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Summary

Osteogenesis imperfecta (OI) is a disease that is characterized by hereditary connective tissue dysplasia and is
clinically manifested as excessive bone fragility and limb deformity. The overall incidence of OI is 1:10,000-20,000
live births. The main autosomal dominant inheritance path, autosomal recessive and X-linked forms have been
established, and sporadic cases of the disease, denovo mutations and familial mosaicism have been described. 85%
of cases are connected with mutations in the COL1AI and COLIA2 genes, which leads to quantitative and qualitative
changes in the synthesis of type I collagen. Quantitative defects are due to the formation of a null allele, in which the
structure of collagen remains unchanging, and its amount is halved. Out of qualitative defects, the most common type
of mutation is associated with the replacement of glycine with a larger amino acid. This leads to a disruption in the
formation of the triple chain and structural changes in the type I procollagen molecule.

The article presents a clinical case of type III osteogenesis imperfecta caused by a mutation in the COLlal
(p.Gly845A4rg) gene in a newborn girl. Antenatally diagnosed with oligohydramnios and shortening of the limbs,
after birth phenotypically revealed congenital dwarfism with short limbs, small size of the cartilaginous skull,
hypertelorism, depressed nose bridge and micrognathia. X-ray examination revealed fractures of the humerus. The
results of the molecular genetic study revealed the c.2533G>A (p.Gly845A4rg) mutation of the COLIAI gene.

Molecular genetic examination of family members (mother, father and two sisters of the proband) did not reveal
the pathological allele diagnosed in the proband, that is, the birth of a child with a hereditary pathology of the

musculoskeletal system occurred as a result of a new mutation.
Key words: Osteogenesis Imperfecta; Mutation of the COLl1al gene (p.Gly845Arg); de novo Mutation.

Introduction

Osteogenesis imperfecta (OI) is a disease
characterized by hereditary connective tissue
dysplasia and clinically manifested as excessive bone
fragility and limb deformity. The overall frequency of
OI is 1:10 000-20 000 live births, the frequency of
type L is 1:30 000, the frequency of type 11 is 1:60 000,
the total frequency of three congenital forms (types
IL, 11, IV) is 1:20 000. However, with a mild course,
the disease often remains undiagnosed due to the
weak severity of clinical manifestations. The age of
manifestation depends on the severity of the course,
in severe cases it manifests in utero [1, 2, 7, 8, 9, 12].

According to the literature, the synthesis and
maturation of collagen begins in the cell nucleus and
ends in the extracellular matrix. Type I collagen is a
heterotrimer consisting of two pro-al(I)- and one pro-
a2(I)-polypeptide chains. After translation, pro-al-
and pro-a2-chains are transferred to the endoplasmic
reticulum, where the process of formation of the type
I procollagen triple helix is initiated. The coiling
process requires the presence of post-translational
proteins (CRTAP, CyPB, P3HI). The presence of
a mutation in the CRTAP, LEPREI, PPIB genes
encoding these proteins leads to the development of
the disease. Type I collagen is formed after transport
of type I procollagen to the Golgi complex and

subsequent exocytosis into the extracellular matrix,
cleavage of C- and N-propeptides. The presence of
covalent bonds between type I collagens promotes
the formation of multiple collagen fibrils, which
form collagen fibers, the most important protein in
the organic part of the bone tissue [4, 7].

At present, the main autosomal dominant
inheritance, autosomal recessive and X-linked forms
have been established, and sporadic cases of the
disease, denovo mutations, and familial mosaicism
have been described. In 85% of cases, mutations
occur in the COLIA1 and COL1A2 genes, which
leads to quantitative and qualitative changes in the
synthesis of type I collagen. Quantitative defects
are due to the formation of a null allele, in which
the structure of collagen remains unchanging, and
its amount is halved; the course of the disease in
this case is mild. Out of the qualitative defects, the
most common type of mutation is associated with the
replacement of glycine with a larger amino acid in
one of the a-chains that make up the collagen triple
helix, which leads to a disruption in the formation of
the triple chain and structural changes in the type I
procollagen molecule [1, 2, 7, 9].

