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Summary

Osteogenesis imperfecra (Ol is a dizease that iz characterized by heveditary connective tissue dysplasia and is
clinically manifested as exceszive bone fragility and limb deformiry. The overall incidence of O iz 1:10,000-20,000
live births. The main aufosomal dominant inheritance path, autesemal recessive and X-linked forms have been
establizhed, and sporadic cazes af the dizease. denove mutations and familial mosaicizm have been described. §3%
of cases are connected with mutations in the COL141] and COL1A42? genes, which leads to guantitative and qualitative
changes in the symrhesiz of npe I collagen. Quantitarive defects are due ro the formation of a null allele, in which the
strucinre af collagen remains unchanging, and its ameowunt is halved. Out af gualitative defects, the most commeon type
of mutation iz associated with the replacement of glycine with a larger amine acid. Thiz leads to a disruprion in the
formation af the triple chain and struciural changes in the tvps I procellagen meleculs.

The article prezentz a clinical case af oype I csteogenesizc imperfecta caused by a murarion in the COLlal
{p.Gly8434drg) geme in a newborn girl Antenatally diagnosed with oligehydramnios and shorteming af the limbs,
after birth phenonypically revealed congenital dwarfizm with shorr limbs, small size of the cartilaginous skull,
Iypertelorism, depressed nose bridge and micregnathia. X-ray examination revealsd fractures af the humerus. The
results of the molecular genetic study revealsd the ¢.2533G=4 (p. Gly8454rg) muration of the COLIAI gene.

Meolecular genetic sxamination af family members (mother, father and rwo sisters of the proband) did not reveal
the pathelogical allels diagnesed in the proband, that iz. the birth of a child with a hereditary patholegy af the

musculoskslstal system occwrved as a result of a new mutation.
Key words: Osteogenssis Imperfacta; Mutation of the COLlal gene {p. Glv345Argl; de nove Mutation.

Introduction
Osteogenesiz 1mperfecta (0I) 13 a  dizeass
characterized by hereditary comnective ftissue

dysplasia and climically mamifested as excessive bone
fragility and limb deformity. The overall frequency of
O 15 1:10 000-20 000 live barths, the frequency of
type T115 1:30 000, the frequency of type I11s 1:60 000,
the total frequency of thres congenital forms (types
IL, III, IW) 1= 1:20 000. However, with a mild course,
the disease ofter remains undiagnosed due to the
weak severnity of clinical manifestations. The age of
manifestation depends on the severity of the course,
in severe cases it manifests in uters [1,2, 7, 8 9 12]

According to the literature, the symthesis and
maturation of collagen begins 1o the cell nucleus and
snds in the extracellular matnix. Type I collagen iz a
heteroinimer consisting of two pro-al(I)- and one pro-
a2(l)-polypeptide chainz. After transzlation, pro-al-
and pro-al-chains are transferred to the endoplazmic
reticulum, where the process of formation of the type
I procollagen triple helix is initiated. The ecoiling
process regquires the prezence of post-translational
proteins (CRTAP, CyPB, P3HI) The presence of
a mutation 1n the CRTAP, LEPRE], PPIB genes
sncoding theze proteins leads to the development of
the dizease. Type I collagen 1z formed after transport
of type I procollagen te the Gelzi complex and

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

At present, the main auwtosomzl dominant
inheritance, autosomal recessive and X-linked forms
have been establizhed, and sporadic cazes of the
dizease, denovo mutations, and familial mosaicizm
have been described. In 35% of cases, mutations
occur in the COLLAL and COLLA2 genes, which
leads to quantitative and qualitative changes 1n the
synthesis of type I collagen. Quantitative defects
are due to the formation of a null allele, in which
the structure of collagen remain: unchanging, and
its amount is halved; the course of the disease in
this case is mild. Out of the gualitative defects, the
most common type of mutation 15 associated with the
replacement of glycine with a larger amimo acid 1o
one of the a-chains that make up the collagen triple
helix, which leads to a disruption 1n the formation of
the triple chain and structural changes in the type I
procollagen melecule [1, 2, 7, 9].

In other cases, the disease develops as a result of
a mutation in the genes of proteins involved 1n post-
translational medification, chapercne attachment,
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collagen folding and crozs-linking. In patients with
01, changes in the process of bone tissue formation
were also revealed, which were not assoeiated with
collagen, but with a vielation of bone mineralization,
differentiation and functiening of osteoblasts. This
improved understanding of the cellular and biclogical
pathogenesiz of OI [7].

