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Anotacija

Piecaugosa regenerativas medicinas popularitate ir sekm&jusi no taukaudiem izdalito
cilmes Siinu (ASC) izmantoSanu Stnu bazeto terapiju izstradeé. Lai veicinatu $adu terapiju
attisttbu, Eiropas Savienibas likumdoSana pielauj personalizéta, arpus rutinas apstakliem
sagatavota §iinu produkta izmanto$anu klinisko izpémumu gadijumos. ST darba mérkis bija
raksturot cilvéka un supa ASC, kas sagatavotas, izmantojot specifisku metodologiju, un
parbaudit to droSumu in vitro, ka ar1 in vivo suna modelt péc divkarsas intravenozas ievadiSanas.

legtitie rezultati paradija, ka ASC var viegli izdalit gan no cilvéka (hASC), gan suna
(cASC) taukaudiem un abu veidu ASC ir plastmasas adherentas Stinas ar tam raksturigu
varpstveida morfologiju. Sis Ipasibas neietekmé ne tinu kultivésana barotng ar autologo serumu
(AS), ne audzesana pie 5% skabekla koncentracijas, ne divkarSa sasaldesana un atkaus€Sana.
Daudzkrasu pliismas citometrijas analize atklaja, ka parbauditas ASC populacijas ir fenotipiski
homogeénas. hASC ekspres€ tadus tipiskos ASC markierus ka CD29, CD44, CD73, CD90 un
CD105, bet cASC - CD44, CD73, CD90. Abu veidu ASC ir negativas péc CD14, CD34, CD45
un HLA-DR, un hASC papildus neuzrada CD19 ekspresiju. Sis §iinas diferencgjas adipogénaja,
osteogénaja un hondrogénaja virziena, tacu cASC diferenciacija par adipocitiem bija vaja.
Blasttransformacijas reakcija atklaja, ka ASC no abiem avotiem biitiski samazina T S$tnu
proliferaciju un $1 spgja ir atkariga no $iinu devas.

Lai noteiktu ASC in vitro droSumu, tika parbaudita astonu donoru hASC kultiiru
biologiskd noveco$anads ilgstoSas $anu pavairoSanas laika. Tika novérotas izmainas $anu
morfologija, ka arf samazinajas §tnu kulttiru proliferativais atrums un klonogenitate. Ari hASC
adipogeénas un osteogénas diferenciacijas potencials veéla pasaza bija biitiski zemaks neka agra
pasaza. Ar senescenci saistita -galaktozidazes ekspresija pieauga ilgstoSas Siinu kultivéSanas
laika. Relativa teloméru garuma (RTL) noteikSanas analize paradija, ka tris no parbauditajam
hASC kultiram sasniedza replikativo senescenci, bet pargjas - priekslaicigo senescenci. Visu
donoru paraugos tika atklatas divas Stnu subpopulacijas ar butiski at$kirigu RTL un Stnu
lielumu. Kopuma novérotais hASC in vitro novecoS$anas process bija nevienmérigs un katram
Stunu donoram izteikti specifisks.

ASC in vivo droSums tika noteikts, izmantojot tikko atkaus@tas cASC, kuras audzetas
hipoksiskos apstaklos AS klatbtutng un paklautas diviem sasaldé$anas un atkauséSanas cikliem.
Intravenoza $tinu iesald€Sanas barotnes, terapeitiskas cASC devas (2x10° dzivas Stinas’/kg) un
piecas reizes lielakas S$tinu devas ievadiSana diviem biglu Skirnes suniem neradija butiskas
blaknes. Plausu "barjeras" efekta parbaude lava izslégt plauSu trombembolisma risku. Dzivnieku
audu un organu histomorfologiska analize vairak neka divus gadus vélak atklaja tikai nelielas un
relativi nespecifiskas izmainas, un nekadas laundabigu audzgju veidoSanas pazimes netika
noverotas.

legtitie rezultati liecina, ka cASC ir lidzigas hASC un droSas terapeitiskam
pielietojumam. Darba gaita izstradata metodologija ASC sagatavoSanai arpus rutinas
apstakliem, kas ieklauj individuali optimiz&tus $tinu audze$anas apstaklus un piedava riskam
piemerotu arstéSanu, var tikt izmantota personaliz€tai, nekavéjoties pieejamai terapijai nakotné,
pieméram, miokarda infarkta vai insulta gadijuma.
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Ievads

Regenerativa medicina ir strauji augoSa nozare ar pla§am iesp&jam arstét smagas
slimibas, kas nepaklaujas tradicionalajam terapijam. Sagaidams, ka regenerativas medicinas
nozime nakotné tikai pieaugs, jo ta var kliit par vienu no galvenajam jomam personalizétaja
medicind, kas ir katra pacienta IpaSibam, vajadzibam un izvélei pielagota arstéSana visas ta
aprupes stadijas (www.fda.gov). Jau tagad regenerativas medicinas personalizacija ir sekmg&jusi
modernizétu terapiju raSanos un attistfjusi tadu principiali jaunu pieeju zalu razoSana ka
jaunieviestas terapijas zales (ATMP).

Viens no regenerativas medicinas perspektivajiem virzieniem ir mezenhimalo cilmes
sunu (MSC) ka ATMP izmantoSana. Kop§ P. Zuk zinojuma 2001. gada par to, ka no
taukaudiem var izdalit multipotentas MSC (Zuk et al. 2001), taukaudi ir kluvusi par vertigu
avotu $o Stinu iegtiSanai. No taukaudiem izdalitas MSC (ASC) ir lieliski piemérotas §tinu bazeto
terapiju izstradei, jo tas sp€j diferencéties dazados Stnu veidos (Desiderio et al., 2013; Zuk et
al., 2002), migrét uz bojajuma vietu (Liu et al., 2012; Li et al., 2013; Karagiannis et al., 2017;
Kim et al., 2017), atjaunot bojatos audus (Lim et al., 2013; Tsuji et al., 2014) un nodrosinat
imunologisko lidzsvaru (Tyndall and Uccelli, 2009; Ghannam et al., 2010; Lo Sicco et al.,
2017).

Pieaugosa cilmes S§tnu terapiju popularitate ir veicindjusi tadu Stinu kultivéSanas
barotnu izmantoSanu, kas nesatur dzivnieku materialu, jo tas varétu izraisit autoimiinu reakciju
pret paSa pacienta cilmes $tinam (Spees et al., 2004). Viens no veidiem, ka to noverst, ir
autologa seruma (AS) izmantoSana, aizstajot ierasto fetalo liellopa serumu (FBS) visa terapijai
paredzeto Stnu sagatavoSanas procesa. Tapat lielakaja dala petfjumu Siinas tiek audzetas pie
atmosferas skabekla koncentracijas (21%), tacu skabekla koncentracija organisma svarstas no
0-14% (Ivanovic, 2009). Péc ievadiSanas pacientam, Sinam nakas piedzivot biitisku hipoksisko
stresu, kas noved pie apoptozes un ieve€rojami samazina Siinu terapijas efektivitati. Lai
palielinatu in vitro pavairotu ASC izdzivoSanas iesp&ju péc to ievadiSanas, $iinas ir iesp&jams
kultivét hipoksiskos apstaklos. Tas nodroSina vidi, kas vairak lidzinas in vivo situacijai, un
palidz saglabat to multipotento stavokli (Basciano et al., 2011), samazina noveco$anas procesus
(Tsai et al., 2011) un paaugstina audu atjaunoSanas potencialu (Leroux et al., 2010; Rosova et
al., 2008).

Terapijai paredzéta Siinu apjoma iegiiSana ieklauj ASC in vitro pavairo$anu, tacu §is
process izraisa Stinu novecoSanos jeb sensecenci (Dulic 2013; Baker&Sedivy, 2013).
Novecojusas §tinas nesp€j uzturét pareizu audu homeostazi (Rossi et al., 2007) un ir uzskatamas
par nedroSam, tadeél ir nepiecieSams izpétit ASC senescences gaitu kultivéSanas laika, lai
parliecinatos par $o Stnu in vitro droSumu. Tapat kliniskajam pielietojumam domatam ASC ir
javeic droSuma parbaude in vivo, kas balstas uz risku un ieguvumu attiecibas novert€jumu
(Veriter et al., 2015). Tam tiek izmantoti dztvnieku modeli. Ta ka suni ir pietuvinati cilvekam
péc anatomiskajam un funkcionalajam IpaSibam, tiem dabiski piemit lidzigas saslim$anas (de
Bakker et al., 2013; Hoffman and Dow, 2016) un to taukaudi ari satur MSC (Neupane et al.,
2008; Vieira et al., 2010), tad tie var kalpot ka vieni no piemérotakajiem dzivnieku modeliem
ASC droSuma parbaudei.

Lai veicinatu §tinu terapijas attistibu Eiropas Savieniba, Eiropas Parlaments un Padome
ir piep@musi Regulu (EK) Nr. 1394/2007 par ATMP, kuras 28. panta 2. punkts paredz pasas
(personalizétas) terapijas iesp&jas visas dalibvalstis. Sadas terapijas pielietosana pielaujama bez
kliniskiem pétijjumiem, ta¢u nosakot stingras prasibas Stnu produkta pagatavoSanai arpus
rutinas apstakliem, uzraudzibai un tiesibas arstam uzpemties ekskluzivu, profesionalu atbildibu
arstnieciba (Regulation, 2007). Sadu personalizétu $inu terapiju kops 2011. gada ir atlauts
realizét ar1 Latvija, un §is darbs sniedz ieskatu ASC ka ATMP sagatavo$anas metodologijas
izstrade un attiecigi sagatavota produkta droSuma parbaudeé.

S1 doktora darba mérkis bija raksturot no cilvéka un suna zemadas taukaudiem izdalitas
ASC, kas sagatavotas, izmantojot specifisku metodologiju, un parbaudit to droSumu in vitro, ka
arl in vivo suna modell péc divkarias intravenozas ievadiSanas. ST mérka sasniegdanai tika
izvirziti sekojosi uzdevumi:



izstradat metodologiju ASC sagatavosSanai arpus rutinas apstakliem, kas ieklauj $tinu
izdali$anas, audz€Sanas, pavairoSanas, raksturo$anas un iesaldéSanas metodes;

izdalit ASC no cilvEéka un suna taukaudiem un pavairot §is Stinas atbilstosi izstradatajai
metodologijai, izmantojot barotni ar AS un hipoksiskus $tinu kultivésanas apstaklus;
raksturot iegitas cilvéka un suna ASC péc to morfologijas, virsmas markieru
ekspresijas, diferenciacijas sp&jas adipocitos, osteocitos un hondrocitos un
imunomodulativa potenciala;

noteikt ASC in vitro droSumu, analizgjot cilvéka ASC novecoSanos, balstoties uz $iinu
morfologisko analizi, proliferativajam sp&jam, ar senescenci saistitas B-galaktozidazes
aktivitates pieaugumu, relativa teloméru garuma saisinasanos un diferenciacijas
potencialu;

parbaudit ASC in vivo droSumu, novertgjot to ietekmi uz plausam un analiz€jot asins un
urina paraugus, elektrokardiogrammu, ehokardiogrammu un uzvedibu péc divkarSas
tikko atkaus€tu suna ASC intravenozas ievadiSanas dzivnieka asinsrite;

apstiprinat ASC in vivo droSumu, vairak ka divus gadus péc ASC ievadiSanas veicot
dzivnieka audu un organu histomorfologisko analizi, lai noteiktu v€linas izmainas audos
un izslégtu laundabigu audz&ju veidosanas risku.

Promocijas darba aprobacija

Dala no darba rezultatiem ir izmantoti §1 promocijas darba autora vaditaja Latvijas

Universitates Biologijas fakultates studentes Anetes Romanauskas bakalaura darba "No cilvéka
taukaudiem izdalitu mezenhimalo cilmes §tinu in vitro senescences raksturojums".

Zinatniskas publikacijas

1.

Berzins, U., Matise-VanHoutana, 1., Petersone, 1., Duritis, 1., Nikulshin, S., Bogdanova-
Jatniece, A., Kalis, M., Svirskis, S., Skrastina, D., Ezerta, A., Kozlovska, T. (2018).
Characterization and /n Vivo Safety of Canine Adipose-Derived Stem Cells. Proceedings of
the Latvian Academy of Sciences, Section B, iespieSana.

Legzdina, D., Romanauska, A., Nikulshin, S., Kozlovska, T., Berzins, U. (2016).
Characterization of Senescence of Culture-expanded Human Adipose-derived Mesenchymal
Stem Cells. International Journal of Stem Cells, 9(1): 124-136.

