YK 611-013.8:616.216:59

DERYABINA O., '"MININ Y., '"KARAS G., '/KUCHERENKO T., °MASLOVA O.,
’SHUVALOVA N., *DERIABIN O., ’TARASOV O.,
"MININA A., ’KORDIUM V.

HUMAN UMBILICAL CORD-DERIVED
MESENCHYMAL STEM CELLS PROMOTE REGENERATION
OF NASAL MUCOSA ATROPHY

!State Institution «O.S. Kolomiychenko Institute of otolaryngology
of National Academy of Medical Sciences of Ukraine», Kyiv, Ukraine;
“State Institution «Academician M.D. Strazhesko National Scientific Center
«Institute of Cardiology, Clinical and Regenerative Medicine»
of the National Academy of Medical Sciences of Ukraine», Kyiv, Ukraine;
IState Scientific Control Institute of Biotechnology and Strains of Microorganisms,
Kyiv, Ukraine

Mesenchymal multipotent stromal cells
(mesenchymal stem cells-MSC) today are the
most promising and widely used means of cell
therapy [1-5]. Important biological characteris-
tics of MSCs of various origins include their
low immunogenicity, the ability to migrate to
the focus of damaged tissues with further dif-
ferentiation into specific cells under the influ-
ence of microenvironmental factors, stimula-
tion of hematopoiesis and immunomodulating
activity This allows considering this type of
cells as potentially active inducers and regula-
tors of regenerative processes in the recipient's
body [6-11]. Common sources for their obtain-
ing are bone marrow (as historically the first)
[12] and adipose tissue [13-16] (as practically
the unlimited source of autologous MSC)
though this type of cells may be isolated from
many tissues of adult organism, for example
muscle [17], peripheral blood [18], lung [19],
heart [20], dental pulp [21], endometrium [22],
etc. Such tissues as placenta [23], amniotic
membrane [24] and Wharton jelly [25] that are
obtained after delivery (so, they are the sources
of adult MSC but are formed in early embryo-
genesis), become more and more popular due
to the fact that the cells isolated from them
have several advantages comparing with cells
from other sources [26-28]. Essential of them
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are the absence of ethical problems, non-
invasive procedure of material obtaining, ex-
pression of several markers characteristic for
embryonic cells [29]. This last, explains their
possibility to differentiate not only into bone,
cartilage and fat, but quite easy give other cell
types such as myocytes and neural cells.
According to numerous publications [30-
36], using of different enzymes, such as hyalu-
ronidase, collagenase, trypsin or their combina-
tion allows obtaining of great amount of cells
without methodological problems. Our results
obtained in processing of more than 300 umbili-
cal cords showed that this approach is not suita-
ble in every case. First of all, enzymes can effect
cell surface and receptors on it. That’s why it’s
better to use the method of explants, which is
also sometimes described in scientific literature
[36]. Second, as has been described in our pa-
tent [37] the method for MSC isolation from
hUC depends on the organometric characteris-
tics of the cord. Taking into account the previ-
ous note about the possible damage of cell sur-
face receptors by enzymes, in our work we have
chosen cords with organometric characteristics
that required MSC isolation by explants.
Chronic diseases of the upper respiratory
tract, accompanied by atrophic changes of the
mucous membrane, are very common and re-
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quire constant attention and the implementation
of appropriate preventive and curative
measures. However, medical management of
such conditions and clinical manifestations
caused by them remains extremely conserva-
tive, symptomatically oriented and requires
further scientific improvements [38].

One of the modern methods of influence
on functional and morphological state of tis-
sues in atrophic processes may be applications
of regenerative medicine, including cell thera-
py. The discovery of stem cells and study of
their properties and potential allowed obtaining
new perspectives to investigate biological pro-
cesses and treatment of hereditary and degen-
erative diseases. The most promising for use in
cell therapy are multipotent mesenchymal
stromal cells (MSCs).

The aim of the work was to study the
possibility of WJ-MSC use for recovery of
model animals with atrophic rhinitis and resto-
ration of their nasal mucosa.