Az a result of the biosyvnthesiz of defective
collagen in patients with OI, the formation of the
bone matrix 1z disturbed, while the balancs between
resorption and bone formation changes towards the
predominance of resorption. A child with grewing OI
has thin bone with impaired trabecular structure, a
thin cortical layer, and a2 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 camy out post-translational
modification interact with the a-chain for a longer
time and dizrupt its structure. Thesze changes lead
to disruption of exocytesis 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 tizsus 13
disturbed. The mildest and meost commen forms of OI
are due to premature coden termination or a defect
in EMA =plicing, which leads to disruption of type [
collagen biosynthezis by osteoblasts. In patients with
severe forms, the processes of bone remodeling are
accelerated [4, 7]

Todate, 20 genes are known, which mutations cause
0I. Violations of pest-translational modification
of collagen, a defect in hydroxylation are caused
by the genes CEAPT, LEPREIL, PPIB; viclation of
bone tissue formation and mineralization — IFITMS,
SERPINFI]; terminal propeptide cleavage defect —
BMP1; impaired interaction with chaperone: and
cross-linking of collagen — SERPINHI1, FEBFI0,
PLOD?2; impaired differentiation and functioning of
astegblasts — SP7, TMEM38B, WNT1, CREB3L1,
SPARC, MBNPS2 [1, 4, 9].

The first elassification was propesed by D.O.
Sillence (1978), supplemented by M. Ramachandran
and based on the data of climical and radiographic
examination of the patient, distinguizhes 4 main
tyvpes of the disease with predominantly AD-tvpe
of inheritance. At the moment, the classification of
D A Sillence 15 more commonly used in clipical
practice. In 2009, the unique classification was
supplemented by F.N. Glorieux with four other types
of OI (V - with AD-type and VI, VII, VIII - with
AR-type of inheritance, which are not associated
with type [ collagen pathology). However, the uze
of this classification 1n routine climical practice 1s
difficult due to the lack of clear differences between
the new types and the elassie four types [1, 7, 11].

In 2009, at the mesting of the International
Committee for the Nomenclature of Constitutional
Skeletal Disorders (INCDS), the distribution of OI
types into 3 groups was proposed: 1. Violations of
the synthesis and structure of collagen; 2. Violation
of bone mineralization; 3. Viclatien of post-
tranzlational modification of collagen; 4. Violation
of collagen maturation and chaperone attachment;
5. Violation of differentiation and maturation of
osteoblasts.

65

All mmutations that will increaze the genetic
heterogeneity of the disease in the future will be
distributed as subtypes of phenotypie groups. Te
complate thisclassification, alarge group of syndromes
was added, which were also accompanied by reduced
bone mineral density and had a eross-clinieal picture
with OI. Characterization of phenotypes according to
the new classification 13 described in F.5. VanDijk and
D.0O. Sillence. The full version of the classification
was published 1n Nosology and Classification of
Genetic Skeletal Dizorders mn 2015 [3]. Sigmficant
genetic and phenotypie peolyvmeorphism of OI, the
lack of genotyvpic-phenotypie correlation, similanty
of climcal manifastations, complexity of diagnosis
indicate the need for new generation sequencing
technologzies.

OI type I 15 the nuldest and most common form
of the dizeasze. Patients produce collagen of normal
guabity, but in small guantiies. Fractures occur
posmatally, and the incidence of fractures decreases
or even stops after puberty. The nsk of fractures m
OI type I increases in women zfter menopause and n
men after 60. Patients with type I O have blue selera,
an increased tendency to hemorrhage, heanng loss or
hypermeobility syndrome, slight growth retardation,
and slight deformities of the lonz bones. Based on the
prezence or absence of dentinogenesis mperfecta, O
subtypes A and B are distingmizhed [1].

Ol tvpe II is the most severe form of the dizease,
accompanied by a high rate of pernnatal mortality. In
mast cases, children die within the first year of hfe
due to respiratory failure or infracramial hemorthage.
Such children are often born with a delay in fetal
development and physiclogical gestational age. Ower
time, severe deformities of the extrermties are formed,
on radiographs, leng tubular bones have pronounced
osteoporosis, signs of intrauterine fracturss and
abnormal modeling. The growth of children with OI type
1T is low. Skull with pronounced delaved minerahzation
and wide fontanelles. Sclera 13 grey-blue. Bones consist
mainly of bone tissue without haversian canals or with
a disordered amrangement of plates. Collagen is of
mzufficient quantity or quality [1, 10].