Bogdanova, A., Berzins, U., Nikulshin, S., Skrastina, D., Ezerta, A., Legzdina, D.,
Kozlovska T. (2014). Characterization of Human Adipose-Derived Stem Cells Cultured in
Autologous Serum After Subsequent Passaging and Long Term Cryopreservation. Journal
of Stem Cells, 9(3): 135-148.

Zinatniskas konferences

1.

Berzins U., Legzdina D. Biosafety aspects for clinical applications of adult human
mesenchymal stem cells. Eiropas Biotehnologijas konference, Riga, Latvija, 2016.
Journal of Biotechnology, 231, Ipp. S10, 2016.

Bogdanova A., Berzins U., Matise-Van Houtana I., Petersone 1., Duritis 1., Skrastina D.,
Muizniece Z., Kozlovska T. Safety test of canine adipose-derived stem cells. 22. [IUBMB un
37. FEBS kongress, Sevila, Spanija, 2012. FEBS JOURNAL, 279, Supplement 1, lpp. 541,
2012.

Bogdanova A., Berzins U., Matise-Van Houtana 1., Petersone 1., Duritis 1., Skrastina D.,
Muizniece Z.,Kozlovska T. Characterization and safety test of canine adipose-derived
stem cells. 10. ikgadgja ISSCR sanaksme, Jokohama, Japana, 2012.

Berzins U., Bogdanova A., Matise-Van Houtana 1., Petersone 1., Duritis 1., Skrastina D.,
Muizniece Z., Joffe R., Auzans A., Pumpens P., Kozlovska T. Autologu cilmes $tinu ka
jaunieviesto terapijas zalu droSuma parbaude. Apvienotais Pasaules latviesu zinatnieku 111




kongress un Letonikas IV kongress "Zinatne, sabiedriba un nacionala identitate", Riga,
Latvija, 2011.

Berzins U., Bogdanova A., Skrastina D., Matise-Van Houtana 1., Petersone 1., Duritis 1.,
Kozlovska T. Implementation of Adult Stem Cell Bank for the Development of Advanced
Therapy Product for Hospital Exemption. Pasaules biobanku samits, Hamburga, Vacija,
2011.

Bogdanova A., Berzins U., Skrastina D., Bruvere R., Eivazova G., Zvaigzne A.,
Kozlovska T. Properties of Adipose-derived Stem Cells Cultured in Autologous Serum.
1. Starptautiska veselibas zinatnu konference, Kauna, Lietuva, 2011.

Bogdanova A., Berzins U., Matise-Van Houtana 1., Petersone 1., Duritis 1., Ranka R.,
Pliss R., Skrastina D., Bruvere R., Timofejeva 1., Kozlovska T. No suna taukaudiem
ieglitu mezenhimalo cilmes $tnu raksturojums. Latvijas Universitates 69. konference,
molekularas biologijas sekcija, Riga, Latvija, 2011.

Eivazova G., Berzins U., Zvaigzne A., Skrastina D., Bogdanova A., Kozlovska T.,
Lejnieks A. Immunomodulatory properties of adipose-derived stem cells cultured in
autologous serum. 3. ikgadgja konference "Stem Cells Europe", Edinburga, Apvienota
Karaliste, 2010.

Berzins U., Bogdanova A., Skrastina D., Djackova 1., Eivazova G., Zvaigzne A., Lejnieks
A., Kozlovska T., Pumpens P. Mezenhimalo cilmes $iinu imunomodulativais potencials
in vitro. Latvijas Universitates 68. konference, molekularas biologijas sekcija, Riga,
Latvija, 2010.

10



1. Literaturas apskats

1.1. No taukaudiem izdalitu MSC ipaSibas

MSC no taukaudiem pirmo reizi tika izdalitas 2001. gada (Zuk et al., 2001), un kops ta
laika taukaudi ir kluvusi par loti vertigu avotu MSC iegtiSanai, kuras plasi pielieto $tinu bazeto
terapiju izstradé. In vitro pavairotam ASC piemit multiliniju diferenciacijas potencials
(Desiderio et al., 2013; Zuk et al., 2002), sp&ja migrét uz bojajuma vietu (Liu et al., 2012; Li et
al., 2013; Karagiannis et al., 2017; Kim et al., 2017) un bojato audu atjaunosanas sp&ja (Lim et
al., 2013; Tsuji et al., 2014), kuras viens no galvenajiem mehanismiem ir ASC
imunomodulativais potencials (Ghannam et al., 2010; Lo Sicco et al., 2017; Tyndall and
Uccelli, 2009). Sis potencials parasti tieck noteikts blasttransformacijas testa, kura tiek
izmantotas nespecifiski aktivétas perifero asinu mononuklearas $iinas (PBMNC) un tiek vértéta
ASC spgja nomakt aktivetas PBMNC dazadas koncentracijas.

Spejai nomakt aktivetus limfocTtus ir nozimiga loma ASC kliniskajam pielietojumam.
Zinami vairaki mehanismi, ka ASC var nomakt limfocitu proliferaciju, pieméram, ar citokinu
transformé&jos$a augSanas faktora beta un hepatocitu augSanas faktora (Di Nicola et al., 2002),
prostagalndina E2 (Aggarwal et al.,, 2005; Cui et al., 2007), indolamina 2,3-dioksigenazes
(Meisel et al., 2004), héma oksigenazes 1 (Chabannes et al., 2007), slapekla monoksida (Sato et
al., 2007), interleikinu 6 un 10, cilvéka leikocitara antigéna G5 un matriksa metaloptroteinazu
(Abumaree et al., 2012; De Miguel et al., 2012) starpniecibu. Turklat ASC ir potencials aktivet
regulatoros T limfocitus (Djouad et al., 2003) un regulatoras antigé€nus prezentgjosas Siinas
(Beyth et al., 2005). Tapat ASC sp&j nomakt komplementa reakciju, sekretéjot H faktoru (Tu et
al., 2010), un trombozi/agregaciju, sekretgjot plazminogéna aktivatora inhibitoru-1 (Kaji et al.,
2016; Zvonic et al., 2007). STm ASC Tpasibam ir svariga nozime, lai péc to ievadiSanas asinsrité
samazinatu plausu asinsvadu trombozes risku un nomaktu iekaisuma procesus.

Morfologiski ASC ir fibroblastiem lidzigas varpstveida S$tnas, kuram ir normals
kariotips un kuras var viegli pavairot in vitro (Zuk et al., 2001). Turklat So §iinu sasaldéSana un
atkauséSana neietekmé to diferenciacijas potencialu (Rodriguez et al., 2005; Goh at al., 2007;
Liu at al., 2008; De Rosa at al., 2009).

Starptautiska Stnu terapijas biedriba ir noteikusi minimalos MSC raksturoS$anas
krit€rijus (Dominici et al., 2006), saskana ar kuriem tiek pieradita iegttas cilmes S$inu
populacijas atbilsttba MSC. Sie minimalie kritériji attiecas ari uz ASC raksturo$anu un
rekomend@josi nosaka, ka 1) §Tm S$tnam jasp€j piestiprinaties pie plastmasas, kad tas tiek
audze€tas un pavairotas standarta Stnu kultivéSanas apstaklos, 2) tam jabit ar izteiktu CD90,
CD105, CD73, CD44 un CD29 siunu virsmas markieru ekspresiju un nav jauzrada tadu
hemopoétisko $iinu markieru ka CD45, CD14, HLA-DR un CD34 ekspresija, 3) tam japiemit
potencialam diferencéties adipogéna, hondrogéna un osteogéna virziena in vitro.

1.2. ASC droSums in vitro

ASC droSumu in vitro pavairoSanas laika raksturo $tinu morfofunkcionalais stavoklis
novecoSanas procesa (ASC in vitro noveco$anas). ASC paSatjaunoSanas sp€ja ir limitéta ar
daliSanas reizu skaitu (Wagner et al., 2008). In vitro pavairo$anas procesa $iinas noveco, un to
raksturo neatgriezenisks Stnu daliSanas kapacitates zudums un dramatiskas izmainas $inu
morfologija, metabolisma, génu ekspresija un sekrécijas fenotipa (Dulic 2013; Baker&Sedivy,
2013). Turklat Stinu novecoSanas sp€ja tiek uzskatita par nozimigu audz€ju supresijas
mehanismu (Kuilman et al., 2010).

ASC novecoSanos raksturo replikativa un priekSlaiciga novecoSanas. Ka viena no
galvenajam replikativas novecoSanas pazimeém ir telomeéru DNS saisinasanas katra Stinas cikla S
faze, kuras iemesls ir DNS polimerazes nesp&ja pilniba replicét atpaliekoSo DNS pavedienu
(Ohki et al., 2001). Telom@ru saisina$anas procesu dévé par "mitotisko pulksteni", kur§ regulé
replikativo novecoSanos un ir bitisks raditdjs tas noteikSana (Shay&Wright, 2000).
PriekS$laicigas novecoSanas iemesls var but gan iek$&ji, gan argji faktori, pieméram, baribas
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vielu nepietieckamiba vai fizikali vai kimiski stresori, uzkrati DNS bojajumi un onkogéni
(Kuilman et al., 2010; Naylor et al., 2013; Raggi&Berardi, 2012). Tadgjadi ASC, kuras
zaudgjusas sp&ju dalities un kuru funkcijas ir trauc@tas, nesp&j uzturét audu homeostazi (Rossi et
al., 2007) un ir uzskatamas par nedrosam. Tapéc, lai novertétu, vai ASC ir droSas péc in vitro
pavairoSanas, ir nepiecieSams izpétit to novecoSanos kultivéSanas laika (Estrada et al., 2013).

Par ASC novecosanos var spriest péc:

Morfologiskam izmainam (Cristofalo&Pignolo, 1993). Novecojosam $iinam raksturigs
lielaks izmérs, tas ir plakanakas, ar lielaku kodolu un vairak filopodiju un mikrofilamentu.
Citoplazma ir ar ieslégumiem un lielaku skaitu granulu un vakuolu (Mauney et al., 2004;
Wagner et al., 2008; Zhao&Darzynkiewicz, 2013).

Proliferativas mazspéjas. VElakas pasazas samazinas populacijas dubultoSanas atrums
(Izadpanah et al., 2006), ka ar1 koloniju veidojo$o vienibu (CFU) skaits (Sethe et al., 2006;
Schellenberg et al., 2013).

Ar novecosanos saistitas f-galaktozidazes (SA-f-Gal) aktivitates pieauguma. SA-B-Gal
ekspresijas pieaugums raksturigs novecojo$am S$unam, bet ne proliferativi aktivam Stnam
(Dimri et al., 1995; Lee et al., 2006). Tas novérojams ar1 kontaktinhibicijas gadijumos, parasti,
kad $iinu skaita blivums ir parak liels (Dimri et al., 1995).

Relativa teloméru garuma saisinasands. Pavairojot §tinas, telomeru garums saisinas
(Harley et al., 1990), un, tam saisinoties, mazinas $iinu daliSanas potencials (von Zglinicki et al.,
2005). Par kritisko teloméru garumu, kad Siinas parstaj dalities, tiek uzskatits 10 kb (Baxter et
al., 2004). Bet janem vera, ka relativi homogeéna $tinu populacija $iinas dazadam hromosomam
telom&ru garumi ir atSkirigi un individuali Tsa telomeéra ierosinas funkciju zuduma mehanismu
(Hemann et al., 2001). Turklat teloméru garums ir heterogéns gan vienas §tinas ietvara starp
dazadam hromosomam, gan starp dazadam S$inam kopg€ja populacija, salidzinot vienu
hromosomu $aja populacija (Lansdorp et al., 1996).

Diferencidcijas potenciala mazinasanas. Ar pasazam samazinas osteogénas un
adipogénas diferenciacijas sp&ja (Baxter et al., 2004; Bonab et al., 2006; Geisler et al., 2012).

