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Summary

Some promising clinical results of hematopoietic stem
cell transplantation (HSCT) are reported in severe au-
toimmune diseases. When treating the patients with
systemic scleroderma (SSD), histological evaluation of
skin fibrosis includes scoring of myofibroblasts that are
associated with excessive deposition of extracellular ma-
trix components. The aim of our study was to evaluate
morphological condition of skin in SSD patients before
and after transplantation of autologous hematopoietic
bone marrow stem cells.

Patients and methods

Twenty-eight patients were observed at the National Re-
search Medical Center (Nur-Sultan), at the age of 45+11
years old (2 males, 26 females) with verified diagnosis
of SSD according to ACR/EULAR (2013). Duration
of the disease was 12+5.4 years old. Control group (12
persons) received conventional basic therapy Treat-
ment protocol for the main group included autologous
HSCT. Resistance to immunosuppressive therapy was a
pre-requisite for HSCT.

Bone marrow aspiration was performed from the iliac
crest, the autologous mononuclear cells were isolated
in Percoll density gradient and incubated for 72 hours
at 37°C. Autologous HSCT was performed at a mean
dose of 88x10° cells in 200 mL of physiological saline
i/v over 3 hours. Clinical effect was evaluated by the rec-
ognized criteria (European Scleroderma Trials and Re-
search Group, skin score by Rodnan). For morphologi-
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cal studies, the punch biopsies of tibial skin were taken
in 15 patients before therapy, and in 9 three months
after the treatment. The cellular therapy was accompa-
nied by improved skin condition. The paraffin sections
were stained with hematoxilin and eosin, as well as by
Masson-trichrome technique. For electron microscopy,
the skin biopsies were processed by conventional meth-
od, then being Epon-embedded. Semi-thin slices were
stained with Methylene Blue, Azur II and basic fuchsine.
For EM, the ultrathin sections were contrasted with ura-
nyl acetate and lead citrate.

Results

Skin of SSD patients before treatment was characterized
by induration and dystrophy and epithelial destruction,
sclerosis and hyalinosis of dermal connective tissue, pa-
thology of microcirculatory vessels. Ultrastructure of
myofibroblasts in the sclerotized derma was character-
ized by functional overload. The active participants of
fibrillogenesis were located in perivascular area, being
represented by lymphocytes and fibroblasts of a specific
SSD-specific population producing higher amounts of
collagen and interstitial matrix. However, three months
after HSCT, the main group of the patients exhibited a
pronounced clinical effect with sufficient decrease of
skin induration, reduced dysphagia, mitigation of mus-
cle contractures, couping vasospasm attacks (Raynaud
syndrome). Skin density was significantly decreased,
with Rodnan scores changed from 12.9 to 8.7 (only
1-point decrease in the controls). HSCT promoted bi-
odegradation of skin fibrotic tissue in SSD patients. The
myofibroblasts were subjected to destruction, multiple
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and prolonged capillaries were observed, the cell com-
position of perivascular infiltrate shifted to normal state.
Numerous phagocytic and secretory macrophages ap-
peared, thus suggesting angiogenesis induction, tissue
remodeling, regulation of fibroclast population, sup-
pression of T- and B-lymphocytes playing an important
role on SSD pathogenesis. Extensive telocyte connec-
tions presumed their participation in neoangiogenesis
and transmission of regeneration signaling.

Conclusion

Transplantation of cultured autologous hematopoietic
marrow stem cells in SSD patients promoted biodegra-
dation of sclerotized dermal layer, as well as angiogen-

Introduction

Studies in molecular pathogenesis of autoimmune activation,
vascular pathology and excessive fibrosis in systemic sclero-
derma (SSD) have provided basis for effective target therapy
aimed for immune modulation, antiproliferative and antifi-
brotic treatment of this disorder [1]. Over last decades, an
important role in successful treatment of autoimmune dis-
eases, e.g., SSD, is given to a complex multifaceted effects of
hematopoietic stem cell transplantation (HSCT) which suf-
ficiently increases efficiency of preceding high-dose immu-
nosuppressive therapy [2]. Recent clinical reports evaluating
HSCT for treatment of severe autoimmune diseases show
quite promising results [3]. As a rule, histological control of
skin fibrosis changes in the course of treatment includes enu-
meration of myofibroblasts that are associated with excessive
deposition of extracellular matrix components [4]. In cases
of positive clinical changes in the SSD patients after HSCT,
we were focused on the light microscopy, histochemical, and
ultrastructural changes of skin which may be connected with
therapeutic effects of the cellular therapy.