Type II1 Ol 15 known as the progressive deforming
variant. Dentinogenesis 1s imperfect. There may be
breathing problems and early hair loss. Most patients
with OI type IIl have a severs 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 mmscle temsion and due to fractures,
have a pronounced growth retardation, almest all
patients develop scoliosiz. X-ray — wide metaphyses,
layering like "popcorn” in the growth zome: 1n
addition te osteoporesis. Cellagen is of insufficient
guality [1].

OI type IV 15 a very zevers form. Diagnosis can
be made at birth or at schocl age. Features of the
phenciype: the color of the sclera can be different,
early hair loss, imperfect dentin genmesis. These
children often have several fracturez per wyear
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 hormene 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 orthopedie correction,
these patients can move without assistance. Collagan
15 of low quality [1].

Osteogenesis imperfecta types II apnd III can
be dizgnosed prenatally by ultrasonography, since
fetuses with this pathology usnally have intrauterins
fractures. The disease is confirmed by antenatal
laboratory studies: chorionie willus biopsy with
cultivation of cells demonstrating the production
of abmormal type I collagen in the form of post-
translational super medification of procollagen
on electrophoresis; chomomie willus  biopsy/
amniocentesis to obtamn fetal DNA for molecular
analysis of genes involved in the development of
OI. Pre-implantation or prenatal genetic diagnesis
1z possible in cases where pathological variants of
zene mutations are zalready known in the family.
The purpose of such an examination 15 to exclude
the implantation of an embryo carrying a pathogemc
mutation or termination of pregrancy [1].

Postnatal diagnosis of Ol 1s based on data ebtained
from the collection of apammestic reports, clinical
manifestations and results of radiography (osteopenia,
osteoporosis, fractures, deformities of long tubular
bones, additional skull bones), ostecdensitometry
{azzessment of tooth tissue and bone density),
laboratory diagnestic data (determination of serum
concentrations of vitamin D, ecaleium, phosphorus,
parathyroid hormone and alkaline phosphatase) and
specific biochemical parameters of bone metabolizm.
At the initial diagnestic search, 1t is impertant
to exclude metabolic cause: of osteoporosiz and
fractures [3, 7, 11].

Te facilitate diagnosis, the most charactenistie
features of O have been deduced: hereditary
history or recurrent fractures; idiopathic fractures
and'or bones ecalluses; shert stature; blue sclera;
imperfect dentinogenesis; progressive hearing loss;
ligament weakness; "fish" wvertebrae, az a result
of compression fractures of the spine (mainly in
adult patients); wormian (additional) bones i the
region of the sutures of the skull (up to 4-6 mm)
diameter; acetabular protrusions; low bone density
(radiological, densitometry). The key diagnestic point
of O 1z the generalization of the nature of connective
tissue defects, which can be in vanous combinations,
in particular, facial defects (triangular er flattened
skull, blue selera, opal teeth), maecrocephaly,
chest deformity (barrel-zhaped or funnel-zhaped),
bypermebility jomnts, merphelogical changes in the
vertebrae, growth retardation [1, 8, 11].

The International Osteoporosiz Foundation
recommends the use of reference markers of bone
metabolism 1n all elinieal sindies, pamely markers
of bone resorption (type I collagen C-terminal
telopeptide, CPT) and bone formation (type I pro-
collagen N-propeptide, PINF).

Genetic research 1s used to diagnose mild forms
of OI and in the abzence of characteniztic phenotypic
traits. Determining the type of Ol 1s important for
assessing the severity of the disease, predieting
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 1o theiwr child Next generation
segquencing (NGS) can be used to analyze the entire
exome using panels with known genes respensible
for OI[1. 7, 12].

Differentizl diagnosiz of hersditary dizeases of
connective fissue is difficult in connection with the
expressed clinical pelymorphism and similanty ef
chimcal dizplays at varous diseases of thiz group.
The exact diagnosis can be established on the basis
of melecular genetic research, which mn its twm
will allow timely choice of tactics of the patient.
Dafferential diagmosis 1z performed with other
connective tissue dysplasias (Brocke's syndrome,
Carpenter's syndrome, hypophosphatasia, Ehlers-
Danlo syndrome, osteoporosis-pseundoglioma
syndrome, idiopathic juvenile osteoporesis, ete ) [11].