1.3. ASC droSums in vivo

ASC in vivo droSumu var aplikot divos aspektos. Vispirms ir janoveérteé ASC
ietekme/reakcija uz plausam, kur §is Stinas depon&jas péc ievadiSanas asinsriteé (Eggenhofer et
al., 2012; Fischer et al., 2009; Prologo et al., 2016). Intravenoza ASC ievadiSana ir drosa
(Kang&Park, 2014; Ra et al., 2011a; Ra et al., 2011b), bet tikko atsaldetu ASC ievadiSana
asinsrité var izraisit potencialu plauSu embolijas, tiskas vai pat naves risku (Cyranoski, 2010;
Furlani et al., 2009; Jung et al., 2013; Lysaght et al., 2017; Tatsumi et al., 2013). Tam par c€loni
var biit agregatu veidoSanas plausu asinsvados vai arT komplementa un imiinas sistémas reakcija
uz ievaditajam ASC (Eggenhofer et al., 2014; Moll&Le Blanc, 2015). Par sekundaru,
hipotetisku aspektu uzskatama atipisku audu vai laundabigu audzgju veidoSanas. Nemot véra, ka
ASC péc deponésanas plausas var migrét uz iekaisumiem/bojajumiem, kas laika gaita var rasties
jebkur organisma (Anjos-Afonso et al., 2004; Bentzon et al., 2005; Kraitchman et al., 2005),
atipisku audu veidoSanas teoretiski var bt verojama dazadas organisma vietas. Tomer
zinatniskaja literatiira nav informacijas par to, ka autologas ASC péc ievadiSanas asinsrite
veidotu atipiskus audus vai laundabigus audzgjus.

1.4. Dzivnieku modeli ASC droSuma parbaudei

Ka viens no piemérotakajiem dzivnieku modeliem ASC in vivo droSuma parbaudei ir
suni. Tiem ir salidzino$i liela dzivildze, un tie ir tuvi cilvékam gan p&c anatomiskajam, gan
funkcionalajam 1pasibam. Tapat supiem dabigi piemit cilvekam Iidzigas autoimiinas
saslimSanas, piemé&ram, atopiskais dermatits (Hall et al., 2010), pemfigus (Han et al., 2015) un
autoimiinas izcelsmes 1. tipa cukura diabgts (Abdi et al., 2008; Kim et al., 2017; O'Kell et al.,
2017), kas padara pétijumus ar Siem dzivniekiem daudz pietuvinatakus cilvekam. Arl suna
taukaudi ir bagati ar MSC, kuras ir viegli iegiistamas (Neupane et al., 2008; Vieira et al., 2010).
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To izmers, augSanas atrums, virsmas markieru ekspresija, diferenciacijas potencials ir tuvs
cilveka ASC (hASC), un suna ASC (cASC) saglaba savu potencialu pec ilgstosas
kriouzglabasanas (Martinello et al., 2011; Reich et al., 2012). Tehniskie procesi, kas saistiti ar
cASC izoléSanu no taukaudiem, pavairoSanu un raksturo$anu, ir loti lidzigi darbam ar cilvéka
materialu. Tadgjadi suni var tikt veiksmigi izmantoti ASC dro§ibas parbaudei ka pirmais solis
§1s tehnikas parnesei uz klmiku.

1.5. ASC ka jaunieviestas terapijas zales

Regenerativas medicinas nozare ir sekmé&jusi moderniz&tu terapiju raSanos un attistijusi
tadu principiali jaunu pieeju zalu razoSana ka ATMP, kas ieklauj gan génu, gan $iinu terapijas,
ka arT audu inzenieriju (European, 2014; General, 2015; Vives&Carmona, 2015). ASC var tikt
izmantotas ka ATMP personalizétaja arstnieciba smagu un parastajai arst€Sanai rezistentu
slimibu gadijumos, pieméram, transplantata atgriiSanas reakcija, kas saistita ar steroidu terapijas
rezistenci (Fang et al., 2009; Fang et al., 2007), psoriazes gadijumi, kad uz parastas terapijas
fona attistas locitavu vai organu bojajumii (De Jesus et al., 2016), un multipla skleroze (Stepien
et al., 2016). Autologas ASC, kas sagatavotas konkrétai personai arpus rutinas apstakliem, ka
ATMP personalizetai arstniecibai var izmantot 1pasa kliniska iznémuma gadijuma (HE) saskana
ar Eiropas Parlamenta un Padomes Regulas (EK) Nr. 1394/2007 28. pantu (Regulation, 2007).
Saja gadijuma tradicionalie kliniskie pétijumi netiek veikti, bet tapat ir nepiecieSsams izveértét
ASC droSumu, taja skaita, veicot $iinu droSuma parbaudi uz dzivniekiem.
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2. Materiali un metodes

2.1. ASC droSuma pétijuma tiesiskums un izpilde

Petijuma ieklautie dzivnieki izmantoti saskana ar Partikas un veterinara dienesta atlauju
Nr. 23. hASC pétijjuma iegiitas un izmantotas p&€c donoru rakstiskas piekriSanas un saskana ar
Latvijas Centralas medicinas &tikas komitejas atlauju Nr. 12. Darbs ar dzivniekiem un dzivnieku
materialu izmekl&umi veikti Latvijas Lauksaimniecibas Universitates Veterinaras kliikas
institiita (Jelgava). ASC no cilvéku un sunu taukaudiem tika iegttas, pavairotas, iesaldetas un
glabatas SIA "Cilmes S§tnu tehnologijas" (Riga). ASC raksturoSana veikta Latvijas
Biomedicinas p&tijumu un studiju centra (Riga).

2.2. ASC ieguiSana, pavairoSana un raksturoS§ana

2.2.1. Autologa seruma sagatavoSana

Asins paraugs péc panemsSanas 1 h tika turts istabas temperattira, lai tas sarecétu.
Atdalijusais serums tika savakts, centrfugéts pie 2000 rmp 30 min, izfiltréts caur 0,2 um sietu,
safaséts un uzglabats pie -20°C. Asins panemsana no dzivniekiem aprakstita 2.4.4. apakSnodala.

2.2.2. Taukaudu panemSana

Cilveka védera zemadas taukaudi tika iegiiti planveida kosmétiskas operacijas laika
sadarbiba ar SIA "Cilmes §tnu tehnologijas", un to veica kirurgs.

Sunu taukaudu papemsSanu veica veterinararsts sekojo$a veida. Lai sagatavotu adu
operacijai, védera sienas labaja kaudoventralaja kvadranta tika noskiits apmatojums 15x15 cm
platiba. Tam sekoja adas mazgaSana ar ziepém, dezinfekcija ar 70% spirtu tris reizes un joda
Skidumu vél tris reizes. Ada tika izdarits 5 cm gar§ griezums paraléli kermena garengriezuma
asij (mediala plakng), 5—7 cm laterali no baltas linijas (/inea alba). Zemadas tauki tika iegiiti, ar
Skerém izgriezot ~5 ml lielu taukaudu gabalu. Péc tam tika veikta seciga zemadas (Safil,
Aesculap, USA) un adas aiz§tisana (Supramid, S. Jackson, Inc., USA). Dzivnieku p&coperacijas
aprupe sastavéja no nepartrauktas fiziologisko parametru uzraudzibas operacijas laika un 2 h
péc anestézijas efekta beigam, ka art briices ikdienas apkopSanas l1dz tas pilnigai sadziSanai.

Taukadu paraugi tika aptradati 3—5 h laika péc to iegtiSanas.

2.2.3. ASC iegiiSana un pavairoSana

5 ml iegiito taukaudu tika sagriezti un apstradati ar 0,3% pronazes $kidumu (EMD
Millipore, ASV) 1 h +37°C, viegli rotgjot, un péc tam centrifugéti pie 1000 rmp 7 min.
Izveidojusas S$iinu nogulsnes tika suspendétas, filtrétas caur 40 pum sietu un atkartoti
centrifugétas 5 min. Eritrocttu lize tika veikta 3 min +37°C, izmantojot eritrocitu lizes buferi
Hybri-Max (Sigma-Aldrich, Vacija). S@nu nogulsnes tika suspendétas svaiga kultivéSanas
barotne DMEM/F12 (Life Technologies, Lielbritanija), kuras sastava bija 10% AS, 2 mM L-
glutamins (Life Technologies, Lielbritanija), 20 ng/ml pamata fibroblastu augSanas faktors (BD,
ASV), 100 U/ml : 100 g/ml penicilins—streptomicins (Life Technologies, Lielbritanija), un
uzsétas uz 75 cm’ $inu kultivéanas flakona (uzskatita ka pasaza 0 (P0)). Visas manipulacijas ar
ASC tika izpilditas speciala Siinu darba stacija (Xvivo System, Biospherix, ASV), kur $tnas tika
audzetas pie +37°C automatiski kontroléta darba atmosfera - slapekli saturosa videé ar 5% CO,
un 5% 02 .

Nako$aja diena nepiestiprinajusas Stinas tika aizvaktas, kartigi skalojot ar fosfatu
fiziologisko buferskidumu (PBS) (Life Technologies, Lielbritanija). Piestiprinajusas S$tnas
pirmas 10 dienas tika audzétas barotn& ar 10% AS un péc tam - 5% AS. P1 (cASC gadijuma)
vai P2 (hASC gadijuma) beigas Siinas tika iesaldétas DMEM/F12 barotng, kuras sastava bija
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20% AS un 10% dimetil sulfoksids (DMSO) (Sigma-Aldrich, Vacija), un uzglabatas Skidraja
slapekli

P&c vismaz tris méneSu uzglabaSanas ASC tika atkaus€tas un audzetas ka ieprieks.
hASC tika kultivétas no P3 lidz P8, iesaldgjot nelielu §tinu daudzumu pirms katras nakamas
pasazas turpmakai analizei (atkartota iesald€$ana). P&c 1,5 lidz 4 gadu uzglabasanas, hASC tika
atkaus€tas un izmantotas eksperimentiem. cASC tika kultivétas no P2 lidz PS5, otro reizi
iesald€jot pavairotas Stinas P5 beigas. P&c vismaz tris méneSu uzglabasanas, P5 cASC tika
atkaus€tas un izmantotas raksturoSanai.

2.2.4. Daudzkrasu pliusmas citometrija

Plismas citometrija tika veikta, izmantojot svaigi atsaldétas hASC no P2, P3, P4, P5 un
P8 un cASC no PS5 saskana ar visparpienemtu protokolu (Shapiro & Shapiro, 2003). Isuma,
ASC tika strauji atkausétas, skalotas ar PBS un resuspendétas koncentracija 5x10° §inas/ml
prieks 8 krasu pliismas citometrijas analizes. Fenotip&Sanai tika izmantoti divi savstarpgji saistiti
paraugi. Pirmajam paraugam tika izmantotas sekojoSas ar fluorohromiem iezimétas
monoklonalas antivielas priek§ hASC: HLA-DR-V450, CD14/CD19/CD45 maistjums-V500,
CD29-PerCP-Cy5.5, CD44-APC-H7 (BD, ASV), CD34-FITC, CDI105-PE, CD73-PE-Cy7,
CD90-APC (eBioscience, ASV). Priek§ cASC: CD44-PerC-Cy5.5, CD34-PE (Exbio, Cehijas
Republika) un CD45/CD14/HLA-DR maistjums-FITC (eBioscience, ASV). Vienas un tas pasas
anti-CD90 un anti-CD73 antivielas tika izmantotas tika izmantotas gan hASC, gan cASC
paraugiem. Otrais paraugs tika krasots ar atbilsto$ajam izotipa kontrolém. Siinas tika inkubgtas
30 min tumsa, skalotas, resuspendétas PBS un analiz€tas 2 h laika. Analize tika veikta,
izmantojot BD FACSCanto II plismas citometru (BD, ASV) ar standarta tris lazeru
konfiguraciju; vismaz 10000 mérijumi tika iegtti no katra parauga. Rezultatu apstradei un attelu
iegiiSanai tika izmantota Infinicyt v1.5.0 programmatiira (Cytognos S.L., Spanija).

Papildus tam, tika noteikta ASC dzivsp€ja katra parauga, izmantojot 0,5 pM S§tnu
membranu $k&rsojoso Sytol6 fluorescento nukleinskabju krasvielu (Life Technologies,
Lielbritanija) FITC kanala (Sparrow & Tippet, 2005). Plismas citometrijas analize tika
pielietota arT aneiploidijas un ASC mitotiska indeksa noteikSanai, izmantojot FACSCanto II PE
kanalu, uz propidija jodida bazéto BD Cycletest Plus DNA komplektu (BD, ASV) un ModFit
LT v3.3 programmattru (BD, ASV).

2.2.5. Diferencidcija tris Siinu linijas

Viena un ta pati metode in vifro diferenciacijai tika izmantota gan hASC, gan cASC.
hASC diferenciacija tika veikta P3, P6 un P9, bet cASC diferenciacijas spé&ja tika parbaudita P6.
Lai izraisitu ASC diferenciaciju, $iinas tika audzg€tas attiecigaja diferenciacijas barotné +37°C,
5% CO,. Paralgli dala ASC tika audzetas kontroles barotn€. Barotnes tika mainitas katru treSo
dienu.