The aim of our study was to evaluate morphological and
functional state of skin from the SSD patients before and af-
ter autologous transplantation of pre-cultured hematopoiet-
ic stem cells from bone marrow.

Patients and methods

We have observed twenty-eight patients at the National
Scientific Medical Center (Nur-Sultan), aged 26 to 60 years
(2 males and 26 females) with identified diagnosis of SSD,
according to ACR/EULAR criteria [5]. The duration of the
disease was more than 3 years. In the frame of clinical ex-
amination, we performed general laboratory assessment,
immunological tests, CT of thoracic area, echo-CG with
measuring blood pressure in A. pulmonalis. All the patients
exhibited skin thickening on both hands, ulceration (3%),
digital ischemia (43%). Rainaud syndrome was expressed in
98% of the patients, teleangiectasias in 84%, esophagopathy,
in 51%. CT of thoracic area showed interstitial lung affection
in 35% cases, pulmonary hypertension in 15% of cases. Rod-
nan skin scores were determined before and after therapy.
The patients were divided into 2 groups without any signifi-
cant differences for age, duration of disease, and skin scores.

esis stimulation, restoration of epithelium and skin ap-
pendages 3 months after HSCT, thus corresponding to
improvement of clinical symptoms.
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The patients received the following basic therapy: plaquenil
(hydroxychloroquine) at 200 mg/day, prednisolone (a mean
of 6.9+2.1 mg/day), methotrexate (10-15 mg/week), azathi-
oprine (50-100 mg/day). The control group consisted of 12
patients. The main group (16 persons) was additionally treat-
ed with hematopoietic stem cell (HSC) transfusion. Resist-
ance to immunosuppressive therapy was a reason for HSAC
transplantation.

After clinical and laboratory examination of the SSD pa-
tients, 200 to 300 mL of bone marrow was aspirated via tibial
crest with local or peridural anaesthesia under sterile condi-
tions in the surgical block. Isolation of autologous mononu-
clear bone marrow cells was performed by centrifugation in
Percoll density gradient (Sigma Aldrich, P1644). The isolat-
ed cell were cultivation in DMEM medium (Dulbecco Mod-
ified Eagles Medium, Sigma Aldrich, D1145) with 10% FBS
at 37°C for 72 hours. Cell viability was determined by tryp-
an blue staining. Quantification of dual-positive CD45+/
CD34+mononuclear cells' count was done on the BD FACS-
Calibur flow cytometer (Becton, Dickinson and Company,
BD Biosciences, San Jose, CA, USA).

Transfusion of autologous cultured HSCs was carried out in
physiological saline (a mean of 140x10° cells per 200 mL)
intravenously dropwise, at a rate of 50 mL/h. Clinical effi-
ciency (Rodnan skin scores) was evaluated by the criteria of
European Scleroderma Trials and Research Group [6].

Tibial skin bioptates were taken using punch biopsy in 15 pa-
tients before cellular therapy and in 9 cases at 3 months after
auto-HSCT, upon clinical improvement of skin condition.
The paraffin-embedded samples were stained with H&E,
as well as by trichrome Masson staining (Bio-Optica,ltaly).
For electron microscopy, the skin biopsies were treated with
2.5% glutaraldehyde with postfixation in 1% OsO4, grad-
ually dehydrated in ethanol and acetone and embedded in
Epon 812 (Sigma, USA) according by routine technique [7,
8]. Semi-thin slices were stained with methylene blue, azur-2
and basic fuchsin by Humphrey and Pittman [9]. Ultrathin
slices were contrasted with uranyl acetate and lead citrate by
Reynolds. The examinations were performed at the Libra 120
electron microscope (Carl Zeiss, Germany).
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Results
Microscopic findings in the patients before HSCT

In the course of routine morphological examination, the skin
of SSD patients before treatment was indurated, being char-
acterized by dystrophy, atrophy, destruction of epidermis,
along with sclerotizing and hyalinosis of dermal connective
tissue, pathology of vascular microcirculatory flow. Upon
polychromic staining of semi-thin slices, we observed bright
fuchsinophylia and metachromasia of densely packed thin
fibers composing papillary and rough bundles of oedema-
tous reticular dermal layer (Fig. 1, A). Upon trichrome Mas-
son staining, the dermal connective tissue looked dense and
intensively blue-coloured.

