additional criteria for pathogenicity for these
variants, we classified them according to ACMG as prob-
ably pathogenic and established a molecular genetic diag-
nosis of autosomal recessive deafness type 12 associated
with CDH23.

Thus, detailed molecular genetic, clinical, radiological,
and biochemical studies enabled us to diagnose two rare
genetic diseases, MPS type IVB and CDH23-associated
neurosensory deafness.

DISCUSSION

Mucopolysaccharidoses are a group of rare diseases
related to lysosomal storage diseases. The first case of MPS
was described by Charles Hunter in 1917 [16].

The epidemiology of MPS demonstrates racial and ethnic
characteristics in relation to the predominance of one type
or another in the population [17]. Thus, in a study conducted
from 1984 to 2004 in Taiwan, the total prevalence of MPS was
2.04 per 100,000 live births. Moreover, MPS type Il occurred
in 52% of cases, type | in 6.0%, type Ill in 19.0%, type IV
in 16%, and type VI in 7.0%. In a Chinese study of 2006—2012
data, type Il was also the most common (47.4%), followed by
type IVA (26.8%) and type | (16.3%) [18, 19].

According to an American study of 1995-2005 data,
MPS type | accounts for 31.7% of cases, type Il for 28.3%,
type Il for 24.2%, type IV for 7.5%, and type VI for 4.2% [20].
In a Canadian study (1969-1996), the proportion of MPS
type | was 30%; type IV, 20%; type VI, 15%; type Ill, 15%; and
type Il, 5% [21].

Quite often, different MPS types are associated with
sensorineural and conductive hearing loss. Thus, MPS
type | is characterized by hearing loss in 76.2%-100% of
patients [22]. Progressive sensorineural and mixed-type
hearing loss has been described in 67.3%—94.0% of patients
with MPS type Il [23]. Few studies have been conducted
regarding the analysis of hearing in patients with MPS type IIl
(A, B, C, and D). This is due to the complexity of audiological
screening in this category of patients due to severe cognitive
impairment [24]. The degree of hearing loss correlates with
the disease subtype, as with MPS type IlID, hearing loss
was registered in 25% of patients and in 100% of cases with

Tom 10, N2 3, 2022
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subtype B [25, 26]. In MPS type IV, hearing loss is associated
with subtype A (67.0%-94.0% of patients) [27-29]. Patients
with type VI are characterized by conductive hearing loss
due to recurrent acute otitis media [30]. In one study, which
included 56 patients with MPS type VII, sensorineural hearing
loss was detected in 41% of the cases [31]. To date, only four
patients with MPS type IX have been described, and none of
them had hearing loss [6, 32].

The uniqueness of this clinical case is related to
the presence of grade IV sensorineural hearing loss, which
is not associated with lysosomal storage diseases. According
to the literature, MPS type IVB has not been associated with
hearing loss; therefore, another cause of hearing loss in
the patient was suspected. Moreover, the proband'’s brother
also has grade IV sensorineural hearing loss; however, he
had no clinical and laboratory data of MPS.

In our case, the pathogenic variant ¢.808T>G in GLBI
was obtained from the father, and the insertion in the same
gene was inherited from the mother, i.e., these variants
were detected in the proband in the compound heterozygous
state, which determined the clinical presentation of MPS
type IVB. Regarding hearing loss, the proband and his
brother (born in 2009) inherited both variants, c.6992T>C
(p.Val2331Ala) and c.805C>T (p.Arg269Trp) from their mother
and father, respectively, which is consistent with the clinical
presentation.

Differential diagnostics was primarily performed in
bilateral Legg—Calve—Perthes disease. Symmetrical bilateral
process, pathognomonic changes in the acetabulum and
femoral heads [acetabular dysplasia, insufficient ossification
of the acetabular rim and femoral heads, disproportion
between the width of the wings and body of the ilium (Mickey
Mouse symptom), and valgus deformity of the femoral necks],
and a clinical presentation atypical for of Legg—Calve—Perthes
disease enabled us to suspect MPS [33].

CONCLUSION

Timely diagnosis of lysosomal storage diseases, in-
cluding MPS, is necessary for early enzyme replacement
therapy, which currently exists for MPS types I, II, IVA,
VI, and VII. At an early disease stage, transplantation of
hematopoietic stem cells (MPS types |, Il, VI, and V) is also
used.

Orthopedic manifestations such as multiple ligamentitis of
the hand joints, joint contractures, pathognomonic changes in
the epiphyses, and an atypical form of bilateral Legg—Calve—
Perthes disease should alert physicians about the presence
of MPS.

The determination of enzyme activity in dried blood stains
is the simplest and minimally invasive method for diagnosing
these diseases, which does not require special training of
the patient and medical personnel.

BOI: https://doi.org/10.17816/PTORS108730
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