Adipogenu diferenciacijas potencialu noteica, audzgjot Sinas DMEM barotné ar augstu
glikozes saturu (Life Technologies, Lielbritanija), kam pievienots 10% fetalais govs serums
(FBS) (Life Technologies, Lielbritanija), 2 mM L-glutamins, 10 pg/ml cilvéka insulins (Life
Technologies, Lielbritanija), 1 puM deksametazons (Sigma-Aldrich, Vacija), 100 pM
indometacins (Sigma-Aldrich, Vacija), 0,5 mM 3-izobutil-1-metilksantins (Sigma-Aldrich,
Vacija) un 5 pg/ml gentamicins (Life Technologies, Lielbritanija). Kontroles barotni veidoja
DMEM ar augstu glikozes saturu un 10% FBS. Péc 16 dienam lipidu ieslégumi tika noteikti,
izmantojot Oil Red O (Sigma-Aldrich, Vacija) krasoSanu péc iepriekS aprakstitas metodes
(Bogdanova et al., 2010).

ASC osteocttu diferenciacijas potencials tika noteikts, audzgjot Siinas DMEM barotng ar
zemu glikozes saturu, bez L-glutamina un fenola sarkana (Life Technologies, Lielbritanija), kas
saturgja 10% FBS, 2 mM L-glutaminu, 10 mM glicerola-2 fosfatu (Sigma-Aldrich, Vacija), 50
uM L-askorbinskabi (Sigma-Aldrich, Vacija), 0,1 uM deksametazonu, 5 pg/ml gentamicinu
(Life Technologies, Lielbritanija). Kontroles §tinas tika kultivétas DMEM barotné ar zemu
glikozes saturu un 10% FBS. Péc 30 dienam ekstracelulara kalcija uzkrasanas tika noteikta ar
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Alizarin Red S (Sigma-Aldrich, Vacija) krasoSanu (Bogdanova et al., 2010), un sarmainas
fosfatazes aktivitate tika detekteta, ka substratu izmantojot BCIP/NBT (Sigma-Aldrich, Vacija).

Lai noteiktu ondrocitu diferenciacijas potencialu, 10ul ASC suspensijas (koncentracija
8x10° §iinas/ml) tika uznesti uz plastmasa plates un inkubgti 30 min +37°C, 5% CO,. P&c tam
Stunam tika pievienota kontroles vai diferenciacijas barotne, kas sastavéja no DMEM (ar zemu
glikozes saturu, bez L-glutamina un fenola sarkana), kam pievienoti 10% FBS, 2 mM L-
glutamins, 1x insulins-transferrins-seléns-plus (BD, ASV), 40 pg/ml L-prolins (Sigma-Aldrich,
Vacija), 50 uM L-askorbinskabes, 0,1 pM deksametazons, 10 ng/ml rekombinantais cilvéka
transforméjosais augSanas faktoru B3 (Life Technologies, Lielbritanija) un 5 pg/ml gentamicins.
Kontroles barotnes sastavs bija identisks osteogénaja diferenciacija izmantotajai. Péc 29
izveidojusSies $iinu agregati tika ieslégti parafina, sagriezti un krasoti ar 1% Alcian Blue (Sigma-
Aldrich, Vacija) krasvielas Skidumu 0,1 N HCI (pH~1) 30 min, kam sekoja mazgasana ar 0,1 N
HCI.

2.2.6. Blasttransformacijas tests

Autologas PBMNC tika ieglitas no svaigam periférajam asinim ar Ficoll-Paque
Premium blivuma gradientu (GE Healthcare, Zviedrija). Izdalitas PBMNC tika kultivetas
RPMI-1640 barotné (Life Technologies, Lielbritanija), kas saturgja 10% AS, 2 mM L-
glutaminu un 100 U/ml : 100 g/ml penicilinu—streptomicinu, kopa ar ASC dazadas attiecibas
(ASC:PBMNC - 5x10* : 5x10* (1:1), 5x10°: 5x10* (1:10), 2.5x10%: 5x10* (1:20), 1.25x10*:
5x10* (1:40), 5x107: 5x10* (1:100)) un fitohemaglutininu (Sigma-Aldrich, Vacija) koncentracija
2 vai 4 pg/ml 96 h +37°C, 5% CO.. Blasttransformacijas reakcija tika veikta, izmantojot hASC
no P3, P6 un P9 un cASC no P6. Uz pédéjam 18 h katram paraugam tika pievienots 1 pCi [3H]-
deoksitimidina (GE, Lielbritanija). Radioaktiva timidina ieslégSanas analize tika veikta,
izmantojot $kidras scintilacijas beta skaititaju (Beckman Coulter, ASV).

2.3.  hASC in vitro senescences noteikSana
2.3.1. ligtermina in vitro Siinu kultiveSana

Tika parbauditas astonu donoru hASC kultiiras (1. tabula). Visas Siinu kultiras tika
iegiitas no §tnu bankas, kur tas tika glabatas P2 (iznemot donora CS-5 §tinas, kuras bija glabatas
P3). P&c atkaus@ianas §iinas tika saskaititas, izmantojot Burkera kameru, uzsétas uz 75 cm” §anu
kultivésanas flakona (2x10° §iinas uz flakonu) DMEM/F12 barotng, kas saturéja 10% FBS, 20
ng/ml pamata fibroblastu augSanas faktoru, 2 mM L-glutaminu un 100 w/ml:100 pg/ml
penicilinu-streptomicinu, un audzetas mitra gaisa +37°C, 5% CO,. Barotne tika mainita katru
treSo dienu. Kad $iinas sasniedza 80-90% konfluenci, tas tika atdalitas no flakona, izmantojot
stnu disociacijas reagentu TrypLE Express Enzyme (Life Technologies, Lielbritanija). Dala
Stnu tika sadalita attieciba 1:5 talakai parséSanai. Atlikusas Stnas tika iesaldetas DMEM/F12
barotng, kas saturgja 10% DMSO un 20% FBS, un uzglabatas Skidraja slapekli turpmakai
analizei. hASC parséSana tika turpinata, saglabajot sadaliSanas attiecibu 1:5, kamér $inu
konfluence netika sasniegta ¢etru nedélu laika.

Lai noteiktu hASC daliSanas kin&tiku, Stinas tika skaititas Burkera kamera katras
pasazas beigas. Populacijas dubultosanas laiks (PDT) un populacijas dubultoSanas (PD) skaits
tika noteikts péc sekojosam formulam:

PDT=In2*T/In(Ny/No) un PD=T/PDT

kur T — kultivésanas ilgums, Nt— §tinu skaits pasazas beigas, No— $iinu skaits pasazas sakuma.
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2.3.2. Koloniju veidojoSo vienibu parbaude

10’ hASC tika uzsétas uz se$u ailu plastmasas plates divos atkartojumos, izmantojot to
pasu barotni, ko Stnu audzgSanai, un kultivétas divas ned€las +37°C, 5% CO,. Barotne tika
mainita katru ceturto dienu. P&c tam plates tika novietotas uz ledus un divas reizes mazgatas ar
aukstu PBS. Siinas tika fiksétas ar ledusaukstu metanolu 10 min, parvietotas istabas temperatiira
un krasotas ar 0,5% kristalvioleta krasas (Sigma-Aldrich, Vacija) skidumu metanola. Krasojums
tika iz8kidinats ar 0,5% natrija dodecilsulfatu, un absorbcija tika mérita pie 539 nm vilpu
garuma.

2.3.3. SA-p -galaktozidazes noteikSana

2,5x10* hASC tika uzsétas uz 96 ailu plastmasas plates tris atkartojumos. Péc 48 h tika
noteikta B-galaktozidazes ekspresija, izmantojot Senescence Cells histokimiskas krasoSanas
komplektu (Sigma-Aldrich, Vacija) péc razotaja instrukcijam. Lai iegiitu kvantific€jamus
rezultatus, ar PowerShot S80 digitalo fotokameru (Canon, ASV) tika iegiiti krasoto Stnu
fotoatteli, kurus novertgja divi neatkarigi vertetaji. VertéSana tika veikta peéc diviem
parametriem: krasas intensitate un nokrasoto §tinu daudzums procentos redzes lauka. Krasojuma
intensitates noteikSanai tika izveidota piecu punktu intensitates skala, kur 0 nozim&ja "nav
krasojuma" un 5 — "loti tumss krasojums".

2.3.4. Telomeru Flow FISH

Kultivétu hASC relativais teloméru garums tika noteikts, izmantojot Telomere PNA
Kit/FITC priek$ plusmas citometrijas (Dako, Danija) péc razotaja instrukcijam un FACSCanto
Il plismas citometru ar FACSDiva v7.0 programmatiru (BD, ASV). Jurkat §iinu Iinija
(ATCC/LGC Standards, Zviedrija) kalpoja ka ieksgja kontrole. Katrs paraugs tika parbaudits
divreiz, un 20000 mérjjumu tika iegiiti no katra parauga. Plismas citometra kalibracija tika
veikta, izmantojot kalibracijas lodites (BD Cytometer Setup and Tracking Beads, BD, ASV).
Rezultati tika analizeti ar Infinicyt v1.5.0 programmatiru.

2.4. cASC in vivo droSums

2.4.1. Eksperimentalie dzivnieki un to apriipe

Divi biglu Skirnes suni - viens sievieSu un otrs virieSu kartas parstavis - tika izmantoti
petijuma. Neviens no dzivniekiem nebija sterilizéts/kastréts. Abi suni tika iegiiti no sertificetas
laboratorijas dzivnieku iestades CEDS (Francija). cASC ievadiSanas laika dzivnieki bija 2,5
gadus veci un eitanazijas laika - 5 gadus veci. Sunu svars cASC ievadiSanas laika bija 14,5 kg
(sievieSu kartas suns) un 18,5 kg (virieSu kartas suns). P&c eitanazijas dzivnieku svars bija
attiecigi 17 kg un 18,4 kg, un kermena stavoklis bija labs (3,5 punkti sievieSu kartas sunim un 3
punkti virieSu kartas sunim p&c 5 punktu skalas).

Dzivnieki tika tur@ti apsilditos un norobezotos 2x1,5 m kratinos ar ventilaciju.
Dzivnieku uzturé$anas telpas bija atseviska telpa €diena pagatavoSanai, personala gérbtuve,
dusa un labiericibas. Visas telpas bija viegli dezinficgjamas, un tam bija atseviSka noteksisteéma.
Kompleksa sausa sunu bariba dzivniekiem tika dota divas reizes diena, svaigs tidens bija
pieejams nepartraukti. Pastaigas tika nodroSinatas tris reizes diena. Fiziologiskie parametri
(rektala temperatura, elpoSanas un sirdsdarbibas atrums) tika kontroléti divas reizes diena, bet
glotadu un zemadas limfmezglu parbaude tika veikta reizi diena.

2.4.2. Autologu cASC ievadisana

Pirms katetra ievietoSanas cefaliskaja véna dzivniekam tika veikta nomierinoSa lidzekla
acepromazina malata (0,5 mg/kg) intramuskulara injekcija. Diiriena vieta tika sagatavota
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sekojosi: cefaliskaja iedobg tika noskiits apmatojums 5x5 cm platiba, un ada tika dezinficéta ar
70% spirtu (3x) un joda $kidumu (1x). Ar&ja cefaliskaja véna tika veikts aseptisks diiriens ar
G18 adatu, un katetrs tika piestiprinats, izmantojot leikoplastu un marles saiti.

Vispirms, lai novértétu iespg&jamos DMSO (kontroles barotne) blakusefektus un
aprakstitu ta izvadiSanu no organisma, 100 ml fiziologiska $kiduma, kas saturja 10% DMSO,
tika intravenozi injicéti dzivniekiem. P&c tam sekoja terapeitiskas devas ievadiSana, ko veidoja
2x10° dzivas, tikko atkaus@tas, neskalotas, autologas cASC (P5) uz kg kermena svara 100 ml
kopgja tilpuma (pielagots ar fiziologisko $kidumu). Vienu ménesi vélak eksperimentalajiem
supiem tika intravenozi injicéta piecas reizes lielaka cASC deva (1x10’ dzivas §inas/kg).