Upon electron microscopic studies, the collagen fibers were
presented by disordered fibril bundles of irregular thickness
and optical density, with degradation signs (oedema, decon-
densation, granular and amorphous destruction). Patholog-
ical collagen forms, as cross-linked microfibrillar aggregates
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were also noted. The ribbon-shaped hyalinized fibers were
homogenous and dense. Desquamation of corneal scales
and thinning of the layers lead to ruptures and epidermal
desquamation, especially in the areas of pronounced sube-
pithelial sclerosis and hyalinosis of connective tissue. Single
sebaceous follicles, oil and sweat glands showed the signs of
dystrophy.

Microcirculatory network of dermal blood capillaries was
changed and showed polymorphic structure, dependent
on the degree of connective tissue fibrosis. Upon light mi-
croscopy, we observed either capillaries with hypertrophic
endothelial cells and proliferating pericytes, or obliterated
vessels with homogenized dark or light necrotized lining.
EM has showed endothelial necrosis in small capillaries
"immured" into the dense fibrotic tissue. The capillaries in
deeper dermal layers were lined by pathologically changed
dark cells with reduplicated, loosened and fragmented basal
membranes. Epithelium in less affected capillaries was sur-
rounded by hyperthrophic pericytes. Apoptotic signs and
full destruction of endothelial cells were noted.

Figure 1. Skin morphology of SSD patients before HSCT: A, fuchsinophilia of sclerotized dermal tissue. Semi-thin slice.
Methylene Blue- Azur Il, Basic fuchsin staining dye at the 1000x magnification. EM photos: B, myofibroblast with
orthodoxal-type mitochondria and vacuolized GER; (, activated fibroblast with numerous GER channels and Golgi
dictyosomes ; D, lymphocyte with vesicles, dense and slit-like intercellular contact

62 CTT JOURNAL | VOLUME 9 | NUMBER 2 | JUNE-JULY 2020

@ cttjournal.com



| CLINICAL STUDIES

Myofibroblasts (MFB) comprised the major dermal cell pop-
ulation, along with non-differentiated cells and fibrocytes.
When studied by electron microscopy, the myofibroblasts
differed from fibroblasts by pronounced reduction of the
cell body with fibrils occupying more than a half of cyto-
plasmic volume. Electron microscopy of the MFB showed
swollen mitochondria, and orthodoxal-type mitochondria
with translucent matrix, reduced cristae, destruction of ex-
ternal mitochondrial membrane, as well as vacuolized and
destroyed canaliculi of the granular endoplasmatic reticu-
lum (GER), thus suggesting higher activity of these cells (Fig.
1, B). The MFB surrounded by closely adjusted bundles of
collagen fibrils were destroyed. The infiltrates composed of
lymphocytes, fibroblast-like and mast cells were located in
perivascular area. Just there, EM revealed scleroderma-spe-
cific fibroblasts, i.e., large elongated or triangle-shaped cells

without processes with high synthetic activity, dictyosomes
of Golgi complex and well developed GER and flake-like
intraluminal substance (Fig. 1, C). The lymphocytes with
large hyperchromic nucleus had smooth or villous surface.
Dense and fissure-like intrercellular contacts between lym-
phocytes and fibroblasts were noted, with numerous vesicles
in hyaloplasm of some lymphocytes (Fig. 1, D). Scattered
fibroclasts with typical plasmalemma protrusions resorbed
the collagen fibrils. Detritus and organelles of dead cells were
seen between the collagen bundles.

Clinical and morphological changes after HSCT

Three months after HSCT, the main group of patients exhib-
ited a pronounced clinical effect with sufficient mitigation
of skin induration and dysphagia, reduction of muscle con-
tractures, couping vasospasm attacks (Raynaud syndrome).