In other cases, the discase develops as a result of
a mutation in the genes of proteins involved in post-
translational modification, chaperone attachment,

67



HEOHATONOTIA, XIPYPrIfi TA NEPUHATANIbHA MEQULUVWHA
NEONATOLOGY, SURGERY AND PERINATAL MEDICINE

ISSN 2226-1230 (PRINT) ISSN 2413-4260 (ONLINE)

T. X1, Ne 1(43), 2022
voL. xi1, Ne 1(43), 2022

KEY TITLE: NEONATOLOGIA, HIRURGIA TA PERINATAL'NA MEDICINA (ONLINE)
ABBREVIATED KEY TITLE: NEONATOL. HiR. PERINAT. MED. (ONLINE)

collagen folding and cross-linking. In patients with
OI, changes in the process of bone tissue formation
were also revealed, which were not associated with
collagen, but with a violation of bone mineralization,
differentiation and functioning of osteoblasts. This
improved understanding of the cellular and biological
pathogenesis of OI [7].

As a result of the biosynthesis of defective
collagen in patients with OI, the formation of the
bone matrix is disturbed, while the balance between
resorption and bone formation changes towards the
predominance of resorption. A child with growing OI
has thin bone with impaired trabecular structure, a
thin cortical layer, and a high level of remodeling,
which leads to an extremely high risk of fractures. As
a result of mutations, the altered a-chain undergoes
the folding process more slowly, and therefore
the enzymes that carry out post-translational
modification interact with the a-chain for a longer
time and disrupt its structure. These changes lead
to disruption of exocytosis and cross-linking of
collagen molecules into fibrils, which can lead to the
activation of the apoptosis mechanism. As a result
of these changes, the architectonics of bone tissue is
disturbed. The mildest and most common forms of Ol
are due to premature codon termination or a defect
in RNA splicing, which leads to disruption of type I
collagen biosynthesis by osteoblasts. In patients with
severe forms, the processes of bone remodeling are
accelerated [4, 7].

Todate, 20 genes are known, which mutations cause
OI. Violations of post-translational modification
of collagen, a defect in hydroxylation are caused
by the genes CRAPT, LEPREI, PPIB; violation of
bone tissue formation and mineralization — IFITMS5,
SERPINFI1; terminal propeptide cleavage defect —
BMP1; impaired interaction with chaperones and
cross-linking of collagen — SERPINHI, FKBPI10,
PLOD2; impaired differentiation and functioning of
osteoblasts — SP7, TMEM38B, WNTI1, CREB3LI1,
SPARC, MBNPS2 [1, 4, 9].

The first classification was proposed by D.O.
Sillence (1978), supplemented by M. Ramachandran
and based on the data of clinical and radiographic
examination of the patient, distinguishes 4 main
types of the disease with predominantly AD-type
of inheritance. At the moment, the classification of
D.A. Sillence is more commonly used in clinical
practice. In 2009, the unique classification was
supplemented by F.N. Glorieux with four other types
of Ol (V — with AD-type and VI, VII, VIII — with
AR-type of inheritance, which are not associated
with type I collagen pathology). However, the use
of this classification in routine clinical practice is
difficult due to the lack of clear differences between
the new types and the classic four types [1, 7, 11].

In 2009, at the meeting of the International
Committee for the Nomenclature of Constitutional
Skeletal Disorders (INCDS), the distribution of OI
types into 5 groups was proposed: 1. Violations of
the synthesis and structure of collagen; 2. Violation
of bone mineralization; 3. Violation of post-
translational modification of collagen; 4. Violation
of collagen maturation and chaperone attachment;
5. Violation of differentiation and maturation of
osteoblasts.
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All mutations that will increase the genetic
heterogeneity of the disease in the future will be
distributed as subtypes of phenotypic groups. To
completethisclassification,alarge group of syndromes
was added, which were also accompanied by reduced
bone mineral density and had a cross-clinical picture
with OI. Characterization of phenotypes according to
the new classification is described in F.S. VanDijk and
D.O. Sillence. The full version of the classification
was published in Nosology and Classification of
Genetic Skeletal Disorders in 2015 [S5]. Significant
genetic and phenotypic polymorphism of OI, the
lack of genotypic-phenotypic correlation, similarity
of clinical manifestations, complexity of diagnosis
indicate the need for new generation sequencing
technologies.