Treatment of patients with Ol 1s symptomatic and
depends on the severity of the course. The goal of
treatment is to reduce the frequeney of fractures,
increase mobility and independence, reduce pain,
timely detection and control of extrazkeletal
manifestations, and prevention of drug therapy side
effects. Patients with Ol need a team multidisciplinary
approachthatincludes apediatrician, endocrninologist,
rehabilitation specialist, orthopedic traumatologist,
geneticist, dentist, audielegist, psychologist, and
social worker [1, 7.9, 12].

For many wyears (since 1987) the main method
of therapy has been the use of bisphosphonates.
The assessment of the dynamies of treatment with
bisphosphonates 1z carmed out by analyzing clinical
and anammnestic data, the results of X-ray densitometry
[6]. RANWEL iphibitors, ostecanabolic drugs,
including human parathyroid hormone analogues,
sclerostin inhibitors, TGE mmhabitors, and others are
currently undergoing clinical trials. The main 1dea
of cell replacement therapy is the transplantation of
bone marrow or mesenchymal stem cells 1o order to
obtain a pool of cells capable of producing cellagen.
The task of surgical treatment 15 timely and effective
osteosynthesis of fractures, comection of deformities
of long bones and seeoliosis. Monitoring the course of
the dizease is cammed out using radiological methods.
Rehabilitation therapy consists in restoring the motor
activity of patients after fracturez and operations,
which is the basis for maximum physieal aetivity in
patients with OL Physical therapy should begin in
early childhood and include aerobic exercize, muscle
strengthening exercises, and walking protectors.
Exercises to increase musele sirength (isotonic
and anti-gravity, aercbilc exercises) are performed
between crthopedic interventions. Patients should
alse be encouraged to swim in the poecl. Children
and their parents need psychological support for
social adaptation, az well az for learming to walk
after correction and osteosynthesis of fractures.
Correction of secondary dizeases i O, in particular,
heanng loss, basilar intussusception, 13 camed out 1o
specialized institutions according to the developed
coordinated programs [1, 7, 9].

Clinical case

The child was bormm from the third desired
pregnancy, which took place against the background
of athreatensd abortion at § and 14 weeks of gestation,
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diffuse non-toxic goiter of the lst A degree, simple
flat pelvis, oligohydrammios; third patural labor at
38 weeks: of gestation. Outpounnogz of a2 small amount
of ammotic fluid was neted; the anhydrous interval
was 15 hours.

The first and szecond pregnancies ended with
the birth of healthy children in the physielogical
zestational age. The hereditary history of the mother
and father 1z aggravated by oncopathologzy.

The results of the screening antenatal ultraseund
examination of the fetms at gestational age 33-34
weeks showed that the length of the limbs of the fatus
comresponds to 25 weeks; no other abnormalities in the
examination of the fetus were found Alse diagnosed
with olizohydrammios and cord entanglement A
congenitzl malformation of the muscnlozkelstal system
of the fetus 15 suspected: atelosteogenesis, which must
be differentiated from campomelic dysplasia.

The child's body weight at barth was 2300 g, body
length — 43 em, head circumference — 31 em, chest
circumference — 2% em. Apgar score at the end of
the first monute of life — 6§ points, the fifth minute
of lifs — 7 points. At birth and in the early neonatal
period, the child's condition was regarded as moderate
due to modsrate respiratory dizorders, meurological
symptoms 1n the form of depression syndroms and
vegetative-visceral disorders against the background
of small size before the gestational age and congenital
pathology of the musculozkeletal system.

Phenotypically, congenital dwarfism with short
limbs, small earfilaginons skunll, hypertelornism,
depressed nose bridge, micrognathia, and suspected
campomelitic dysplazia were found.

After birth, an X-ray examination was performed
to help 1dentify fractures of the humerus.

Dunng 1tz stay in the neonatal intensive cars 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-enterz]l nufrition; antibiotic
therapy and phammacological/non-pharmacological
anesthesia. The child was consulted by specialist
doctors: a geneticist, 2 neurclogist, an orthopedist.