Figure 2. Skin morphology in SSD patients 3 months after autologous HSCT. A, reduction of density and staining in-
tensity of connective tissue. Increased amounts and proliferation of dermal capillaries, trichrome Masson staining;
B, vessels and macrophages with large vacuoles in the focus of rarefied connective tissue are seen in the semi-thin
section stained with Methylene Blue Azur Il and basic fuchsine dye at the 1000x magnification. EM photos: (, mac-
rophage with protrusions, large phagocytic vacuoles and small lisosomes; D, dense contacts between macrophage
and lymphocyte
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Skin density was significantly reduced, with decrease of Rod-
nan scores by 4.2 points (12.9 to 8.7) compared to 1-point re-
duction in control group. The SSD disease activity by EScSG
criteria was equally diminished from 3.9 to 2.5 points, both
in main and control group.

Acanthosis of basal cell layer with inclusions of large vacu-
oles argued for epidermal regeneration and transdermal flu-
id transport. Sweat glands and hair follicles appeared. After
staining with trichrome Masson decreased density and stain-
ing intensity of connective tissue was found, due to reduced
collagen deposition (Fig. 2, A). Myofibroblasts, located in
papillary layer, acquired elongated form and hyperchroma-
sia. When studied with EM technique, they proved to be
altered cells with vacuolized organelles and multiple sec-
ondary lysosomes. An increased number of small capillaries
with thin walls that were located in papillary layer and even
more numerous at the border of reticular layer (Fig. 2, A).

Perivascular space of the de novo formed vessels was char-
acterized by rarefaction of fibrous tissue and occurrence of
numerous macrophages with large bright vacuoles (Fig. 2,
B). Electron microscopy of capillary endothelium has shown
pronounced micropinocytosis. Thin and long protrusions
of presumable telocytes were seen in large quantities. These
cells had a wide perinuclear and peripheral part which rep-
resented thin processes with vacuoles, GER and mitochon-
dria. The intercellular contacts were thin and loosened, with
an area of numerous micropinocytic vesicles, or dense and
multiple contacts with different cell types. Rare activated
fibroblasts had smooth GER contours and pathologically
changed mitochondria. We have also seen lymphocyte-like
low-differentiated cells with large nuclei and electron-dense
hyaloplasm. The macrophages had long protrusions (egre-
podes), capturing the degraded material of collagen fibrils.
Large electron-bright vacuoles contained the rests of lysed
fibrils and small patietally located osmiophylic lysosomes u
(Fig. 2, C). Most macrophages contained multiple second-
ary lysosomes. Fibroclasts also participated in engulfment of
collagen fibrils. The macrophages with single large vacuoles
without egrepodes and small secretory microvesicles had
intercellular contacts with lymphocytes, myofibroblasts and
non-differentiated cells (Fig. 2, D).

Discussion

Myofibroblasts from sclerotized connective tissue of skin in
SSD patients before treatment exhibited signs of activation.
The more intact partner cells in fibrillogenesis were located
in perivascular area, i.e., activated lymphocytes and special
scleroderma-associated fibroblast population which produc-
es higher amounts of collagen and intermediate matrix [10].
Mononuclear cell infiltration in the areas of extracellular ma-
trix hyperproduction, like as signs of immunocyte activation
in scleroderma presume an important role of immune dis-
turbamces in SSD pathogenesis [11].

Transplantation of cultured HSC promoted biodegradation
of fibrotic skin tissue in SSD patients post-transplant. The
myofibroblasts were subject to destruction, the numbers and
length of capillaries were increased. Cellular composition
of perivascular infiltrate was also changed, compared to its
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previous condition associated with active fibrillogenesis. The
numerous emerging phagocytic and secretory macrophag-
es appeared, participating in the isolation of angiogenesis
inducers, tissue remodeling, regulation of the number and
activity of fibroclasts.

Extensive intercellular interactions of telocytes suggested
their participation at neoangiogenesis and transduction of
complex signals that regulate regeneration events [12].

