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BIOCHEMICAL AND BIOMECHANICAL SUBSTANTIATION
OF REPARATIVE REGENERATION OF INTERVERTEBRAL
DISCS IN PATIENTS WITH DEGENERATIVE DISC DISEASES

Degenerative disc diseases occupy the second place in the overall
structure of morbidity with temporary disability. In 40% of patients with
spinal osteochondrosis, diseases of the locomotor apparatus and connec-
tive tissue cause primary disability. Disc degeneration is a pathological
process that is the main cause of low back pain and is observed in the
vast majority of people at some point in their lives. The influence of me-
chanical stress leads to degenerative changes in the tissues of the nucleus
pulposus of the intervertebral disc. Limited transport and low cellular
saturation of the discs hinder recovery, make the intervertebral disc par-
ticularly vulnerable to injury, and contribute to the appearance of mor-
phological tissue damage associated with the processes of biological
aging. The pathological process involves all structural elements of the
intervertebral disc. The earliest manifestations of disc degeneration usu-
ally occur in the nucleus pulposus, where a reduced content of proteo-
glycans disrupts mechanical function, which leads to progressive mor-
phological degeneration of the entire intervertebral segment. Existing
treatment methods (both surgical and conservative) are not able to adjust
the number of cells in the nucleus pulposus and are unable to stop the
pathological process in the intervertebral disc. Prevention of degenera-
tion or repair of the intervertebral disc is a potential treatment for lumbar
pain syndromes. Cell therapy has become a subject of great interest, as
new research reports significant regenerative potential for many cellular
sources, including the regeneration of the nucleus pulposus region of the
intervertebral disc. The use and implementation of modern cell therapy
in practical neurosurgery allows us to approach the problem of interver-
tebral disc degeneration at a new qualitative level with the use of mul-
tipotent cells, biochemical peptides in the reparative processes of the
nucleus pulposus, as a possibility of treatment and prevention of ver-
tebrogenic pain syndromes in the future.
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Introduction

BIOXIMIYHI TA BIOMEXAHIYHI OBIPYHTYBAHHS
PEIMIAPATUBHOI PETEHEPAIIII MIXKXPEBIEBUX JMCKIB
Y XBOPHUX 3 JEI'EHEPATUBHUMHU 3AXBOPIOBAHHSIMU
XPEBTA

JlereHepaTHBHI 3aXBOPIOBaHHS XpeOTa 3aiiMaroTh Apyre Micue B 3a-
TaNBHIlN CTPYKTYpi 3aXBOPIOBAHOCTI 3 THMYACOBOIO BTPATOIO IIpare3/a-
THOCTI. 3aXBOPIOBAaHHS OIIOPHO-PYXOBOTO alapary Ta CIOIyYHOI TKaHHU-
HE Y 40 % maIieHTiB 3 OCTEOXOHIPO30M XpeOTa BUKINKAIOTh IEPBHUHHY
iHBayiHicTh. JlereHepaiis AMCKY — LI MaTOJIOTIYHHUH Tpolec, SIKUH €
OCHOBHOIO IIPHYMHOI0 BUHUKHEHHsI OOJIO B IONEpeKy Ta TypOye mepe-
Ba)XHY OUTBIIICTB JIFOJICH B ICBHUI MOMEHT IXHBOTO KHUTTs. BIme Me-
XaHIYHOTO HaBaHTa)XEHHs NPU3BOJUTH JI0 JETCHEPAaTHBHUX 3MiH B TKa-
HUHAaX IIyJILIO3HOTO siapa MixxpeOueBoro aucky. OOMexkeHHH TpaHc-
TOPT 1 HU3bKA KIITHHHA HACHYCHICTh NUCKIB MEPEIIKOKAIOTh BiTHOB-
JICHHIO, POOIATh MIXKXPEOIICBHIA AMCK OCOOIMBO BPA3IMBUM JO TPABM Ta
CHPHSAIOTH TOSBI MOP(OJOTIYHMX YIIKOKEHb TKAHUH IIOB’S3aHHUX 3
mporiecaMu OioJorigHoro crapinHs. [latonoriyHmid mporec MOMIHMPIO-
€ThCA Ha BCI CTPYKTYpHI €IEMEHTH MIXXpeOIeBoro MucKy. HaiOimbm
paHHI IposIBH JAereHepauii AUCKYy 3a3BUuail BinOyBalOTHCS B ITYJIbIIO3-
HOMY sIIpi, Jie 3HMXKEHUI BMICT NPOTEOINIIKaHIB MOPYLIYE MeXaHIuHY
(YHKIIIO, 1[0 MPHU3BOJIUTH J0 MPOrPECyr0d0i MOP(OIOTIYHOI IereHepa-
il BChOIO MDXKXpPEOLEBOro CErMeHTy. ICHyIodi MeToaH JIiKyBaHHS (SK
XipypriuHi, TaKk i KOHCEpBATUBHI) HE 3/1aTHI KOPETryBaTH KiUJIbKICTh KIIi-
THH IYJBIO3HOTO S/Ipa Ta HE MOXYTb 3yIMHHUTH MATOJIOT1YHUN TPOIIEC Y
MixxpebreBomy mucky. IIpodinaktuka mereHeparii abo pemapariis Mi-
JKXpeOIEBOr0 AUCKY € MOTCHIIHIM JIKYBaHHIM IS TIOTICPEKOBHUX 0O-
THOBUX cHHApoMiB. KimiTWHHA Tepamis craja mMpeIMeTOM BEIHKOTO iH-
Tepecy, OCKUIBKH HOBI JOCIIKEHHS MOBITOMIISIOTH PO BEJIMKHUHA pere-
HEepaTHUBHUI MOTEHIia) [yIsi 0araThb0X KIIITHHHUX JUKEPEN, B TOMY YHCII
i U1 pereHeparlii 00JacTi MyJbIO3HOTO SIPa MIKXXPEOIEBOrO HCKY.
BukopucTaHHs 1 BOPOBaPKEHHS B NIPAKTHYHY HEHPOXIpYprito cy4acHoi
KIITHHHOI Teparii, 103BOJIsI€ MiAIATH O BUPIIICHHS MPOOIeMHU JereHe-
patiii MbKXpeOLeBOro AUCKY, Ha HOBOMY SIKICHOMY piBHI i3 3acTOCyBaH-
HSIM MYJIBTHIIOTEHTHUX KIIITHH, 010XIMIUYHHMX MENTH/IB B perapaTUBHUX
mpoIiecax MyJIbIIO3HOTO S/pa, K MOKIMBOCTI JIIKYBaHHSA 1 MPoQiTakTh-
KH B Mall0yTHROMY BEPTEOPOTeHHHX OOJHOBHUX CHHIPOMIB.