2.4.3. Sunu uzvedibas novertejums

Sunu uzvedibas noteikSanai pirms un péc DMSO barotnes un cASC intravenozas
ievadiSanas tika veikti dal€ji uzvedibas noveért€sanas testi. Sabiedriskuma tests lava noteikt suna
uzvedibu telpa, un tas ieklava kermena pozas, ostiSanas, telpas izpétes, acu un sociala kontakta
veidoSanas ar cilvékiem novertgjumu. Zobu parbaude tika izmantota, lai test€tu suna atbildes
reakciju uz zobu un mutes apskati 5 sec. PieskarSanas tests tika pielietots, lai novertet dzivnieka
reakciju uz aiztikSanu un dazadu kermena dalu glaudiSanu 5 sec, ieskaitot asti un ausis.

2.4.4. Asins un urina paraugu panemsana

Lai savaktu asins paraugus, dzivnieku nomierinaSana un diiriena vietas sagatavoSana
tika veikta tapat, ka aprakstits 3.4.1. apaks$nodala. Tika izmantota G16 adata, un tika pagemti 50
ml (bet ne vairak ka 0,5% no kermena svara) asinu.

Urina un asins paraugi tika savakti 24 h pirms un 12, 24, 72 h pé&c DMSO barotnes
ievadiSanas, ka ar1 24 h pirms un 24 h, 72 h, 7 dienas, 14 dienas péc cASCs ievadiSanas. Asins
paraugi tika panemti no v. jugularis vai v. saphena un sapilditi asins nemsSanas stobrinos ar
seruma stabilizatoru (priek§ biokimiskajiem testiem), EDTA (priek§ hematologiskas un
morfologiskas raksturo$anas) vai natrija citratu (priek$ koagulacijas faktoru noteik$anas) (BD,
ASV). Rita urina paraugi no urina striklas vidusposma tika panemti, uzglabati +4°C un
parbauditi 3 h laika péc savaksSanas.

2.4.5. Biokimisko, hematologisko un koagulacijas faktoru noteiksana

Biokimiskie testi tika veikti ar Ortho Vitros DT60/DTEII/DTSC analizatoru (Ortho
Clinical Diagnostics, ASV), izmantojot vienreizlietojamo slaidu kalorimetrisko parbaudi. Tapat
biokimiskie asins testi tika veikti sertificétas firmas (akreditacijas sertifikats Nr. LATAK-M-
43400-2011) SIA "Centrala laboratorija" laboratorija (registracijas Nr. 215/L 430-C) péc
standarta laboratorijas protokoliem un saskana ar LVS NE ISO 15189:2008 standartu.

Asins hematologiskas parbaudes tika izpilditas automatiski, izmantojot Nihon Kohden
MEK 6318 K analizatoru (Nihon Kohden, Japana), un morfologiskas parbaudes tika veiktas,
novertgjot asins uztriepes ar binokulara mikroskopa Omax (Omax, Dienvidkoreja) palidzibu pie
40-2000x liela palielindjuma.

Koagulacijas faktori tika noteikti vienu dienu pirms un dienu péc 10% DMSO
ievadiSanas, ka arT pirms abam cASC ievadiSanam dzivniekiem. Asins paraugi koagulacijas
faktoru noteikSanai tika savakti stobrinos ar 3,8% natrija citratu; asins plazma tika centrifugéta,
iesaldéta —20°C un nosiitita uz IDEXX Vet Med laboratoriju (IDDEXX GmbH, Vacija)
analizém. Tika parbauditi $adi koagulacijas faktori: protrombina laiks, aktivéta parciala
tromboplastina laiks (aPTT) un fibrinogéns. To normalas veértibas ir: aPTT <13,5 sec;
fibrinogéns 1,2-2,9 g/l; protrombina laiks <18 sec.

Urina paraugi tika analizéti ar Combi-Screen Vet 11 Plus testa strémelém (Analyticon,
Vacija), nolasot rezultatu 60 sec péc parauga uzlikSanas. urina blivums tika noteikts, izmantojot
refraktometru. Urina paraugi tika centrifugéti pie 3500 rpm 10 min, un urina nogulsnés tika
parbaudita leikocitu, eritrocttu, epitelialo Siinu, baktériju (skaits/HPF), kristalu un cilindru
(skaits/LPF) klatbttne ar binokularo mikroskopu Omax pie 40-2000x liela palielinajuma.
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2.4.6. Sirdsdarbibas monitorings

Elektrokardiografiskie izmekl&umi tika veikti 24 h pirms un 3, 7, 14 dienas péc, bet
ehokardiografija - 24 h pirms un 3 dienas péc abam cASC ievadiSanam. Papildus tam,
nepartraukts Holtera monitorings tika veikts 24 h pirms, ka ar1 pirmo 24 h laika péc abam cASC
ievadiSanam.

Elektrokardiografija tika veikta, izmantojot BTL-08 aparatu (BTL Industries, Inc.,
ASYV), kamér dzivnieki gulgja uz laba sana. Tika iegiiti seSi novadijumi (I, II, III, aVR, aVL,
aVF). Dati tika saglabati un apstradati ar BTL programmatiiru (BTL Industries, Inc., ASV).
Elektrokardiogramma tika izmantota, lai analiz€tu sirds ritmu: raiditaja noradito primaro ritmu
(sinoatrialais mezgls, sinusa ritms) un sirdsdarbibas atrumu. II novadijums tika pielietots P-
QRS-T analizei.

Ehokardiografija tika veikta ar ultraskanas skeneri Philips HD-11 (Philips, Niderlande),
kameér dzivnieki gul&ja uz laba sana, lai iegiitu labas puses parasternalo proksimalo un
transverso sirds projekciju, un uz kreisa sana, lai iegiitu kreisas puses parasternalo apikalo
projekciju. Tika veikti sirds kreisa kambara standarta mérijumi sistolé un diastolé (M rezims),
laba kambara un priekSkambara vizualais novértgjums, kreisa priek§Skambara un aortas merijjumi
(2D rezima) un doplerografiskais izmeklgjums transmitralas un transtrikupsidas asins pliismas
(pulsa vilna doplerografija), ka art aortas un plausu arterialas asins plismas (nepartraukta vilpa
doplerografija) noteikSanai.

Holtera monitoringam tika pielietota Televet 100 sistéma (Televet, Vacija), piestiprinot
elektrodus dzivnieka kraSukurvim. Tika iegiiti standarta novadijumi I, IT un III. Iegtie dati tika
analizeéti, izmantojot Televet 100 programmatiiru. Sirds ritms tika analizéts péc
elektrokardiogrammas. Tika noteikts primarais ritma nodro$inatajs (sinoatrialais mezgls),
vidgjais sirdsdarbibas atrums katra monitoringa stunda, ka ar1 maksimalais un minimalais
sirdsdarbibas atrums.

2.4.7. Eitanazija, nekropsija un histologiska parbaude

Dzivnieki tika iemidzinati, izmantojot eitanazijai paredzeéto Skidumu T-61 (0,3 ml/kg),
kas saturgja 200 mg embutramida, 50 mg mebezonija jodida un 5 mg tetrakaina hidrohlorida 1
ml Skiduma. Eitanazijas $kidums tika ievadits intravenozi p&c intramuskularas nomierinosa
lidzekla injekcijas (acepromazina malats 0,02 mg/kg) un intravenozas narkozes lidzeklu
ketamina (4 mg/kg) un diazepama (0,4 mg/kg) injekcijas.

Nekropsija tika veikta 30 min péc eitanazijas; sunu kermeni bija loti laba p&cnaves
stavokli. Muskulu stivums vai autolize netika noveéroti. Apmatojums, ada un nagi bija tiri.
SievieSu kartas sunim ar€jas kermena atveres bija tiras un bez ekskrécijas. VirieSu kartas sunim
anala atvere bija atveérta un notraipita ar sausiem izkarnijjumiem; par&jas aréjas kermena atveres
bija tiras un bez ekskrécijas. SievieSu kartas sunim bija noveérojama neliela hipostaze uz laba
sana.

Dzivnieku audus un organus raksturojosi paraugi tika savakti un fikséti 10% formalina
(Sigma-Aldrich, Vacija) vismaz 24 h. leslégSanai parafina tika nogriezti mazaki audu un organu
gabali. Péc audu dehidratacijas pieaugoSas koncentracijas etanola paraugi tika ieslégti parafina
blokos un sagriezti 4 um biezuma. legiitie audu griezumi tika krasoti ar hematoksilinu un eozinu
un analiz&ti, izmantojot Olympus BX51 (Olympus, Japan) mikroskopus.

2.5. Statistiska analize

Blasttransformacijas eksperimentu dati ir paraditi ka vidgjais + standartnovirze (SD) no
tris atkartojumiem. hASC statistiskajai analizei tika pielietots nesaparotais Stjidenta t-tests.
Vidgjo lielumu salidzina$ana starp atSkirigam grupam tika veikta, izmantojot vienfaktora
dispersijas analizi (ANOVA). legiito datu normalsadalijums tika analizéts ar Brauna-Forsaita un
Bartleta testiem. AtSkiribas subjektu starpa un subjektu ieksgjas atSkiribas starp dazadam
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grupam tika noteiktas ar divfaktoru ANOVA, kam sekoja post-hoc tests. Visos gadijumos
divpakapju Bendzamini, Krigera un Jekutili metode tika izmantota ka post-hoc analize. Lai
noteiktu cASC imunosupresivo efektu, tika veikta korelacijas un regresijas analize. p veértibas,
kas bija mazakas par 0,05, tika uzskatitas par statistiski nozimigam. Blasttransformacijas datu
statistiskajai analizei, aprékiniem un grafiku iegiiSanai tika izmantota GraphPad Prism v7.0
MacOS programmatiira (GraphPad Software, ASV).

Statistiska analize hASC in vitro senescences eksperimentiem tika veikta, izmantojot R
v3.0.2 programmatiiru. Divu datu kopu salidzinaSanai tika pielietots t-tests vai Vilkoksona tests,
balstoties uz izkliedes viendabibu, kas tika noteikta ar F-testu. Saistiba starp rezultatiem, kas
iegiiti ar diviem dazadiem testiem, tika noteikta, izmantojot korelacijas vai regresijas analizi.
Korelacijas analizei tika pielietots Sapiro-Vilka normalitates tests, lai noskaidrotu, vai dati
atbilst normalsadalfjumam. Atkariba no normalitates, tika izmantota Pirsona vai Spirmena
korelacijas analize. Regresijas analize tika veikta, izmantojot Im() funkciju. Regresijas
pienémumi tika testeti ar grafiskas analizes palidzibu. Katra datu punkta ietekme uz regresijas
modeli tika noteikta, pielietojot Kuka distanci. Biitiskuma Itmenis visiem testiem bija o = 0,05.
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3. Rezultati un diskusija

3.1. hASC un cASC raksturojums
3.1.1. ASC kultiveSanas aspekti

ASC var viegli izdalit gan no cilvéka, gan supa taukaudiem. legtitas ASC no abiem
avotiem bija plastmasas adherentas $tuinas ar tipisku varpstveida morfologiju, kas ir raksturiga
hASC (Zuk et al., 2001) un jau ieprieks aprakstita ari cASC (Martinello et al., 2011; Neupane et
al., 2008; Vieira et al., 2010). Lai pavairotu ASC ar potencialu terapeitisko ve&rtibu, mes
izmantojam barotni ar AS, nevis FBS, lai izslégtu kontaminacijas risku ar sve§iem proteiniem,
kas varétu novest pie iesp&jamas autoimiinas reakcijas pret paSa pacienta cilmes §tinam (Spees
et al., 2004). Pirmas desmit dienas ASC tika kultivétas barotng, kas saturgja 10% AS, bet p&c
tam serumam daudzums tika samazinats lidz 5%. Mes esam izveértejusi, ka tas ir pietiekami
efektivai ASC proliferacijai, ka arT tas ir mazak invazivi pacientam, jo nepiecieSamais asins
apjoms seruma iegiiSanai ir mazaks neka tas biitu gadijuma, ja visu laiku tiktu izmantots 10%
AS. Mes esam noteikusi, ka $ados kultivéSanas apstaklos no sakotngjiem 5 ml taukaudu var
iegiit aptuveni 10° ASC P5 beigas. Tas ir pietickami 3—4 atkartotam ASC ievadidanam 90—100
kg smagam pacientam, izmantojot terapeitisko devu 3x106 Siinas uz kg kermena svara. Tapat ir
paradits, ka MSC no dazadiem avotiem dalas atrak (Im at al., 2011; Mizuno at al., 2006; Nimura
at al., 2008; Shahdadfar at al., 2005;) un saglaba augstaku nemetilétu stavokli ilgtermina kultiira
(Dahl at al., 2008), ja tas tick audzgtas barotn€ ar AS, nevis FBS.