Conclusion

Transplantation of cultured autologous hematopoietic stem
cells from the bone marrow to the patients with systemic
scleroderma disease promoted biodegradation of sclerotized
dermal tissue, stimulation of angiogenesis, restoration of
epithelial layer and dermal appendages within 3 months
after transplantation, thus correlating with distinct signs of
clinical improvement, as shown by decreased Rodnan skin
scores.
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Mopdonornyeckas oueHKa KoXu 60/1IbHbIX CUCTEMHOWA
CKNnepoaepmMueit [0 1 nNocne TpaHCnIaHTauumn remo-
NO3TUYECKUX CTBOJIOBbIX KNETOK KOCTHOr0 M03ra

Tanuna B. ®eporToBckux, Fama M. lllaiimapranosa, Manap6ek b. Ackapos, Aitnam A. XKycynosa,
Haranmsa A. KpuBopyuko, Tatbana I. Exenenxo, Camapryns Mapar

AO «HaumoHnampHblI HayYHBII MEAUIVIHCKUIL LIeHTp», I. Hyp-Cynran (Acrana), Kasaxcran

Pe3slome

Pesy/bTaTbl KAMHUYECKUX OTYETOB IIO OLIEHKE TPaHC-
ITAHTALY TEMOIIO3TUYECKIX CTBOMOBHIX Ki1eTok (' CK)
IIpY JIeYEHUMN TSDKEIBIX GOPM PasINyYHbIX ay TOMMMYH-
HBIX 3200J/I€EBaHMIT ABJIAIOTCA OOHANEKMBAIOIIVMIL. B
TUCTOIOTMYECKIUII KOHTPOJIb JVHAMUKY $16p0o3a KOXKI
B TIpolfecce JieYeHMsI OOIbHBIX CUCTEMHOI CKIIEPOep-
mueit (CCJI), Kak mpaBMUIO, BKIIOYAETCS CYeT MIOGU-
6p0o61acTOB, OTBEYAIIINX 3a M3OBITOYHOE OTIOKEHIIE
KOMITOHEHTOB BHEKJIETOYHOro MaTpukca. Llemp mccre-
TOBaHVsI COCTOSIA B OLleHKe MOP(}OPYHKIMOHATTBHOTO
COCTOSIHMST KO>KU OO/IBHBIX CHCTEMHOIT CKIIepOfiepMuelt
IO ¥ IIOC/Ie TPAHCIUIAHTALMM ayTOMOTMYHBIX TeMOI03-
TUYECKIX CTBOJIOBBIX KJIETOK KOCTHOTO MO3Ia.

naLlVIEHTbI n Metoabl

[Tox xmuHMYeckuM HabmofeHreM B HanumonanbHOM
Hay4YHOM MeIMIMHCKOM IieHTpe I. Hyp-Cynrana Haxo-
IMIOCH 28 OONIBHBIX, CpeIHMII BO3pacT 45+11 et (Myx-
YYH 2, )XeHIIVH 26) ¢ focToBepHbIM AmarHo3om CClJ
cormacio  ACR/EULAR, 2013. IIpopomKuTenbHOCTb
3abonmeBaHus1 cocTaBisaa 12+5,4 ropa. KoHTponbHyo
TPyIIILY, IOIYYaBUIYI0 6A3MCHYIO TEPAINIO COCTAB/ISIIN
12 yenoBek. B mpoTOKoN 7eueHNA OCHOBHON TPYIIIIbI
(16 uenoBeK) HOIOMHUTENBHO BKIOYAMN TPaHCDY3NIO
I'CK. OcHOBaHueM [Ig IPOBENieHVA TPAHCIUIAHTALNN
CTBOJIOBBIX KJIETOK IOC/TY>KI/Ia PE3UCTEHTHOCTD K VM-
MYHOCYTIPECCUBHOM Tepayn.