Kiar4osi cioBa: MikxpeOleBuil TUCK, MYyJIBIIO3HE AP0, KIITHHHA
Teparlisi, TpaHCIUTaHTallis, IeTeHePaTHBHI 3MiHH, penapartis.
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which is about 4% in the structure of locomotor

Epidemiology. In Ukraine, degenerative disc
diseases occupy the second place in the overall
structure of morbidity with temporary disability,
second only to respiratory diseases. In the structure
of peripheral nervous system diseases, the specific
weight of spinal osteochondrosis (degenerative-
dystrophic changes of the spine accompanied by
pain syndrome) it takes up approximately 70% [1].
Every year, more than 320 thousand new cases of
spinal osteochondrosis are registered in Ukraine,

apparatus diseases [2]. In 40% of patients with
spinal osteochondrosis, diseases of the locomotor
apparatus and connective tissue cause primary
disability [3].

Intervertebral disc (IVD) injuries and age-
related degeneration contribute to lower back pain
[4]. Disc degeneration is a pathological process that
is a common cause of lower back pain, a painful
condition that occurs in about 85% of all people at
a certain period of their life [1, 2]. Intervertebral
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disc degeneration (IVDD) is one of the most
common causes of persistent disability associated
with debilitating pain in the elderly [2, 3].

Anatomical features of the vertebral-motor
segment. Being located between two adjacent
vertebrae, the discs consist of an external fibrous
ring (FR) that surrounds the central gelatinous
nucleus pulposus (NP). The fibrous ring is
populated by fibroblast-like and stem cells, in the
outer part it consists mainly of type | collagen,
while type Il collagen is contained mainly in the
inner part (closer to the NP). Along with this type
of collagen, it also contains a small amount of type
V (3%), VI (10%) and IX type (1-2%) collagen.
The FR's main function is to contain the circular
loads that occur when the NP swells, and the
extensional forces that occur during bending or
twisting. NP consists mainly of negatively charged
proteoglycans and type Il collagen fibers,
irregularly located in the hydrated matrix, rich in
proteoglycans (about 80% of water by dry weight).
Type Il collagen amounts for about 80% of the
nucleus pulposus collagen, 15% is type VI
collagen, 1-2% is type 1X collagen, close to 3% —
type XI collagen, and 1% — type IlI collagen. The
NP functions mainly to counteract and distribute
compressive loads at high swelling pressure [5].

Limited transport and low cellular saturation of
the discs prevent recovery and make VD
particularly sensitive to injuries, contribute to the
appearance of morphological tissue damage
associated with the processes of biological aging.
[6, 7].