OI type I is the mildest and most common form
of the disease. Patients produce collagen of normal
quality, but in small quantities. Fractures occur
postnatally, and the incidence of fractures decreases
or even stops after puberty. The risk of fractures in
OI type I increases in women after menopause and in
men after 60. Patients with type I OI have blue sclera,
an increased tendency to hemorrhage, hearing loss or
hypermobility syndrome, slight growth retardation,
and slight deformities of the long bones. Based on the
presence or absence of dentinogenesis imperfecta, Ol
subtypes A and B are distinguished [1].

OI type II is the most severe form of the disease,
accompanied by a high rate of perinatal mortality. In
most cases, children die within the first year of life
due to respiratory failure or intracranial hemorrhage.
Such children are often born with a delay in fetal
development and physiological gestational age. Over
time, severe deformities of the extremities are formed,
on radiographs, long tubular bones have pronounced
osteoporosis, signs of intrauterine fractures and
abnormal modeling. The growth of children with OI type
IT is low. Skull with pronounced delayed mineralization
and wide fontanelles. Sclera is grey-blue. Bones consist
mainly of bone tissue without haversian canals or with
a disordered arrangement of plates. Collagen is of
insufficient quantity or quality [1, 10].

Type III OI is known as the progressive deforming
variant. Dentinogenesis is imperfect. There may be
breathing problems and early hair loss. Most patients
with OI type III have a severe form of bone dysplasia
in childhood. They have extremely fragile bones,
they register up to hundreds of fractures throughout
their lives. Long tubular bones are easily deformed
from normal muscle tension and due to fractures,
have a pronounced growth retardation, almost all
patients develop scoliosis. X-ray — wide metaphyses,
layering like "popcorn" in the growth zones in
addition to osteoporosis. Collagen is of insufficient
quality [1].

OI type IV is a very severe form. Diagnosis can
be made at birth or at school age. Features of the
phenotype: the color of the sclera can be different,
early hair loss, imperfect dentin genesis. These
children often have several fractures per year
and a curvature of the long bones. The frequency
of fractures may decrease both may not even be
after puberty. In general, patients with type IV OI
have a low final height. Many of these patients
respond to growth hormone therapy and may grow
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significantly. Bone X-rays show osteoporosis and
mild modeling abnormalities. Many patients have
vertebral compression fractures and scoliosis. With
constant rehabilitation and orthopedic correction,
these patients can move without assistance. Collagen
is of low quality [1].

Osteogenesis imperfecta types II and III can
be diagnosed prenatally by ultrasonography, since
fetuses with this pathology usually have intrauterine
fractures. The disease is confirmed by antenatal
laboratory studies: chorionic villus biopsy with
cultivation of cells demonstrating the production
of abnormal type I collagen in the form of post-
translational super modification of procollagen
on electrophoresis; chorionic villus biopsy/
amniocentesis to obtain fetal DNA for molecular
analysis of genes involved in the development of
OI. Pre-implantation or prenatal genetic diagnosis
is possible in cases where pathological variants of
gene mutations are already known in the family.
The purpose of such an examination is to exclude
the implantation of an embryo carrying a pathogenic
mutation or termination of pregnancy [1].

Postnatal diagnosis of Ol is based on data obtained
from the collection of anamnestic reports, clinical
manifestations and results of radiography (osteopenia,
osteoporosis, fractures, deformities of long tubular
bones, additional skull bones), osteodensitometry
(assessment of tooth tissue and bone density),
laboratory diagnostic data (determination of serum
concentrations of vitamin D, calcium, phosphorus,
parathyroid hormone and alkaline phosphatase) and
specific biochemical parameters of bone metabolism.
At the initial diagnostic search, it is important
to exclude metabolic causes of osteoporosis and
fractures [3, 7, 11].