[Toce KIMHUKO-TA60PATOPHOTO OOCIENOBAHMS (OTIb-
Hpix CCJl mpoBopwiach acnupanys KOCTHOTO MO3Ta
U3 TpeOHs MOAB3IOLIHOM KOCTM B KommdecTBe 200-
300 M7 mOfi MECTHOM M/ SIMIYPajbHON aHEeCTe3Meil
B CTEPU/IbHBIX YCIOBMAX XMPYPIMYECKOTO OT/E/IEHN.
BrifieieHrle MOHOHYK/I€APHbBIX K/I€TOK IOTyYeHHBIX U3
AyTOJIOTMYHBIX K/IETOK KOCTHOTO MO3Ta, IIPOBOAVIIN
LeHTpUQYIMpOBaHMeM IIOC/Ie HAC/OeHMsA Ha TIpaju-
eHTHYIO Cpefy IUIOTHOCTM C JICIOnb3oBaHyeM Percoll
(Sigma Aldrich, P1644). BoigeneHHble KIeTKM KyIbTHU-
BupoBaau B cpene DMEM (cpema Vrma, mogndnnnpo-
BanHast Dulbecco, Sigma Aldrich, D1145) ¢ 10% FBS mpu
37°C B reuenne 72 4acoB. JKusHecrocoOHOCTb KII€TOK
OIIpefie/IAN OKpAllMBaHMEM TPUIIAHOBBIM CMHUM. Ko-
JIMYECTBEHHOE OIpefieieHNe IBOMHBIX MOTOXKITETbHBIX
CD45 + / CD34 + MOHOHYK/IEAapHBIX K/IETOK ITPOBOJM-
nu Ha mporouHoM rurtometpe BD FACSCalibur (CIIA).
[epenuBaHue ayTOMOTMYHBIX KyIbTUBMPoBaHHBIX HSC
IIPOBOAYIM B (PM3MOJIOTMYECKOM PAcTBOpe (B CpefHeM
140106 xmeTokx Ha 200 M/I) BHYTPMBEHHO KaIle/IbHO
co ckopocthio 50 /4. Kmmundeckyro sdpdekTuBHOCTD
(ouenky 1o mkare PogHaHa) OleHNMBaIN IO KPUTEPUAM
EBpomneiickoit rpynmbl MCCIENOBAHNMIA U MCCIENOBAHNIA
110 ckepopepmui (2017).

Marepnanom #yst MOpOTOrNIeCcKOro MCCIeTOBAHNS II0-
CITY>KW/I OMOIICUITHBINI MaTepyan KO>KU TOIeHM, B3SAThIi
METOMOM ITaH4-OMOICUN y 15 manyueHToB [0 KI€TOYHOM!
Tepanuy 1y 9 nanyueHToB Yyepes 3 MecsAla I0C/Ie TPaHC-
IJTAHTALMY TIPY KAVMHNYECKOM YIYYIIeHU COCTOSHIS
KOXXKHBIX IIOKpOBOB. lucromormyeckre mapaguHOBbIe
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Cpe3bl OKPAIIVBAIICh TEMATOKCHIVHOM U 903MHOM, a
TaKKe M0 MaccoH — TpuxpoM. J[jisi 97IeKTPOHHOI Mu-
KPOCKOINY OYMOIICHITHBIE KYCOYKI KOXKV IIPOBOAVIIN I10
00IIePMHATOI METOAVKE U 3aK/I0Yay B OmoH. [Tomy-
TOHKME CPe3bl OKPAIMBA/IN METIIEHOBBIM CHHIM, a3y-
poM — 2 u ocHoBHBIM ykcuroMm o C. Humphrey u E
Pittman [5]. YnbrpaTonkume cpe3bl gt OM KOHTpacTy-
POBaIN YPAHWIALIETATOM ¥ LINTPATOM CBUHIIA.

Pe3ynbrarthl

Kosxa 60onpubix CCJI 1o edeHnst HaXOgumaach B COCTO-
SHUV MHAYPALUY ¥ XapaKTepy30Baaach ANCTPOQUelt,
arpodueil M HeCTPyKIVel SNMAepMICa, CKIepO3Npo-
BaHMEM U TMaIMIHO30M COEVHNUTEIbHOI TKAHU JIepMBI,
IIATOJIOTMEl COCYAOB MMKPOLMPKYIATOPHOTO PYCTIa.
YiaprpacTpykTypa Muoguoépo61acToB, pacHoIoXKeH-
HBIX B CK/IEPO3MPOBAHHOII JlepMe XapaKTepu3oBamach
IpusHaKaMy QYHKIMOHATbHOM IIeperpysKi. AKTHMBHBIE
YJYaCTHMKM Ipoljecca ¢p1bpuIoreHesa pacioaaramich B
HepUBACKY/LAPHON 30HE M ObUIM MpPECTAaBICHBl VM-
dounramu n ¢ubpobdractamy 0cobol CKIepomepma-
crienudUIecKorl MOMY/IALNY, IPOFYLVPYOMUMA II0-
BBIIIEHHOE KOJIMYECTBO KOJIATeHa M MeXXYTOYHOTO Ma-
TpPUKCA.

