OT TMOBPEXOAIOMEeH [03bI OONMydeHWs] (QZalNTUBHBIA OTBET), MPUYEM OH HE 3aBHCHT OT BEJIWYMHEI
MIPEABAPUTETHHOTO OOy ICHHS.

[NomyueHHbIe HAMH pe3yJbTaThl COTIACYIOTCS C JIMTEPATYPHBIMU JaHHBIMH, ITOKa3bIBAIOLIMMH, YTO Y
nukBuaTopos aBapuu Ha YADC noBpesxaaronme GpakTopsl B KPOBH COXPAHSIOTCS B KPOBHU Jlaxe cirycTs Oomee 20
JeT mociie aBapud [4]. Bo3MOXKHOW MPUYWHON 3TOTO SIBJICHHWS SBJSIETCS TO, YTO, KaK OBUIO TOKAa3aHO HaMH,
00JIyueHHE KPOBH InVvitro, CIIocOOCTBYET 3HAYMTEIILHOMY TIOBBIIICHHIO KJIACTOICHHOM aKTHBHOCTH, U OOJTyUCHHBIC
KJIETKH, TIPOMHKYOUPOBaHHBIE B HEOOTYUYEHHOW KYJIBTYPAIBLHOH Cpelle, MPOAIOIDKAIOT BBIACIATEH (haKTOPBI CTpece-
CUTHATA3AIHN.

PesynbraThl vicciienoBaHus MEXaHU3MOB JICHCTBHS U TIPHUPOJIBI «OarcTeHepy d(PQPEKTOB, UHIYIIUPYEMBIX
00JTydeHreM invitro ¥ MUPKYIUPYEMBIX B KPOBH OOJTyYEHHBIX JIFOJICH, BHOCAT 3HAYUTEIHHBIN BKIIA/l B IOHUMaHHE
HENpsIMBIX 3 PEKTOB paaHaIy U TIO3BOJIAIOT MOYYHUTh HOBBIE CBEIEHHS O MEKKIIETOYHBIX B3aUMOAEHCTBUSX [4].

Takum 00pa3oM, IpOBeCHHBIE HAMU UCCIICA0BaHMS [TOKA3aJIH, YTO:

1.JloGaBnerre 00JTydYEeHHOM MTa3Mbl KPOBH K HEOOTyUSHHBIM JTUM(OITITAM IPHUBOANT K YBEIHUCHHIO YHCIIA
CTPYKTYPHBIX abeppaiyid y HOCTIeIHUX

2. Munykuust spQexta cBumeTeNns CBsI3aHa ¢ BBIPaOOTKOM Mpemno0ydeHHbIMHI KIIETKaMH HEKoero (akTopa,
KOTOPBIH BBIZENSETCS B TIa3My, a He TIepefaeTcs IIPH PSMOM KOHTAaKTe MEXTY KICTKaMH.

3.daxTop CTpecc-CUTHAIM3aUUK OOMYYEHHBIX KIIETOK OOHApYKHBaeT B3aMMOCBS3b/ B3aMMOOOYCIIOBIICH-
HOCTb aJIANITUBHOTO OTBeTa U 3(h(eKTa CBUACTENs
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CoyneneHaipiireH KaH IUIa3MachlH CoyJieleHOereH JMM(OIUTTEpre KOCCa COHFBUIAPBIHAAFEI KYPBUIBIMABIK aOeppanusuiapIblH
CaHBIHBIH OCYyiHE SKeNeTiHi; Kyarep 3¢ (eKTiCIHIH HHIYKIMICH! aJJIBIH alla CoyJIeNICHIIPUIreH KileTkanapaa Oenrii 6ip ¢akTop eHaipyiMeH
OaiiJIaHBICTBI JKOHE OJ1 KJICTKANIAp apachlH/a TiKeNel KOHTAKT apKbUIbl OepiiMel, ria3Mara OOJIiHill IIBIFaThIHbL, COYJICICHICH KIICTKAIap/IbIH
CTpecc-CHrHANK3aLus (paKkTopbl aIANTUBTI Kayall eH Kyarep 3¢dexTici apachHIars! ©3apa KapbIM-KaThIHAC/03apa KeMiCyIUTIKTI TabaThIHBI
KepceTul.