To facilitate diagnosis, the most characteristic
features of OI have been deduced: hereditary
history or recurrent fractures; idiopathic fractures
and/or bones calluses; short stature; blue sclera;
imperfect dentinogenesis; progressive hearing loss;
ligament weakness; "fish" vertebrae, as a result
of compression fractures of the spine (mainly in
adult patients); wormian (additional) bones in the
region of the sutures of the skull (up to 4-6 mm) in
diameter; acetabular protrusions; low bone density
(radiological, densitometry). The key diagnostic point
of OI is the generalization of the nature of connective
tissue defects, which can be in various combinations,
in particular, facial defects (triangular or flattened
skull, blue sclera, opal teeth), macrocephaly,
chest deformity (barrel-shaped or funnel-shaped),
hypermobility joints, morphological changes in the
vertebrae, growth retardation [1, 8, 11].

The International Osteoporosis Foundation
recommends the use of reference markers of bone
metabolism in all clinical studies, namely markers
of bone resorption (type I collagen C-terminal
telopeptide, CPT) and bone formation (type I pro-
collagen N-propeptide, PINP).

Genetic research is used to diagnose mild forms
of OI and in the absence of characteristic phenotypic
traits. Determining the type of OI is important for
assessing the severity of the disease, predicting
complications of surgical treatment and choosing
the most effective drug treatment. Genome analysis

of people with OI or their relatives can determine
the possibility of OI in their child. Next generation
sequencing (NGS) can be used to analyze the entire
exome using panels with known genes responsible
for OI [1, 7, 12].

Differential diagnosis of hereditary diseases of
connective tissue is difficult in connection with the
expressed clinical polymorphism and similarity of
clinical displays at various diseases of this group.
The exact diagnosis can be established on the basis
of molecular genetic research, which in its turn
will allow timely choice of tactics of the patient.
Differential diagnosis is performed with other
connective tissue dysplasias (Brooke's syndrome,
Carpenter's syndrome, hypophosphatasia, Ehlers-
Danlo syndrome, osteoporosis-pseudoglioma
syndrome, idiopathic juvenile osteoporosis, etc.) [11].

Treatment of patients with OI is symptomatic and
depends on the severity of the course. The goal of
treatment is to reduce the frequency of fractures,
increase mobility and independence, reduce pain,
timely detection and control of extraskeletal
manifestations, and prevention of drug therapy side
effects. Patients with Ol need a team multidisciplinary
approach thatincludes apediatrician, endocrinologist,
rehabilitation specialist, orthopedic traumatologist,
geneticist, dentist, audiologist, psychologist, and
social worker [1, 7, 9, 12].

For many years (since 1987) the main method
of therapy has been the use of bisphosphonates.
The assessment of the dynamics of treatment with
bisphosphonates is carried out by analyzing clinical
and anamnestic data, the results of X-ray densitometry
[6]. RANKL inhibitors, osteoanabolic drugs,
including human parathyroid hormone analogues,
sclerostin inhibitors, TGF inhibitors, and others are
currently undergoing clinical trials. The main idea
of cell replacement therapy is the transplantation of
bone marrow or mesenchymal stem cells in order to
obtain a pool of cells capable of producing collagen.
The task of surgical treatment is timely and effective
osteosynthesis of fractures, correction of deformities
of long bones and scoliosis. Monitoring the course of
the disease is carried out using radiological methods.
Rehabilitation therapy consists in restoring the motor
activity of patients after fractures and operations,
which is the basis for maximum physical activity in
patients with OI. Physical therapy should begin in
early childhood and include aerobic exercise, muscle
strengthening exercises, and walking protectors.
Exercises to increase muscle strength (isotonic
and anti-gravity, aerobic exercises) are performed
between orthopedic interventions. Patients should
also be encouraged to swim in the pool. Children
and their parents need psychological support for
social adaptation, as well as for learning to walk
after correction and osteosynthesis of fractures.
Correction of secondary diseases in OI, in particular,
hearing loss, basilar intussusception, is carried out in
specialized institutions according to the developed
coordinated programs [1, 7, 9].