Materials and methods

MSC isolation and propagation

Method has been described earlier [39].
Shortly, umbilical cords (UCs) were received
after in time delivery, minced into small frag-
ments and cultivated in appropriate nutrient
medium with all the additives known for
MSC.MSC “crawled” out of the pieces, formed
colonies, and after the formed 70-80% confluent
layer, they were detached from the surface by
usual method and replaced into new flasks. Such
procedure was performed two times, and the
cells at the second passage ex vivo were charac-
terized by morphology and surface markers
(positive and negative for MSC) and used for
introducing into model animals.

MSC morphology vb

Cell morphology was characterized by
haematoxylin staining according to standard
procedures [40].

MSC phenotype

Surface markers of MSC (positive CD73,
CD90, CD105 and negative CD34) were de-
tected by FACS analysis on BD FACSAria cell
sorting according to standard protocols [41]
using FITC or PE-labeled primary antibodies.

Atrophic rhinitis model in mice

Atrophic rhinitis in mice was developed
based on [42] report with authors’ modification
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[43]. Shortly, 3 pathogenic strains of Pas-
teurella were used to develop atrophic rhinitis
in mice, which was confirmed by clinical and
morphological characteristics.

MSC transplantation into model animals

MSC (characterized, on the 2™ passage)
were injected intravenously into tail vein
(1x10° per mouse), and the experimental ani-
mals have been observed for 1 month. Each
experimental group consisted of 5 animals.
Animals’ clinical state was examined once a
week. After the time of the experiment, the
post-mortal morphological study was per-
formed.

Morphological study of nasal mucosa

The assay of general morphological pic-
ture was performed with common methods for
slice staining with haematoxylin-eosin [40].

Results

MSCs isolated from WJ-UCs by their
morphological characteristics fully correspond-
ed the demands for this type of cells: they had
typical spindle-shaped morphology (Figure 1).

Evaluation of surface markers’ expres-
sion also confirmed that the isolated from WJ
cells belonged to MSC-they matched minimal
criteria for defining MSC [44]. they showed
high — expression level of positive surface
markers typical for MSC (CD73, CD90 and
CD105) and almost no expression of CD34,
which is characteristic for hematopoietic cells
(Figure 2). The data confirmed the adequacy of
method used for MSC isolation and propaga-
tion in culture, and their suitability for trans-
plantation into model animals.

The model of atrophic rhinitis was de-
veloped in mice. It has infectious genesis, so to
prevent infection of the researchers and to stop
the disease in animals, injection of antibiotic
during 3 days was performed.

Examination of clinical condition of the
animals after 1 month showed that experi-
mental animals demonstrated lethargy, slowing
of movement, poor appetite, accumulation of
secretions in the nose, formation of crusts, and
dryness of mucous membranes. The decreasing
average body weight (12.3+0.6 g compared to
16.7+0.7 g in the control) was observed. Thus,
clinical observations suggest general toxic ef-
fect of Pasteurella multocida on mice and the
development of pathological process in the mu-
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cosa of the upper respiratory tract symptoms,
which in one month may indicate the develop-
ment of atrophy.

Morphological study of nose mucosa of
model animals compared with controls (unin-
fected mice), confirmed this assumption (Fig-
ure 3). Control mice were characterized with
the presence of typical picture of a thin layer
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of multiciliated epithelium with a thin layer of
connective tissue of the lamina propria of mu-
cosa vessels of different calibre (Figure 3A).
As for nasal mucosa of experimental animals,
destructive-dystrophic changes with signs of
epithelial desquamation and covert polymor-
phic cellular infiltrations and expansion of
blood vessels are present (Figure 3B).

Figure 1. Morphology of MSC, 2nd passage ex vivo. A. Typical morphology of 2nd (Passage MSC used for
transplantation in animals, unstained culture x100. B. Haematoxylin stained cell culture (2™ passage), x100.