Papildus tam, lai palielinatu izdzivoSanas iesp&jas in vifro pavairotam ASC péc to
ievadiSanas pacientam, ir svarigi samazinat atSkiribas starp apstakliem Stnu kultira un
ievadiSanas vieta. Ta ka praktiski visas $tinu kultiiras tiek audzetas pie atmosféras skabekla
koncentracijas (21%), bet skabekla koncentracija audos var svarstities no 4—14% labi apasinotos
organos lidz 0-4% kaula smadzen&s (Ivanovic, 2009), tad ievaditas ASC var saskarties ar
ieveérojamu hipoksisko stresu, kas noved pie apoptozes. Tapeéc més pielietojam 5% skabekla
koncentraciju ASC pavairoSanai, lai $tinam nodroSinatu vidi, kas ir lidzigaka in vivo apstakliem,
un samazinatu §iinu stresu. Agrakie pétijumi ir paradijusi, ka MSC, kas kultivétas hipoksiskos
apstaklos, uzrada paaugstinatu sp&ju atjaunot miokardu péc infarkta pazeminatas Stinu naves un
paaugstinatas angiogenézes dél (Hu et al., 2008). Tapat tam piemit straujaks audu atjauno$anas
potencials (Leroux et al., 2010; Rosova et al., 2008), pastiprinata bricu dzied€Sanas funkcija
(Lee et al., 2009) un palielinata iedzivoSanas sp&ja in vivo (Hung et al., 2007), salidzinot ar
Sunam, kuras kultivétas normoksiskos apstaklos. Ir pieradits, ka audzéSana pie samazinatas
skabekla koncentracijas palidz saglabat MSC multipotento un nediferencéto stavokli (Basciano
et al., 2011) un var noverst proliferativo senescenci un palielinat $iinu dzives ilgumu (Tsai et al.,
2011).

legtitie rezultati liecina, ka ne $tnu kultivéSanas barotne, kuras sastava FBS vieta bija
AS, ne $iinu audze$ana pie 5% skabekla koncentracijas neietekméja hASC un cASC raksturigo
fibroblastiem lidzigo morfologiju, un ta saglabajas lidz vélakam pasazam un péc divkarSas
sasaldesanas un atkaus€Sanas. Tas parada, ka ASC var tikt efektivi pavairotas, izmantojot §adu
metodologiju.

3.1.2. Siinas virsmas markieru ekspresija

Daudzi pétijumi ir veltiti plasai hASC raksturoSanai péc to fenotipiskajam un
funkcionalajam 1paSibam, sakot ar §inam stromas vaskularaja frakcija (SVF) un beidzot ar
velam Stnu pasazam (Astori at al., 2007; Gronthos at al., 2001; Katz at al., 2005; Mitchell at al.,
2006; Park at al., 2010; Varma at al., 2007; Yang at al., 2011; Zhu at al., 2008). Nesen ir
publicéta vispusiga kultivétu hASC fenotipa analize (Baer at al., 2013), un tadu jaunu zinatnisko
metozu ka daudzkrasu pliismas citometrija iesp€jas tiek izmantotas, lai raksturotu dazadas MSC
populacijas (Astori at al., 2007; Baer at al., 2013; Lin at al., 2008; Martins at al., 2009).
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Saja darba tika izmantota astopu krasu plismas citometrijas analize, lai noteiktu
izmainas $tinas virsmas markieru ekspresija dazadas hASC pasazas peéc vairak neka cetru gadu
ilgas glabasanas iesaldéta stavokli un divkaras sasaldé$anas. Siinas tika testétas uzreiz péc to
atkauséSanas, ka tas butu tieSi pirms ASC terapijas. Desmit dazadi virsmas markieri tika
vienlaicigi parbauditi uz katras hASC. Plusmas citometrijas analizei tika izmantotas hASC
(donora kods CS-5), kuras bija iesaldétas pec pasazam 2, 3, 4, 5 un 8. Siinu dzivotspgjas tests
(Sytol6 krasoSana), kas tika veikts katram atkaus€tajam paraugam, uzradija, ka dzivo $iinu
koncentracija visos paraugos ir vismaz 95%. legitie rezultati paradija, ka visas hASC ir
pozitivas péc tadiem MSC markieriem ka CD29, CD44, CD73, CD90, CD105 un negativas péc
HLA-DR, CD34 un CD14/CD19/CD45 apvienojuma. Salidzinot individualo markieru vidgjo
fluorescences intensitati visas parbauditajas pasazas, varéja noveérot markieru fluorescences
intensitates pieaugumu ar katru nakamo $tnu pasazu, iznemot CD44, kam tika detektéts strauj$
kritums P5 (1. attels). Ta ka hASC populacija saglabajas fenotipiski homogéna, ekspresgjot
CD29, CD44, CD73, CD90 un CDI105 visas parbauditajas pasazas, tad fluorescences
intensitates pieaugums var noradit uz proteina ekspresijas uzkrasanos ar katru nakamo pasazu.
Salidzinot fluorescences intensitati starp markieriem, varéja redzet, ka vislielakaja daudzuma uz
hASC virsmas ir atrodams CD90, kam seko CD29 un CD73, bet CD105 uzrada viszemako
ekspresijas Itmeni visas pasazas. legiitie dati norada, ka maksimalo proteina ekspresiju CD73 un
CD44 markieriem var noverot attiecigi PS5 un P4, bet CD29, CD90 un CD105 gadijuma var
detektét proteina pieaugumu lidz pat P8.
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1. attels. Sinas virsmas markieru ekspresijas fluorescences intensitates analize no cilvéka
taukaudiem izdalitas dazadu pasaZzu cilmes §iinas. Rezultati ir paraditi ka kastiSu diagramma,
kur medianas vértiba atainota ka Itnija, 25. un 75. procentile - ka kastite un 10. un 90. procentile
- ka slotinas. Datu analize veikta ar Infinicyt programmatiru (v1.5.0). Zvaigznites pie $tinu
pasazas ar visaugstako fluorescences intensitati norada uz statistiski nozimigu pieaugumu,
salidzinot ar P2. *** p < 0,001. IC — izotipa kontrole; P — pasaza; a.u. - arbitraras vienibas.

Dazi autori ir demonstréjusi pozitivo MSC virsmas markieru ekspresijas pieaugumu ar
pasazam (Mitchell at al., 2006; Park at al., 2010; Varma at al., 2007), tacu citi nav noverojusi
atSkirtbu no P3 Iidz P12 (Yang at al., 2011). Vislielakas domstarpibas pastav par CD34
ekspresiju hASC. Atseviskos pétijumos CD34 nav detektéts (Zuk at al., 2002; Zhu at al.,2008),
bet citi zino par augstu CD34 ekspresijas Itimeni (Gronthos at al., 2001; Park at al.,2010). Ka
iesp&jamos nesakritibu iemeslus zinatnieki min atSkirigus $iinu kultivéSanas apstaklus, donoru
specifiskas atSkiribas, antivielu iezimju izveli (Baer at al., 2013) un individualas robezu izvéles
strat€gijas, ko pielieto plismas citometrija (Astori at al., 2007).

cASC no P5 ar tika parbauditas péc septinu dazadu Siinas virsmas markieru
vienlaicigas ekspresijas, izmantojot daudzkrasu pliismas citometriju. Sytol6 krasos$ana paradija
apoptotisko $tnu daudzumu zem 5% abos cASC paraugos (2. F, L att€ls), demonstrjot augstu
Stnu dzivotsp&ju. Abu sunu cASC kultiiras uzradija fenotipiski homogénu $tinu populaciju, kas
ir izteikti pozitiva p€c MSC markieriem CD44 un CD73, vidgji pozitiva peéc CD90 un negativa
péc hemopoétisko cilmes Sinu markiera CD34 un leikocitu linijas antigenu CD45, CD14 un
HLA-DR apvienojuma (2. attéls).

Lidziga cASC virsmas markieru ekspresija ir aprakstita iepriek§ (Kisiel et al., 2012;
Martinello et al., 2011; Reich et al., 2012; Russell et al., 2016; Takemitsu et al., 2012; Vieira et
al., 2010). Lielaka dala no Siem pétjjumiem ir noteikusi konstantu CD90 un CD44 ekspresiju
kopa ar citiem pozitivajiem virsmas markieriem, tacu zinas par CD73 ekspresiju atSkiras dazadu
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autoru darbos. Dazi ir paradijusi vidéju CD73 ekspresiju (Russell et al., 2016), bet citi to nav
detekt&jusi vispar (Takemitsu et al., 2012; Vieira et al., 2010). Tapat lielakaja dala no
pétijumiem cASC nav atrasta CD45 ekspresija, tom&r vaja CD14 un CD34 ekspresija ir
detektéta (Russell et al., 2016; Vieira et al., 2010). Sis atikiribas varétu izskaidrot ar dazadam
taukaudu panemsanas vietam (Sullivan et al., 2016) vai antivielu variacijam, kas izmantotas
analizei.
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2. attels. Tikko atkausétu no suna taukaudiem izdalitu 5. pasazas cilmes Siinu fenotipiska
analize, izmantojot daudzkrasu pliismas citometriju. (A—E, G-K) Siinas virsmas markieru
CD90, CD44, CD73, CD34, CD45, CD14 un HLA-DR ekspresija (tumsie piki — izotipa
kontrole, gaiSie piki — specifisks krasojums). (F, L) Syto 16 Siinu dzivotsp&jas krasojums
(tumsie punkti — apoptotiskas §linas, gaiSie punkti — dzivas Stnas).
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Kopuma daudzkrasu pliismas citometrijas analize paradija, ka gan cilvéka, gan suna
ASC, kuras audzetas barotné ar AS un pie 5% skabekla koncentracijas, ekspresé tipiskus MSC
markierus vienlaicigi, neatkarigi no pasazas, demonstré loti homogénu Stnu populaciju un
uzrada augstu $tinu dzivotspéju péc ilgtermina glabasanas iesaldéta stavokli.

Papildus Stinas cikla analize paradija, ka hASC, kuras atrodas S un G2/M fazes, kopa
sastada aptuveni 2,8% P2 un P3, 3,4% P4 un P5, ka ar1 6,6% P8, demonstrgjot mitotiskas
aktivitates pieaugumu pa pasazam. Sadu prolifergjosu $iinu frakcija veidoja apméram 3%
virieSu kartas cASC un 6,9% sievieSu kartas cASC no P5. Ne hASC, ne cASC netika detektéta
aneiploidija.

3.1.3. ASC diferenciacijas spéja

ASC spgja diferencéties citos mezodermalas izcelsmes §tinu veidos ir galvenais
stirakmens to identitates apstiprinasanai. Lai noteiktu, vai ASC, kuras kultivétas barotné ar AS,
saglaba savu potencialu diferencéties par adipocitiem, osteocitiem un hondrocitiem, hASC
(donora kods CS-5) no P3 tika paklautas in vitro diferenciacijai. Tads pats eksperiments tika
atkartots pec So $iinu uzglabasanas iesaldéta stavokli vairak neka Cetrus gadus, lai parbauditu to
spéju saglabat diferencé$anas potencialu péc ilgtermina glabaSanas un vélakas pasazas,
pieméram, P6. legiitie rezultati paradija, ka hASC no P3 (Bogdanova et al., 2010) un P6
(Bogdanova et al., 2014) var efektivi diferencéties par adipocitiem un hondrocitiem, bet kalciju
saturoSa ekstracelulara matriksa veidoSanas, kas apstiprinatu osteogéno diferenciaciju, ir vaja P3
un samazinas vel vairak P6. Ta ka, visticamak, tas ataino hASC donora ipatnibu, jo Sis pats
diferenciacijas protokols ir devis labus rezultatus ar citu donoru hASC, tad nav iesp&jams
apgalvot, ka barotné ar AS audz&tu hASC spé&ja diferencéties par osteocitiem vélakas pasazas
samazinas. Citi autori ir paradijusi, ka hASC, kuras kultivétas standarta barotng, saglaba savu
diferenciacijas potencialu lidz P10 vai P13 (Wall et al. 2007, Gruber et al. 2012), bet ta kritums
novérojams P25 (Zhu et al., 2008).