Tlokazano, 4ro moOapieHHe OOMYYEHHOH IUa3Mbl KPOBH K HEOOTYyYEHHBIM JIMM(OIWTAM MPUBOJUT K YBEIWYCHHIO YHCIIA
CTPYKTYpHBIX abeppauuii y MociemHuX; MHAYKIWS d(QeKra CBHAETENs CBs3aHa C BBIPAOOTKOM INMpenoOIydeHHBIMH KIIETKAaMU HEKOEro
(akTopa, KOTOpBIH BBIICISCTCS B IUIa3My, a HE MEPEAACTCS IPH IMPSIMOM KOHTAKTe MEXAY KIETKamu; (DakTop CTpecc-CHrHaM3alun
00JTy4EHHBIX KJIETOK OOHAPYKHBACeT B3aUMOCBSI3b/B3aHMO00YCIIOBIICHHOCThAIAIITUBHOTO OTBETA 1 A(h(heKTa CBUICTEIISL.
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It is shown that the addition of irradiated blood plasma to the non-irradiated lymphocytes leads to an increase in number of structural
aberrations in the latest, the induction of bystander effect is associated with the elaboration of a factor by pre-irradiated cells, which is released
into the plasma but is not transmitted within direct contact between cell; the factor of stress-signaling of irradiated cells reveals the relationship
/ interdependence of adaptive response and bystander effect.

D.A. Bekbolsynov >, V.B. Ogay ', E.K. Raimagambetov’ and A.E. Mukhambetova '
MESENCHYMAL STEM CELL IN HYALURONIC ACID SCAFFOLD AS A THERAPEUTIC TOOL
FOR OSTEOARTHRITIS —- PRELIMINARY REPORT
(National Center for Biotechnology, Laboratory of Stem Cells, Astana, Kazakhstan.

Research Institute for Traumatology and Orthopedics, Department of Arthroscopy and Sport Injury, Astana,
Kazakhstan)

Mesenchymal stem cells (MSC) are currently in the focus of attention worldwide as a potential therapeutic tool for
osteoarthritis and other types of cartilage damage. Today, a broad range of MSC sources and scaffolds are being tested worldwide
to develop a novel cellular therapeutic product. To explore the efficiency of MSC derived from synovial membrane in hyaluronic acid
(HA), a rabbit model of osteoarthritis was created by introducing a full-thickness defect onto a cartilage of the medial condyle of
rabbit hind limb. Our preliminary results indicate a dramatic improvement in cartilage regeneration under MSC therapy. Also,
aiming to optimize culture conditions for MSC, we found optimal concentration of HA to be used for in vitro cell propagation and
transplantation.

Osteoarthritis (OA) is a disease that limits the motility of patients and is of considerable social and
economic importance. It affects at least 80% of elderly population in Kazakhstan [1]. Because cartilage tissue
is largely avascular and has very little progenitor cells in vicinity, its ability to self-repair is very limited. As a
result, the progression of the disease almost inevitably leads to serious destruction of joint surfaces, restriction
of mobility and impairment [2]. Existing therapeutic approaches to OA include complete substitution of the
damaged joint with artificial implants, which is restricted by the expense of the procedure [3], and autologous
chondrocyte implantation. The latter technique is widely used and has yielded some really promising results,
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however, the need to harvest chondrocytes from healthy tissue sites imposes unnecessary trauma and leads to
prolonged regeneration periods [4].

Mesenchymal stem cells (sometimes called mesenchymal stromal stem cells) present interest from the
regenerative medicine point of view due to their ability to differentiate into adipocytes, osteoblasts and
chondrocytes combined with the potent impact on immune effector cells maturation and proliferation [5]. For
the treatment of OA, MSC are a promising tool thanks to their chondrogenic potential, relative ease of
isolation and propagation, and ability to expand in vitro without loosing their multipotency [6]. These
characteristics have encouraged a range of preclinical studies in vitro [7] and in vivo [8], [9]. The majority of
these studies use MSC derived from bone marrow [10], [11] as the most well studied and easily isolated cells
with broad differentiation capabilities, however, the procedure of harvesting MSC from bone marrow is quite
traumatic.