Clinical case

The child was born from the third desired
pregnancy, which took place against the background
ofathreatened abortion at 8 and 14 weeks of gestation,
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diffuse non-toxic goiter of the 1st A degree, simple
flat pelvis, oligohydramnios; third natural labor at
38 weeks of gestation. Outpouring of a small amount
of amniotic fluid was noted; the anhydrous interval
was 15 hours.

The first and second pregnancies ended with
the birth of healthy children in the physiological
gestational age. The hereditary history of the mother
and father is aggravated by oncopathology.

The results of the screening antenatal ultrasound
examination of the fetus at gestational age 33-34
weeks showed that the length of the limbs of the fetus
corresponds to 25 weeks; no other abnormalities in the
examination of the fetus were found. Also diagnosed
with oligohydramnios and cord entanglement. A
congenital malformation of the musculoskeletal system
of the fetus is suspected: atelosteogenesis, which must
be differentiated from campomelic dysplasia.

The child's body weight at birth was 2300 g, body
length — 43 cm, head circumference — 31 cm, chest
circumference — 29 cm. Apgar score at the end of
the first minute of life — 6 points, the fifth minute
of life — 7 points. At birth and in the early neonatal
period, the child's condition was regarded as moderate
due to moderate respiratory disorders, neurological
symptoms in the form of depression syndrome and
vegetative-visceral disorders against the background
of small size before the gestational age and congenital
pathology of the musculoskeletal system.

Phenotypically, congenital dwarfism with short
limbs, small cartilaginous skull, hypertelorism,
depressed nose bridge, micrognathia, and suspected
campomelitic dysplasia were found.

After birth, an X-ray examination was performed
to help identify fractures of the humerus.

During its stay in the neonatal intensive care unit
of the obstetric hospital, the child was nursed in an
open resuscitation system in compliance with the
safety rules, received mechanical ventilation in the

List of references:

nIPPV/nCPAP mode with parameter correction; partial
parenteral nutrition, tube-enteral nutrition; antibiotic
therapy and pharmacological/non-pharmacological
anesthesia. The child was consulted by specialist
doctors: a geneticist, a neurologist, an orthopedist.

Based on the data of genetic, clinical and
instrumental examination of the child, a preliminary
clinical diagnosis was established: Osteogenesis
Imperfecta. Parents were offered a molecular genetic
study the results of which revealed a mutation
c.2533G> A (p.Gly845Arg) of the COL1A1 gene.

Molecular genetic study of family members
(mother, father and two sisters of the proband) did
not reveal the pathological allele diagnosed in the
proband. It can be assumed that the presence of a
hereditary pathology of the musculoskeletal system
in this child occurred as a result of a new mutation.
After a comprehensive examination, the girl was
diagnosed with osteogenesis imperfecta type III.

The family was given recommendations on
prenatal diagnosis of the disease during subsequent
pregnancy.

Conclusions

1.Significantgeneticand phenotypic polymorphism
of OI, the absence of genotype-phenotype correlation,
similarity of clinical manifestations, and the
complexity of diagnosis indicate the need for new
generation sequencing technologies. 2. Currently,
there are no standards for providing care to patients
with OI, and each patient needs an individual
approach when choosing drug therapy and planning
surgical treatment. 3. Further studies are needed to
focus on the effectiveness of long-term treatment and
its impact on fracture risk in large cohorts of patients
with different types of OI.
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KJTHIYHUM BUIIAIOK HEJOCKOHAJIOT'O OCTEOI'EHE3Y III TUILY,
CIHPUYNHEHUU MYTANIE€IO TEHA COL1A1 (p.Gly845Arg),
Y HOBOHAPOJIXKEHOI JIBUUNHKH

I.B. lacmiska', B.B. Anyynosa’, A.I'. Badinyesa’,
0.1. Opkie!, JI.I. Bpiwmesaw’, I.0. Manccea’

BykoBuHCbKHIi fep:kaBHU MequuHUil yHiBepcuTeT (M. UepHniBui, Ykpaina)!
Hauionanpuuii Mmexnunuii ynisepcutet imeni 0.0. Boromoabus (M. Kui, Ykpaina)?
Hauionanbuuii yniBepcurer oxopounu 310poB’ss Ykpainu imeni ILJI. lynuka (M. KuiB, Ykpaina)?