To determine the therapeutic effect of
MSC on model animals with atrophic rhini-
tis, 30 days after infection with Pasteurella
and further treatment with antibiotics, mice
were injected MSCs from human umbilical
cord into the tail vein. Within one week, the
animals seemed more active, agile, with the
usual gusto and adequate nasal breathing.
Meanwhile, small amount of clear mucus
around the nose vestibule was observed in
33.0% of them. One month after the MSC
injection average mice weight was 14.5+0.6
g. Animals maintained normal activity, ate
well, their airways were free. The mucous
membrane of the pharynx looked pink and
moist. Without treatment with MSC mice
looked more lethargic, inactive, poorly fed,
that is markedly different from the animals of
experimental and control groups. The aver-
age weight of these mice was 12.6+£0.5 g.
Accumulation of thick mucus and crusts near
nasal vestibule of all the animals significant-
ly influenced free breathing. Oropharyngeal
mucosa was pale pink, poorly hydrated. At
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the same time, the weight of intact animals in
the control group was 16.6+£0.7 g and no pe-
culiarities in this group of animals were
found.

Morphological studies performed one
month after administration of MSCs into mice
with experimental atrophic rhinitis showed
active restoration of nose mucosa structure.
Prevalence of productive processes with the
growth of blood vessels in the mucosa lamina
propria and restoration of epithelial cover
structure.

Discussion

Taking into account the results obtained,
it could be concluded the following. Clinical
and morphological data showed positive effect
of human UC-MSC transplantation for resto-
ration of nasal mucosa in mice comparing
with untreated control. The mechanism of this
action is not fully clear. Presumably, such
results were gained due to the release of many
growth and nutrient factors present in MSC
[45]. Considering that human UC-MSC are
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xenogeneic for mice they are destroyed by the
animal immune system in several days and
only biologically active substances can have
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Figure 3. Morphology of the nasal mucosa: a) respiratory epithelium and own lamina (lamina propria) of
the mucous membrane with vessels und glandular formations in an intact animal; b) atrophically altered and
thinned nasal mucosa in an animal 14 days after the procedure for reproducing experimental atrophy. Staining

with hematoxylin and eosin. Ob. 40, ey. 10.

Conclusions

Main conclusions can be formulated as:
UC-MSCs possess strong therapeutical po-
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Abstract

Introduction: Mesenchymal multipotent stromal cells (mesenchymal stem cells-MSCs) are currently the
most promising and widely used means of cell therapy.

Common sources for obtaining them are bone marrow and adipose tissue, but now the umbilical cord and
placenta are gaining more and more popularity, since the cells isolated from them have a number of advantages
over other sources.

Aim: To study the peculiarities of human umbilical cord MSCs influence of on the regeneration of the mu-
cous membrane of the nasal cavity in experimentally induced atrophy.

Materials and methods: 30 laboratory mice were observed, which divided into two experimental groups
(10 animals each) and control group (10 mice). Clinical and morphological studies were perfoemed 1 and 2
months after the development of atrophic rhinitis.

Results: Umbilical cords were obtained after timely delivery, chopped into small fragments and cultured in
the appropriate nutrient medium with all supplements known for MSCs. MSCs migrated from the pieces, formed
colonies, and after the formation of a 70-80% confluent layer, they were detached from the surface in the usual
way and transferred to new vials. This procedure was performed twice, after which the cells were characterized by
surface markers (positive and negative for MSCs) and used for administration to model animals. Atrophic rhinitis
in mice was developed using 3 pathogenic strains of Pasteruella and confirmed by clinical and morphological
characteristics. MSCs (characterized, at the 2nd passage) were injected intravenously (1x10° per mouse) and ex-
perimental animals were observed for 2 months. The clinical condition of the animals was examined once a week.
After the end of the experiment, a postmortem morphological study was performed. Clinical and morphological
data showed positive effect of transplantation of human umbilical cord MSCs for nasal mucosa regeneration in
mice compared to untreated controls.

Key words: Mesenchymal stromal cells, multipotent stromal cells, human umbilical cord, atrophic rhinitis,
mucous membrane of the nasal cavity.
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Aunomayisa

Mema: Busuenns ocobmmBocteil BBy MCK mynoBHHHM NIOOMHHM Ha pereHepariito CIM30B0i 000I0OHKN
MTOPOKHUHM HOCA TIPH IHIYKOBaHIH B eKCIIEpUMEHTI aTpoil.