Based on the data of gemetic, climical and
instrumental examination of the ehild, 2 preliminary
clinical diagnesis was established: Osteogenesis
Imperfecta. Parents were offered a molecular zenetic
study the results of which revealed a mmtatien
e.2533G= A (p GlyB45Arg) of the COL1A] gene.

Molecular genstic 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 azsumed that the prezence of 2
hereditary pathology of the musculoskeletal system
in this child eecurred as a result of 2 new mutation.
After a comprehensive examination, the girl was
diagnosed with osteogenesiz imperfacta type II1

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

Conclusions

1. S1gnificant genetic and phenotypic polymorphizm
of OI, the absence of genotype-phenotype correlation,
similanity of clinical mamfestations, and the
complexity of diagnosis indicate the need for new
generation sequencing technologies. 2. Currently,
there are no standards for providing care fo patients
with I, and each patient needs an individual
approach when choosing drug therapy and planning
surgical treatment. 3. Further studis: ars nesded to
focus on the effectiveness of long-term treatment and
1tz impact on fracture rizk 1o large cohorts of patients
with different types of OL
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HEEH Td ETIHMED TECHE ¥ ERTIET] BEaTsipEe] TaMECCT] EICTOE Ta Jedopsanil kiEmises. Jaramesa gactora HO cTasoERTS
1:10 000-20 000 smsomspormensy BCTANOBTSHG OCHOSERE yTOCOMEQ-IOMINIETHHE MITEX YCOAIEYEANHE, IyT0COMEO-DEIE-
cEBE] Ta X-79enner] fOpPME, 8 TAE0E ONHCAE] Cmo| i ERmaIEE xBopoSE, MyTanii denovora cimefmml mMozaimmad. V 85 %
BHMATEIE MyTanil BEERES0TE B regax COL1IAL 1a COLIA?Y, mo npE3sogaTe O0 EiTEXiCHEN: Ta SEICHEX IMIH CHETEIY EOTSreHy
1 ramy. Kimxicsi JederTs ofyMoBTeE] ©OPMYBANHIM HYTECEOTD ATETS, OPE X0MY CTPYETYPS ECNATEHY He IMIHIOETRCE, 3 HOTO
EiTEEicTs 3HREYETECE EISiTi. 3 sxicEmx fedexTis HafGiism momupesml THO MyTanil Mo S3a=md i3 :asisown rTDHEEY =3 awi-
HOKECTOTY Gitemoro poamipy. Ile NpHABOIATE J0 NOPYMEEER Mpomecy GOPMYBIEER DOTPIEHOTO TAHIIOTA T3 CTPYETYPHHEX IMiE
MOTEEYIH OPOEOIareHy [ THITY.

¥ CTAaTTi DpenfTAEIEHC ETHITHNE BENAT0E HETOCEOHATOTo ocTeoremesy 1 Temy, copeouseswd MyTamiew resxa C0OLlal
(p.Gly845Arg), v EoBoEIpOTEeE0] TiETHEEN. AHTEHITATEED IISrH0CTOBAEC MATOBOJIE T4 BEOPOTEHHS EiHDIEOE, MICIE Eapo-
IEEEET PEHOTENOEO BEIEISHO BPOJEEHY EAPIHECEICTE 1 EOPOTEEME KiENIEEIME, MATi poIMipE XPEMOECTO 9Epeld, rinepre-
TOPHIM, ETHECHYTE DEPEHICCE TA Mixpor=aTi:n. [IpH peSTTeH0TOrITHOMY oOCTeEEeHH] JISTHOCTOEAED NEPETOME NIST0EEE EiCTOE.
PesyIsTaTH MOTSEVIIPH0-TeHETHTHOID JOCIITRESHE ERTERTE MyTamim ¢.2533G=A (p.GlyB45Arg) resyCOL1AL

MoTeEyISpHEe-TeESTHTES 0OCTEEEHHEE TISHIE POTHEN (M3TE, GATEED T2 i piosi cecTpR mpofaEns) E: ERSERTO DaTOTOTITED-
ro 47678, TarE0CTOREEOND ¥ OpeblaEns, TodTe HIpoIseHEE JATHEE 3 (DATE0BOR: DSTON0TIER OMOpHO-PyE0BOTO SMapary CTAT0CE
B PEIYIETATI HOBOL MyTamil.

Kaw4osi caoBa: HelaBepMmeHENE ocTecTeHed; MyTami rexy COL1al (p.GlyE45Are); syTanis de nova.
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