Pe3tome. Henocrxonanuii octeorenes (HO) — 3aXBOpIOBaHHS, SKe XapaKTePU3yEThCA CIAAKOBOIO AUCILIA3I€I0 CIOTYYHOT TKA-
HUHH Ta KJIIHIYHO NMPOSBIAETHCS y BUNIAI HAAMIPHOT IaMKOCTI KicTOK Ta Jedopmanii kiHiBok. 3aranbHa yactora HO craHOBUTH
1:10 000-20 000 >xuBOHapOIKEHNX. BCTAaHOBIEHO OCHOBHHN ayTOCOMHO-JOMIHAHTHHUH HUIAX YCIIaJKyBaHHS, ayTOCOMHO-peIe-
cuBHI Ta X-3uemieHi GopMu, a TAaKOX OMHCAHI CIIOpPaJUdHi BUMAAKH XBOpoOH, MyTanii denovora cimeitauit Mo3aimmsm. ¥Y 85 %
BUMaakiB MyTtanii Bunukarots B renax COL1A1 ta COL1A2, uio npu3BOIUTh 10 KiNbKICHUX Ta SIKICHUX 3MiH CHHTE3y KOJareHy
I Tumy. KinskicHi nedektn oOymMoBieH] (pOpMyBaHHIM HYJIHOBOTO aJielisl, IPU SKOMY CTPYKTypa KoJIareHy He 3MIHIOEThCS, a HOTo
KUIBKICTh 3HHKY€ETBCS BIBIUi. 3 AKICHUX Ae(eKTiB HalOIIbII MOMIMPEHUH TUI MYTallii MoB A3aHUH 13 3aMiHOIO TITIIIMHY Ha aMmi-
HOKHCIIOTY O11b1I0r0 po3mipy. Lle npu3BoguTh 10 nopyuieHHs npouecy GopMyBaHHS MOTPIHHOTO JAHIIOTA Ta CTPYKTYPHUX 3MiH
MOJIEKYJIH Ipokosiareny I tumy.

VY crarTi mpencTaBieHO KIiHIYHHUI BUIAJ0K HEZOCKOHanmoro ocreoreHesy lII Tumy, cnpuumHennit myTamiero rena COLlal
(p.Gly845Arg), y HOBOHApOAXKEHOI JIBUMHKU. AHTEHATAIbHO AiarHOCTOBAHO MAJIOBOAJS Ta BKOPOUCHHS KiHIIBOK, Micis Hapo-
JDKEHHS (DEHOTHIIOBO BUSIBICHO BPODKEHY KapJIMKOBICTH 3 KOPOTKMMHM KiHI[IBKAMH, MaJli pO3MipH XpsIOBOTO 4eperna, rimepre-
JOpU3M, BTHCHYTE TIEpEHiCCS Ta MIKpOTHATii0. [Ipu peHTreHOIOTIYHOMY 00CTEKEHHI 11arHOCTOBAHO MEPETOMH IICYOBHUX KiCTOK.
Pe3ysbTaT MOJICKYISPHO-TeHETHYHOTO TOCIIIKEHH BUsABMIN MyTauito ¢.2533G>A (p.Gly845Arg) renyCOL1A1.

MonexynspHO-TeHeTHYHE 00CTE)KEHHS WISHIB poAUHY (MaTH, 0aTbKO Ta ABI piJHI cecTpu npodaHaa) He BUSBUIIO NATOIOTIYHO-
TO aJieyist, AIarHOCTOBAHOTO Yy Mpo0aHaa, TOOTO HAPOKCHHS AUTHHH 31 CHIaJKOBOIO MATOJIOTI€I0 OMOPHO-PYXOBOT0 allapary CTanocs
B pe3yJbTaTi HOBOI MyTallii.

K104o0Bi cj10Ba: nezasepmenuii ocreorenes; myranis reay COLlal (p.Gly845Arg); myranis de novo.
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