In our research, we chose to use hyaluronic acid (HA) as a scaffold, as this is a naturally occurring
component of synovial fluid that provides viscosity, lubrication. to joints and is also capable of delaying
unwanted dissemination of newly transplanted cells away from the damaged site. We in the process found a
positive effect of HA on MSC proliferation, which is an additional advantage of this scaffold in the future
cellular therapy of OA. At first, we tested the effect of autologous MSC in HA scaffold for treatment of
cartilage defects in a rabbit model of OA. This was the first stage of the research. Having obtained
encouraging results, we continued our research to investigate the proliferative properties of human MSC on
the second stage of the research.

Materials and methods
Isolation of MSC and Creation of OA Model

Five skeletally mature female rabbits 10 to 12 weeks old were used in this study. Samples of synovial
membrane were aseptically harvested from knee joints of rabbits during the procedure of introducing cartilage
defects. Tissue samples were washed with PBS containing penicillin at 500 U/ml, streptomycin at 500 pg/ml,
ampicillin, gentamycin, amphotericin B, ceftriaxone, cut into fine pieces (1-3 mm) with sterile scalpels and
scissors, and then placed into the 0.4% (wt/vol) collagenase type II in complete growth medium (DMEM, 10%
FBS, gentamycin) solution. After overnight incubation in CO, incubator at 37°C, the solution was filtered
through 70 um cell strainer, centrifuged at 200 g for 10 min, resuspended in 1 ml of growth medium, and
viable cells were counted using trypan blue staining. This protocol was also followed during isolation of
human synovial MSCs.

The cells were further incubated and propagated in DMEM containing 10% and antibiotics. To create
cartilage defects, approximately 5x5 mm size lesion was scraped with scalpel on a medial condyle of both hind
limbs in rabbits.

Cell Characterization

The ability of isolated MSC to form colonies was measured using CFU assay. Briefly, a cell suspension
was prepared at density of 10 cells per milliliter. 100 cells were plated onto 100 mm Petri dishes and incubated
in CO, incubator at 37°C for 14 days. On day 15, the medium was removed from Petri dishes and formed
colonies stained with crystal violet.

To assess the proliferation rate of MSC in different concentrations of hyaluronic acid, MTT test was
performed. A commercially available preparation of 1% hyaluronic acid (Ostenil®) was diluted with growth
medium at 1:1, 1:2, 1:4 and 1:8 ratios, which corresponds to concentrations of hyaluronic acid of 0.5%, 0.25%,
0.12% and 0.06% respectively. Dilutions were plated on wells of 96 well plate and incubated for 48 hours.
After incubation, MTT reagent was added and staining performed according to standardized protocol.
Differentiation Assays

When the results of MSC transplantation in rabbit model of OA were obtained, we continued our
research to explore the characteristics of human synovial membrane derived MSC. The samples of synovia
were taken from the surgical material at the Arthroscopy and Sport Injury Department of the National
Research Institute for Traumatology and Orthopedics. This material was otherwise destined to become a
medical waste. The same protocol as for rabbit MSC was employed to isolate human MSC (see above). The
cells were subjected to differentiation into osteogenic and chondrogenic lineages using respective StemPro®
differentiation kits and manufacture’s protocols (Gibco). The cells were incubated for three weeks and then
stained with alizarine red (osteogenic lineage) and toluidine blue (chondrogenic lineage). The cells
demonstrated sufficient ability to differentiate into both lineages.

Transplantation of Cells

The cells isolated from synovial membrane were propagated for 2 to 6 passages in vitro. For
transplantation back to the rabbits, 500 000 cells were diluted in 0.25% of hyaluronic acid in growth medium
solution. 300 ul of this preparation were injected into joints of right hind limbs of rabbits. A cell free scaffold
of HA in growth medium was used as sham control and injected into the left knee. The first transplantation
was performed two weeks post induction of OA, and the second transplantation followed two weeks later. The
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rabbits were sacrificed after two weeks post the second cell transplantation and the difference in the rate of
regeneration of damaged cartilage was observed.