IVD degeneration is a widely recognized factor
for lower back pain and is characterized by an early
decrease in the number of cells in the NP area and
associated changes in the extracellular matrix,
decreased hydration, and progressive degeneration.
Pathological changes in the IVD affect all its
structures. The earliest manifestations of disc
degeneration usually occur in the NP, where
reduced proteoglycan content disrupts mechanical
function, which leads to progressive structural
deterioration of the entire intervertebral joint [7,8].
Prevention or reparation of 1VDD is a potential
treatment for lumbar pain syndromes. While the
main cause of IVDD is usually associated with a
decrease in the number of NP cells, modern
treatment  strategies  (both  surgical and
conservative) cannot replenish NP cells or stop the
pathological process and are mostly aimed at
relieving symptoms, rather than restoring the
structure and function of the disc [4, 9]

Cellular therapy and biochemical
substantiation. Cellular IVD therapy has been the
subject of extensive research, as recent research
reports great regenerative potential for many
cellular sources, namely autologous or halogen
chondrocytes, primary IVD cells, and stem cells.
There is considerable interest in cellular strategies
for the regeneration of the NP region of the IVD
[4,10].

NP cells originate from notochordal cells, which
either disappear or are replaced by chondrocytic NP
cells during development and differ from
neighboring intervertebral disc cells in the
expression of phenotypic markers and morphology.
It is proved that NP cells retain some notochordal
molecular markers. Adult human NP cells (nucleus
pulposus) lose this phenotype and morphology with
age, which contributes to progressive disc
degeneration and the occurrence of pathological
changes [10].

Cellular therapy by transplantation of progenitor
cells / notochordal NP cells has been proposed as a
way to stop the progression of disc degeneration. It
was found that the number of CD24-positive NP
cells significantly decreases with increasing degree
of disc degeneration. In addition, CD24-positive NP
cells have been shown to retain their multipotency
before differentiation and self-renewal potential in
vitro, suggesting that CD24-positive NP cells are
progenitor cells in NP. Further in vivo experiments
have shown that CD24-positive cell transplantation
can restore degenerative discs, as evidenced by the
increase in disc height detected by magnetic
resonance imaging, the restoration of the T2-
weighted signal intensity and the NP structure [11].

The influence of mechanical stress leads to
degenerative changes in the tissues of the NP of
IVD. As a result of in vitro study, it was found that
prolonged IVD compression significantly reduces
the expression of n-CDH markers (N-cadherin) and
specific NP markers (Brachyury, Laminin,
Glypican-3 and Keratin 19), reduces the level of
glycosaminoglycan (GAG) and hydroxyproline
(HYP), as well as the expression of matrix
macromolecules (aggrecan and type Il collagen)
[12].

It is proved that the NP cells are located in an
environment rich in laminin, which changes
significantly with age, including loss of water
content and changes in the structure of the
extracellular matrix, which can lead to the
development of 1\VVD degeneration. There is a great
interest in methods of reactivation of healthy
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biosynthetic active cells of the NP using
biomimetic peptides derived from laminin, in order
to use autologous cell sources for tissue
regeneration [4, 12].

It has been proved that the interaction of NP
cells with laminin promotes their adhesion and
biosynthesis, as a result of which the biomaterial
induced by laminin can be used to promote or
maintain the phenotype of NP cells [4]. The
selected laminin-mimetic peptide ligands were
studied for their ability to regulate the phenotype
and biosynthesis of human NP cells by expressing
the NP-specific markers agrecan, N-cadherins, type
I and Il collagen, and GLUT1 (Glucosetransporter
1) [12].

As a result of further research, laminin-111
(PEG-LM111) hydrogel was developed. The
mechanical properties of the PEG-LM111 hydrogel
may be adjusted in the range of dynamic loads
previously set for the human IVD [4]. The
substrates  conjugated  with  the  peptide
demonstrated the ability to stimulate the expression
of specific markers of healthy NP, as well as
increased biosynthetic activity [12, 13].

The use of human umbilical cord mesenchymal
stromal cells (HUCMSCs), which have their origin
in Wharton jelly, remains a priority due to their
ability to differentiate into multiple lines.
Mesenchymal stem cells (MSCs) have been studied
as a potential source for disc tissue regeneration.
The data showed that pseudo-three-dimensional
culture conditions (enriched with laminin-1) in the
absence of serum promote differentiation of
HUCMSCs. Starting from day 1 of the study,
HUCMSCs demonstrated a cell clustering
morphology similar to that of immature NP cells in
a similar laminin-rich culture system [13]. It was
found that differentiated HUCMSCs contain
glycosaminoglycans that express the extracellular
matrix proteins collagen II and laminin a5, laminin
receptors (integrin o3 and (4 subunits), and
therefore have the potential to differentiate into

Conclusions

Thus, the use of modern cellular therapy allows
us to approach the problem of 1\VD degeneration at
a new qualitative level with the use of multipotent
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