Lai parbauditu cASC in vitro diferenciacijas potencialu, P6 Siinas art tika diferenc@tas
adipogénaja, hondrogénaja un osteogeénaja virziena. hASC no P6 paraléli tika paklautas tadiem
pasSiem diferenciacijas protokoliem, kalpojot ka pozitiva kontrole. legiitie rezultati paradija, ka
gan cASC, gan hASC piemit Iidzigs hondrogénais un osteogénais diferenciacijas potencials.
Hondrogenas diferenciacijas Alcian Blue krasojums (3. C, H, K att€ls) apstiprinaja sulfatus
saturoSu glikozaminoglikanu klatbiitni, kas raksturigi hondrocitu ekstracelularajam matriksam,
un skrimslim Iidzigas lakiinu strukttras. Kalcija nogulsnes mineralizéta ekstracelularaja
matriksa, ko razo diferenc@ti osteoblasti, tika detekt€tas, izmantojot Alizarin Red S krasoSanu
osteogénas diferenciacijas paraugiem (3. E, I, L attéls). Diferenciacija par adipocitiem tika
parbaudita ar Oil Red O krasvielu (3. A, G, J attéls). Lai gan cASC demonstréja spgju
diferencéties par adipocitiem, ta bija butiski samazinata, salidzinot ar hASC. Tikai dazas cASC
uzradija iek$sunas lipidu granulu uzkrasanos, neskatoties uz to izmainito morfologiju. Tada pati
tendence ir noveérota jau iepriek§ (Vieira et al., 2010), tau indukcijas protokola optimizacija
sp&j uzlabot adipogéno diferenciaciju (Neupane et al., 2008). ArT mé&s esam méginajusi attiecigi
izmainit pielietoto diferenciacijas protokolu, tacu tas nesekméja cASC diferenciaciju par
adipocitiem (dati nav paraditi). Tas, ka cASC diferenciacija vairakas Stnu linijas tika veikta P6,
arl varétu izskaidrot vajo adipogéno diferenciaciju. Ta ka meés noverojam osteogénas
diferenciacijas potenciala samazinaSanos vélakas hASC pasazas, pastav iesp€ja, ka tas pats
attiecas uz cASC. Ne cASC, ne hASC uzradija adipoge€nas vai osteogénas diferenciacijas
pazimes kontroles barotnés, iznemot gaiSi zilu krasojumu, kas tika detekt€ts hondrogénaja
kontrolg. Rezultati ar sievieSu kartas cASC kontroles barotnés ir paraditi Seit ka piemérs (3. B,
D, F attgls).

Kopuma rezultati no noveérotas §tnu morfologijas, virsmas markieru ekspresijas un
diferenciacijas par adipocitiem, osteocitiem un hondrocitiem apstiprinaja gan hASC, gan cASC
atbilstibu izvirzitajiem MSC krit€rijiem (Dominici et al., 2006) un paradija to savstarp&jo
lidzibu.
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3. attéls. No supa un cilvéka taukaudiem izdalitu 6. pasaZas cilmes Siinu in vitro
diferenciacija adipogénaja, hondrogenaja un osteogenaja virziena. (A, G, J un B)
Diferencéto un kontroles $tinu Oil Red O krasojums. Siinas papildus krasotas ar hematoksilinu.
(C, H, K un D) Diferencé&to un kontroles §tinu Alcian Blue krasojums. (E, F, L un I) Diferenc&to
un kontroles $iinu Alizarin Red S krasojums. Méroga skalal00 um.

3.1.4. ASC imunosupresivas ipasibas

Lai noteiktu hASC inhibitoro efektu uz T §tnu proliferaciju, tika izmantotas hASC
(donora kods CS-5) no P3, P6 un P9. Sis efekts tika izvértéts, audzgjot kopa hASC un PBMNC,
kuras stimulétas ar fitohemaglutininu (PHA), dazadas attiecibas. Ar PHA stimulétas PBMNC
tika pielietotas ka pozitiva kontrole, bet vienas paSas PBMNC - ka negativa kontrole.
Ievérojama hASC spgja izraisit PBMNC proliferaciju netika novérota, un PHA stimulacijai
nebija proliferaciju izraisosa efekta uz hASC (4. A attéls). ASC un ar PHA stimul&tu autologu
PBMNC blasttransformacijas reakcija tika detekt€ts no devas atkarigs visu triju pasazu hASC
imunosupresivais efekts, kas sasniedza savu maksimumu pie hASC:PBMNC attiecibas 1:1 (4. B
attéls). Bitisks PBMNC proliferacijas samazinajums tika novérots ari pie hASC:PBMNC
attiecibas 1:10, izmantojot hASC no P3. Tas liek domat, ka agraku pasazu hASC var uzradit
izteiktaku imunosupresivo efektu neka velaku pasazu S§tinas. Dazadu MSC populaciju
imunosupresivas Ipasibas, ilgstosi kultiv§jot, nav plasi pétitas. Tikai dazi p&tjjumi par $o t€mu ir
publicéti, un tie parada, ka hASC imunosupresivais efekts neatskiras starp P2 un P5 (Cui at al.,
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2007) un MSC nezaud€ savu imunosupresivo aktivitati lidz P6 vai P7 (Samuelsson at al., 2009),
bet ta samazinas péc P7, salidzinot ar agrakam pasazam (Auletta at al., 2001).

P6 cASC imunosupresivais efekts tika parbaudits tada pasa veida. cASC demonstréja
statistiski nozimigu PBMNC proliferacijas samazinajumu, kad cASC:PBMNC attieciba
sasniedza 1:40 vai mazak (5. A attéls) (rezultati ar virieSu kartas cASC ir paraditi Seit ka
piemeérs). Tapat ka hASC eksperimenta, novérotais cASC imunosupresivais efekts bija atkarigs
no devas, sasniedzot savu maksimumu pie cASC:PBMNC attiecibas 1:1, un cASC un hASC
imunosupresivo sp&ju regresijas analize apstiprina $o lidzibu (5. B attéls).

Dati no ASC un autologu PBMNC blasttransformacijas reakcijas paradija, ka ASC,
kuras audzetas barotné ar AS un pie 5% skabekla koncentracijas, nomac PBMNC proliferaciju
no devas atkariga veida tapat ka hASC (Cui at al., 2007, Yafiez at al., 2006) vai cASC (Kang et
al., 2008; Russell et al., 2016), kuras kultivétas standarta barotné ar FBS. Sadai ASC
imunosupresivajai sp&jai var bt nozimigs terapeitiskais potencials neskaitamu imunologisko
saslim$anu arsté€Sana gan cilvékiem, gan suniem.
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4. attels. No cilveka taukaudiem izdalitu cilmes Stinu (hASC) un autologu periféro asinu
mononuklearo Sinu (PBMNC) blasttransformacijas reakcija. (A) Negativas un pozitivas
kontroles. (B) Dazadu pasazu hASC nomacoSais efekts uz PHA stimulétu PBMNC proliferaciju
in vitro. Rezultati ir izteikti ka skaitfjumi mintté (cpm). Dati parada vid&jo + SD no tris
atkartojumiem. Zvaigznites norada uz statistiski nozimigu atskiribu, salidzinot ar PHA
stimulétam PBMNC; *p < 0,05, **p <0,01. P — pasaza; PHA — fitohemaglutinins.
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5. attels. No taukaudiem izdalitu cilmes Sinu (ASC) un autologu periféero asinu
mononuklearo Sainu (PBMNC) blasttransformacijas reakcija. (A) 6. pasazas suna ASC
(cASC) nomacosais efekts uz PHA stimulétu PBMNC proliferaciju in vitro. Rezultati ir izteikti
ka skaittjumi mintte. (B) cASC un cilvéka ASC (hASC) imunosupresivo spéju salidzinajums.
Dati parada vidéjo + SD no tris atkartojumiem. Zvaigznites norada uz statistiski nozimigu
atSkiribu, salidzinot ar PHA stimulétam PBMNC; ****p < 0,0001 (cASC); ++++p < 0,0001
(hASC). PHA2 — fitohemaglutinins beigu koncentracija 2 pg/ml.

3.2. hASC in vitro senescence

ASC in vitro drosiba tiek raksturota ar So §tinu morfofunkcionalo stavokli senescences
procesa laika. Lai noteiktu in vitro pavairotu ASC droSumu, ir nepiecieSams parbaudit to
biologisko novecoSanos $tnu kultivésanas laika.

3.2.1. hASC augs$anas kinétika, morfologija un klonogenitate

Lai noveérte€tu hASC senescenci, astonu donoru cilmes Stinu kulttiras (1. tabula) tika
paklautas ilgstoSai in vitro kultivéSanai. Individualas hASC kultiras sasniedza proliferacijas
arestu ievérojami dazada laika, ka to parada atSkiribas attiecigajas kumulativajas PD vértibas (6.
A attels). Tris Stnu kulttiras parstaja dalities jau péc trijam (CS-4) vai cetram (CS-5, CS-7)
pasazam (kumulativas PD bija attiecigi 8,02, 8,30 un 10,19) un tika izslégtas no turpmaka
senescences novertéjuma ka nesekmigi pavairotas. Atlikusajas hASC kultiiras kumulativais PD
skaits bija robezas no 14,69 (CS-6) Iidz 28,97 (CS-8) (1. tabula).
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1. tabula. Petljuma izmantoto no cilveka taukaudiem izdalitu mezenhimalo cilmes Sinu
kultiiru parskats.
Kriouzgla-

Kultiras basanas Donora Donora Sakuma Beigu Kumulativais
kods ilgums, szgi)nss’ dzimums pasaza pasaza PD
gados
CS-1 3 61 VII. P3 P11 20.46
CS-2 2.5 57 siev. P3 P9 17.46
CS-3 2 63 VIr P3 P13 23.28
CS-4 2 43 VIr P3 PS5 8.03
CS-5 1.5 47 VIr P4 P7 8.29
CS-6 3 38 siev. P3 P8 14.69
CS-7 2.5 38 VIr P3 P6 10.19
CS-8 3.5 27 siev. P3 P14 28.97

P - pasaza; PD - populacijas dubultosanas.

Visu §tnu kultiiru proliferacijas atrums pavairo$anas laika samazinajas nevienmerigi (6.
B attels), lai gan tika uzturéta pastaviga sadaliSanas attieciba, pars€jot vienlidz blivas monoslana
Stinu kultiras. Viens (CS-1, CS-3, CS-6, CS-8) vai divi (CS-2) izteikti paaugstinata PDT piki
tika noveroti kultiveésanas vidusdala, kam sekoja proliferacijas reaktivacija sekojoSajas pasazas.
Visu hASC kultiiru proliferacijas spgja tika zaudéta loti strauji pedeja pasaza, ko pierada PDT
pieaugums 3,7 lidz vairak neka 10 reizes, salidzinot ar priek§péd€&jo pasazu. Ari nelielais
kumulativais PD skaita pieaugums pédgéja pasaza noradija uz proliferacijas arestu (6. A attéls).
Ir zinots, ka MSC proliferacijas potencials samazinas gan ar pieaugosSu kultivéSanas laiku, gan
ar donora vecumu (Izadpanah et al., 2006). Més atklajam pozitivu regresiju starp pasazu skaitu
un PDT (p < 0,05) CS-1 un CS-3 paraugos, tacu CS-6 un CS-8 gadijumos p vertiba bija tuva
biitiskuma robezai. Sada saistiba nebija novérojama CS-2 parauga augsanas liknes ipatnibu dg].
P&c nesekmigi pavairoto hASC kulttiru izslég$anas no analizes, pargjos paraugus vargja iedalit
divas atSkirigas vecuma kategorijas: virs 50 (CS-1, CS-2, CS-3) un zem 40 gadiem (CS-6, CS-
8). Bitiskas atSkirtbas augSanas kinétika starp §Tm grupam netika noveérotas, lai gan nelielais
paraugkopas lielums vargtu samazinat §1 novérojuma ticamibu.

Morfologiski visas hASC kulttiras uzradija tipisku varpstveida izskatu agras pasazas.
Illgtermina kultivéSanas laika tika noverotas visbiezak aprakstitas izmainas, kas saistitas ar §tinu
novecos$anos: videéja $iinu izme&ra un heterogenitates pieaugums, $iinu saplacina$anas, neregulara
$tunu forma un granularu ieslégumu uzkrasanas citoplazma. Tapat vélakas pasazas $iinam vairak
bija tendence augt zvaigznveida sakopojumos, nevis veidot monoslani (6. C att€ls). Tacu lidzigi
svarstibam hASC augSanas atruma kultivéSanas laika, ari morfologiskas izmainas neuzkrajas
vienmérigi. Atkartota varpstveida $iinu paradisanas tika novérota CS-1 parauga P8. Sis §iinas
domingja ar1 P9 un P10, un tam piemita paaugstinatas proliferativas sp€jas, ko apliecina PDT
samazinajums par 37,5% un 54,2% attiecigi P9 un P10, salidzinot ar P7 (6. B attéls). Lidzigi
noveérojumi tika detekteti art citas hASC kultiiras.