Results

Regeneration Assessment

Morphological observation of condyles of sacrificed rabbits revealed a noticeable difference in regeneration
between joints treated with HA+MSC versus joints treated with HA only (not shown). The followup
histological study confirmed this observation: there was about 3 fold difference between the sham control
group representing left knees treated with Ostenil® alone as compared to experiment group representing right
knees treated with Ostenil® and autologous MSC (Fig. 1).

Figure 1. The o ' N results of  histological
study of rabbit knee joints after the course of regeneration under MSC therapy. The histology slides were
prepared using conventional technique and stained with eosin (above) and hematoxylin (below). Pictures a and
¢ are sham controls treated with the hyaluronic acid scaffold alone. Pictures b and d are experiment group
treated with autologous MSC in HA scaffold. The presence of cells in the outer layer of these sections
indicated the formation of neocartilage in the place of the former defect. There is a noticeable difference in the
thickness of neocartilage layer between controls and experiments. These layers are indicated with two side
arrows in pictures ¢ and d.

Colony Forming and Cell Proliferation

The CFU assay with rabbit MSC has shown a significant colony forming ability of the cells (over 50%).

To measure proliferation rate of rabbit MSC at different concentrations of HA, MTT proliferation assay
was performed using conventional technique. The absorbance was read at the wavelength of 595 nm. MSC
demonstrated the highest proliferation at the concentration of HA equal to 0.25%. Interestingly, SM-MSCs at
0.25% HA also displayed altered morphology and appeared more spindle shaped and fibroblast-like compared

with controls. We also report improved MSC proliferation in growth medium supplemented with the
combination of TGF-B1, BMP-2 and bFGF-2, but not with BMP-2 alone (Fig.2). These results were also
obtained by running MTT test on 96 well plate with 6 repeats.

Figure 2. MSC proliferation was measured using MTT test at different concentrations of hyaluronic
acid (A) and different growth factors (B). All growth factors were used at concentrations of 10 ng/ml, and cells
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incubated in regular growth medium were used as control. These results indicate that Ostenil® as a hyaluronic
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acid product is a valid scaffold for autologous MSC propagation and transplantation. Also, TGF-B1 and BMP-2
appear to inhibit proliferation of MSC, as opposed to bFGF-2 and the combination of three.
Discussion

OA is a degenerative disease that affects vast numbers of people both in Kazakhstan and worldwide. Even
though there is no disease-modifying treatment of OA today, pre-clinical studies on animal models of OA yield
promising results and allow us to hope for the development of novel MSC based products in near future.

Hyaluronic acid as a component of normal cartilage appears to be a promising candidate to be used as a
scaffold for future MSC transplantations. The effect of HA in various forms was tested [12], [13]. We observed
unambiguous increase in MSC proliferation rate when the cells were cultured in its presence. We also found
statistically significant difference between MSC in HA scaffold and HA scaffold alone in their ability to induce
cartilage repair in histological sections of rabbit knees. On the other side, some scientists report the absence of
difference in healing under MSC+HA versus HA alone treatments [14], [15], however, these authors used bone
marrow derived MSC in their study, and synovial MSC were reported to have greater chondrogenic potential
compared to MSC from bone marrow [16].

We also found the beneficial effect of the combination of three growth factors on MSC culture, including of
TGF-B1, BMP-2 and bFGF-2 at 10 ng/ml, where bFGF-2 appears to be the most important in imposing mitogenic
effect on MSC in dose-dependent manner. These results agree with previously established ability of skew MSC
phenotype from differentiation to maintenance [17]. Our preliminary results also show a slight increase in
proliferation when growth factors are used in combination with 0.25% hyaluronic acid (not shown). Developing an
optimal combination of growth factors for MSC propagation is important for their future use in medicine, especially
for obtaining therapeutic numbers of autologous stem cells in cases, where only a limited amount of primary cells
can be isolated from a patient.

We further aim to investigate the properties of human synovial membrane derived mesenchymal stem cells,
and eventually take the research up to the level of clinical trials. MSC are a promising therapeutic tool, and there are
reasons for us to hope that stem cell based therapy will become routinely used for treatment of cartilage damage in
Kaznakhstan in the near future.
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