Mamepianu ma memoou: Ilix Harnsgom nepedyBanu 30 1abOpaTOPHUX MUIIICH, SIKI OyJIH PO3NOAUICHI Ha
nBi gocrigai rpynu (o 10 TBapuH) Ta KoHTpONBHY Tpymy (10 mumeit). [Ticns popmyBanHsS aTpodidHOTO PHHITY
yepe3 1 Ta 2 micsni Oyiu mpoBeieH] KITiHIUHI Ta MOPGOIOTIYHI TOCTIIKCHHS.
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Pe3ynomamu: Me3eHXIMaIbHI MYIBTHIIOTEHTHI CTPOMAJbHI KIITHHA (ME3eHXIMallbHI CTOBOYPOBI KIIITH-
HU-MCK) Ha chorojHi € HalOUIBII MEPCIIEKTHBHUM 1 MIMPOKO BUKOPHCTOBYBaHMM 3acO00M KJIITHHHOI Tepartii.
ITommpenumu oKepenamMu Ui iX OTPUMAaHHS € KICTKOBHI MO30K 1 )KMpOBa TKaHWHA, alie 3apa3 Bce OiIbIIoi mo-
IyJISIPHOCTI Ha0yBarOTh ITYITOBHMHA 1 IJIALIEHTa, OCKUIBKYM BUAUIEHI 3 HUX KIIITHHU MAlOTh psf IepeBar Iepen iH-
HIMMH JPKEpPESIaMHU.

[IymoBrUHYU OTPUMYBaH ITiCIIA CBOE€YACHUX TIOJIOTIB, TOAPIOHIOBAIN HA HEBEIUKI ()parMeHTH Ta KYJIbTHBY-
BAJIM y BIATIOBIJHOMY >KHBWIIBHOMY cepeioBuIli 3 ycima no6aBkamu, Bizomumu it MCK. MCK wmirpyBanu 3i
IIMaTOYKIB, YTBOPIOBAIM KOJIOHII, 1, micast GopmyBanHa 70-80% koH(]IOEHTHOTO mmIapy, iX 3BHYAHUM CIIOCO-
00M BIIKPIIUISIIM BiJ MOBEPXHI 1 epeMillyBasi B HOBI (uiakoHH. Taky mpouenypy NpoBOAWIN JBiYi, ITICIS 4OTO
KIIITHHY XapaKTepU3yBaJll IOBEPXHEBHUMH MapKepamu (MO3UTHUBHUMH Ta HeratuBHUMH it MCK) i BukopucTo-
BYBaJIM U1l BBEJCHHS MOJCIIBHUM TBapHHAM. ATpo(DiYHUil pHHIT y MuLIeH OyB PO3BHHEHUH 3 BUKOPHCTAHHAM 3
nmaToreHHux mramiB Pasteruella Ta migTBep pKeHuit KiiHIKO-MOpdoioridaoro xapakrepuctukoo. MCK (oxapak-
TEpU30BaHi, Ha 2-My Macaxki) BBOIWIN BHYTpIHBEOBEHHO (1%106 Ha MumIy) i cocTepiraiu 3a JOCITiTHUMHU TBa-
puHamMH npoTsiroM 2 micsriB. KiiHiuHui cTaH TBapuH JoCipKyBanu 1 pa3 Ha TKAEHb. [licis 3akiHYeHHs Jacy
eKCIEpPUMEHTY MIPOBOAMINA MOCTMOPTaIbHE MOpdosoridae gocmimkennsa. Kiiniaai Ta Mopdororiyai gaHi moka-
3aJM MOo3UTUBHUHN edekT TpaHcmanTanii MCK mynoBruHM JIIOAWHY JUTS BITHOBJIGHHS CIM30BOi 000JIOHKH HOCA Y
MHUIIIEH TOPIBHAHO 3 HEOOPOOJICHUM KOHTPOJIEM.

Knrouosi cnosa: MeseHXIMaNbHI CTPOMANTBbHI KIITHHU, MYIBTUIIOTEHTHI CTPOMAJBbHI KIITHHH, ITyITOBHHA
JIFOJIMHU, aTpO(IYHUI PUHIT, CIIN30Ba 000JIOHKA IIOPOKHUHH HOCA.
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