Yepes Tpu Mecsana nocne Tpancmnantanyy [CK B oc-
HOBHOJI TPYyIIlE MaleHTOB OTMEYasiCs BbIPa’KEHHBIN
KIVHIYIECKNIT 9 (eKT CO 3HAYNTETBHBIM yMEHbIIIe-
HIEeM MHAYpaLuy KOXU, AuCparmy, KyIMpOBaIiCh
MBIII€YHbIe KOHTPAKTYPbl, YMEHBIIANINCh HPUCTYIIbI
BazocnasMa (cuHgpoM PeitHo). [JocToBepHO yMeHbIIa-
JIMCh IVIOTHOCTD KOXKM CO CHIDKEHNMEM KOXKHOTO CueTa
no PopHany Ha 4,2 6amrta ¢ 12,9 o 8,7 (B KOHTPO/Ib-
HOII rpymme — jminb Ha 1 6asmr). Tpauncmmantanys FCK
crocobcTBOBaa Guoperpaganyy GUOPO3HON TKAHU
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koxy 6onpHbIXx CCJl ocHOBHOU rpymmbl. IlogBepra-
JIUCh AeCTPYKLuM MuopuOpoOIacTsl, YBEININBATIOCH
KOJIMYECTBO ¥ MPOTSHKEHHOCTDh KaIlMJUIAPOB, MEHANICSA
KJIETOYHBIII COCTaB IepPMBACKY/LAPHOrO MHQUIbTpara,
HAIpaB/ICHHbII PaHee Ha aKTUBHBII Iporecc Gpubpu-
noreHesa. IloAB/ANNCD MHOTOYMCICHHBIe (Haromy-
TapHble VM CEeKpeTOpHBble MaKpodary, yyacTByHOLIye B
BbIJIe/ICHNY MHAYKTOPOB QAHTMOTE€He3a, PeMOJeIpO-
BAHMM TKAHM, PETYIALUY KOMNYECTBA U aKTMBHOCTHU
¢ubpokmactos, cympeccun T- u B-nmumdorurapHbx
MeXaHM3MOB MIMMYHNTETA, UTPAIONINX Ba)KHYI0 POJb
B matoreHeze CCJI. O6uipHble MeXK/IETOUHbIE CBS3M,
MIPEATIONIOKNTE/IbHO, TETOLNUTOB CBUETEIbCTBOBAIN
006 VX yJacTuy B HEOAHTMOTeHese I TIepefiade CIOKHBIX
PErynmMpyoNnX CUTHAIOB B IIPOIjecce pereHepannm.

BbiBogbl

TpaHCIUTaHTAUMsT Ky/IBTVBUPOBAHHBIX Ay TONTOTMIHBIX
TeMOIIO3TUYECKIX CTBOJIOBBIX KIETOK KOCTHOTO MO3Ta
6ompabiM CCJJ criocob6cTBOBama OGroferpafaym CKie-
PO3VPOBAHHON TKAHM EPMBI, CTUMY/LIIUN aHIVIOTeHe-
34, BOCCTAHOBJIEHMIO STINTETIVS U TIPUIATKOB KOYKI Yepes
3 MecsIIa moc/ie TPAHCIUIAHTALNN, YTO COOTBETCTBOBAIIO
[IPY3HAKAM Y/TyqIIEeHVIs] KIIMHIYeCKOIT CUMIITOMATKIL

Kniouesble ¢10Ba

CucreMHas1 CK/IepOREpMI, TPAHCIUIAHTAIVIA [€MOII03-
TIYECKMX CTBOJIOBBIX KJI€TOK, KOCTHBI MO3T, MOP]oIo-
IV KOXKIL.
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