Agras pasazas starp donoriem netika noverotas biutiskas atSkiribas $tunu morfologija.
Tomeér ilgtermina kultivéSanas laika kluva redzamas donoru specifiskas 1pasibas Stnu izskata
(dati nav paraditi), noradot uz atSkirigdm novecoSanas noris€m individualas hASC kulturas.
Tacu neskatoties uz to, visas $iinu kultiiras sasniedza galgjo senescenci tipiski novecojusu §tinu
izskata un nespéja dalities talak.

Izmainas hASC klonogenitaté tika noteiktas, pielietojot CFU parbaudi. P&tijumos ir
zinots, ka koloniju veidoSanas sp&ja negativi korele ar PDT, donora vecumu un pasazu skaitu
(Digirolamo at al., 1999). Miisu rezultati paradija negativu korelaciju starp CFU testa vertibu un
PDT, bet ta nebija biitiska (p>0,05). Tacu pastaveja statistiski nozimiga negativa saistiba starp
CFU testa veértibu un pasazu skaitu (p < 0,05). Tapat ka ieprieks, tika noverotas donoru
atSkiribas (6. D attgls).
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6. attéls. No cilveka taukaudiem izdalitu dazadu donoru (CS-1-CS-8) cilmes §iinu (hASC)
proliferacijas sp&ja, morfologija un klonogenitate ilgtermina in vitro kultivéSanas laika.
(A) Kumulativas populacijas dubultosanas (PD). (B) hASC proliferacijas liknes, kas parada
populacijas dubultosanas laiku (PDT) katra pasaza. (C) hASC morfologija ilgtermina
kultivéSanas laika. Monoslana $iinas agra (augsgjais kreisais) un véla (augsgjais labais) pasaza,
un suspend@tas Stinas agra (apaksgjais kreisais) un véla (apaksgjais labais) pasaza. (D) hASC
klonogenitates potencials. Augsgjais att€ls — relativas CFU testa vertibas; apak3$gjais attéls —
CFU testa plate, kas parada donoru atskiribas. OD - optiskais blivums.

3.2.2. hASC diferenciacija

Tika analizétas atSkiribas adipogénas un osteog€nas diferenciacijas potenciala starp
hASC no agras (P3) un velas (P9) pasazas. Diferenciacija par adipocitiem tika parbaudita,
krasojot iek$Siinas lipidu granulas ar Oil Red O krasvielu pe 16 dienu kultivéSanas
diferenciacijas barotné. Osteogenéze tika parbaudita ar sarmainas fosfatazes aktivitates
noteikSanu un kalcija nogul$nu krasoSanu ar Alizarin Red S p&c 30 dienu diferenciacijas.
Rezultati apstiprinaja hASC sp€&ju diferencéties $ajas divu veidu $tnu Iinijas, bet ar dazadu
efektivitati starp donoriem (7. att€ls). Gan lipidu ieslégumu uzkrasanas, gan ekstracelularais
kalcijs bija butiski samazinats P9, salidzinot ar P3 (7. A, B attéls), tacu sarmainas fosfatazes

aktivitates limenis palika nemainigs abas pasazas (7. C attels).
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7. attéls. No cilvéka taukaudiem izdalitu cilmes Sinu (hASC) diferenciacijas potencials
divas Stunu linijas. Ir paradits salidzinajums starp diviem zimigiem hASC paraugiem (donori
CS-3 un CS-8) no agras (P3) un vélas (P9) pasazas, kas ataino donoru specifiskas at$kiribas. (A)
Diferenciacija par adipocitiem, ko pierada lipidu ieslégumu krasojums ar Oil Red O. (B, C)
Diferenciacija par osteocitiem, kas noteikta péc ekstracelulara kalcija Alizarin Red S krasojuma
(B) un sarmainas fosfatazes aktivitates (C).

3.2.3. Ar senescenci saistitas f-galaktozidazes ekspresija

SA-B-gal ir visparpienemts $inu senescences raditajs, un tas ekspresija tika noteikta
katra otraja hASC pasaza ilgtermina kultivéSanas laika. Ka gaidits, neliela vai nekada SA-B-gal
ekspresija tika atklata agras pasazas, un ta turpinaja pieaugt turpmakas $tinu kultivéSanas gaita
(8. attéls). Sis rezultats tika apstiprinats ar regresijas analizi, kas atklaja pozitivu saistibu starp
SA-B-gal ekspresijas vertibu un pasazu skaitu. Tomér SA-B-gal ekspresijas Iimena svarstibu dél
CS-1, CS-3 un CS-8 paraugos (dati nav paraditi) ta nebija biitiska (p > 0,05). Interesanti, ka §is
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svarstibas sakrita ar tam, kas tika noverotas S$iinu augSanas analiz€, un to apstiprindja arl
statistiski nozimiga pozitiva korelacija (p < 0,05) starp SA-B-gal ekspresijas [imeni un PDT.

o = N W H
1

Krasojuma intensitate (AU)

P34

8. attels. Ar senescenci saistitas p-galaktozidazes (SA-B-gal) ekspresija no cilveka
taukaudiem izdalitas cilmes Siinas (hASC) ilgtermina kultivéSanas laika. Paaugstinata SA-
B-gal ekspresija hASC ilgtermina kultiveéSanas laika (apak$gjie attéli) ar attiecigajiem vizuala
novert§juma datiem (augS€jais grafiks). AU - arbitraras vienibas; P - pasaza. Kliidu stabini
parada standartnovirzi.

3.2.4. Relativais telomeéru garums (RTL) un hASC subpopulaciju noteik§ana

Lai parbauditu, vai hASC senescences fenotips ir saistits ar izmainam teloméru garuma,
tika pielietota fluorescences in situ hibridizacijas metode priek§ pliismas citometrijas (Flow
FISH), izmantojot ar FITC konjugétas telom&ram specifiskas peptidu nukleinskabju zondes.
Specifiska fluorescence tika aprékinata, atnemot to Stinu autofluorescenci, kuram zonde netika
pievienota. Katram paraugam tika pievienotas Jurkat Stnas attieciba 1:1, lai normalizétu
atSkiribas starp eksperimentiem. Rezultati paradija, ka RTL bitiski samazinajas CS-3 un CS-8
paraugos, salidzinot sava starpa pirmo un p&dgjo pasazu (attiecigi 52,3% un 35,8%, p < 0,05)
(9. A attels). Tacu tapat ka ieprieks€jos testos, pasazu laika bija nov@rojamas RTL svarstibas,
noradot uz senescences procesa sarezgito dabu.

Lai noteiktu, vai telom&ru garuma pieaugums, kas tika noveérots dazas pasazas, varétu
but noticis teloméru pseidopagarinaSanas rezultata, ko izraisa dazadu §tinu subpopulaciju
klatbtitne, tika analizéts uz priekSu verstas gaismas izkliedes signals pret telom&ru specifisko
FITC fluorescenci. Parsteidzosa karta, visos paraugos un visas pasazas tika atklatas divas labi
atSkiramas hASC subpopulacijas, bet ar dazadam kvantitativajam attiecibam starp donoriem (9.
B attéls). Sis rezultats bija specifisks hASC, jo tads novérojums netika atklats vienlaicigi
test€tajam Jurkat Stinam (9. B attéls, apaks€ja diagramma). Interesants ir fakts, ka atklatajas
subpopulacijas biitiski atskiras RTL un §tnu izmérs (p < 0,05, 9. C, D attéls), tapec tas tika
nodévétas par populacijam S ("mazas" §iinas) un L ("lielas" $iinas). S populacijas vidgjais RTL
bija 0,95 Iidz 1,75 reizes 1saks neka L populacijai, un atSkiriba §tinu izmeéra bija divkarsa Iidz
triskarsa, atkariba no parauga.

Pakapenisks RTL samazinajums pa pasazam tika novérots abas CS-3 un CS-8 paraugu
populacijas, bet CS-1 gadijuma - tikai L populacija (p < 0,05). Tapat RTL saisinaSanas CS-1,
CS-3 un CS-8 paraugos notika daudz straujak L populacija, salidzinot ar S populaciju, bet
peédeja pasaza RTL atskiriba starp abam populacijam kluva nebttiska. Ta ka p&deja pasaza
Stinas zaud€ja savas proliferativas sp&jas loti atri (6. A, B attéls), tad tas var noradit uz kritisko
teloméru garumu, kas bloke talaku proliferaciju. CS-2 un CS-6 paraugi sekoja citam modelim.
CS-6 gadijuma neviena no populacijam netika novérotas biitiskas RTL izmainas pa pasazam (p
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>0,05), bet CS-2 gadijuma izmainas tika detekt&tas tikai S populacija, bet tas nebija butiski
saistitas ar pasazu skaitu (p>0,05). Tadgjadi So hASC kultiiru senescenci var bit izraisijusi citi
faktori, nevis kritiski 1sas telom&ras.

A B
—_ 17 - g B
2 *Cs-1 5 = ]
=~ 15 1 o &
2 Cs-2 S
£ % 8 -
213 ACS-3 x 2
o A < 5
5 11 cs-6 S 8
© - [
£ 091 % xCS-8 a
207
@8 = 10 10 10 10°
g 2 5
lﬁ 0.5 A N i ¢
s s B
& 03 - g = L/
S 5
0.1+ o8
> J )
P3 P5 P7 P9 P11 P13 P14 = 5
< 2 7
§ 7
* *k B (=
(o s 16 ‘ D 5 160 KS
'ﬂE’ ) 14 \ T g 10 T 10 w1t 10
oz 12 1 ® 120 - T _
&5 - .g 100 - Teloméru FITC-A
.g § 08 | T N 80
2 06 Il 2 60-
=] <
o O 0 ‘ =3 J
s 4 | 5 40
L P 1 20 -
0+ 0+ —
s L s L

9. attels. In vitro pavairotu no cilveka taukaudiem izdalitu dazadu donoru (CS-1-CS-8)
cilmes Siinu (hASC) relativais teloméru garums (RTL) un hASC subpopulaciju
noteik§ana. (A) RTL dinamikas Flow FISH analize ilgtermina kultivéSanas laika. Katrs datu
punkts ir izteikts ka vid&jais = SD no dubultiem mérjjumiem. Nepartraukta linija ataino piecu
(P3-9), tr1s (P11) un divu (P13) paraugu vidéjo RTL. (B) RTL mé&rijjumu laika tika atklatas divas
hASC subpopulacijas (S un L) (augsgja diagramma). Tacu kontroles Jurkat §tinas bija tikai
viena populacija (apaksgja diagramma, J). S un L populacijas atSkiras péc to RTL (C) un $tinu
izméra (D) (dati izteikti ka piecu paraugu CS-1,2,3,6,8 visu analiz€to pasazu vidgjais = SD; *p
< 0,05, **p =0,001). AU - arbitraras vienibas; P - pasaza.

llgtermina kultivéSanas laika tika nove€rotas izmainas abu subpopulaciju kvantitativajas
attiecibas donoriem specifiska veida. Salidzinot S populacijas lieluma dinamiku ar proliferacijas
palélinasanas pikiem (6. B attéls), tika atklats, ka Sie piki atbilst vai nu S populacijas Siinu
augstakajam procentualajam daudzumam (CS-1 gadijuma S Stnu daudzums bija 2,6% P3 un
10,9% P7; CS-8 gadijuma — 3,0% P3 un 32,6% P7) vai nozimigam RTL samazinajumam S
populacija (CS-3 gadijuma RTL samazinajas par 35% P9, salidzinot ar P7; CS-2 gadijuma — par
49% P7, salidzinot ar P5).

Tiek uzskatits, ka MSC kulturas ir heterogénas un tas veido $iinu subpopulacijas ar
dazada veida iezim@m, ieskaitot potencialu diferencéties vairakas S$tnu linijas, augSanas
Tpatnibas un klonogenitati (Lee at al., 2010; Rada at al., 2011). Stinu subpopulacijas, kam piemit
specifiskas 1pasibas, pavairoSanas laika ir iesp&jams atlasit (Cholewa at al., 2011). Tomér paliek
jautajums, vai S un L populaciju atklajums ataino "istas" hASC subpopulacijas. Lai sagatavotu
Stunas RTL mérijjumam, tas tiek paklautas tadiem skarbiem apstakl]iem ka denaturacijai augsta
temperatiira haotropiska lidzekla (formamida) klatbutng, kas ir paradijis kaitigu ietekmi uz
hromosomu morfologiju (Winkler at al., 2003). Turklat ir zinots, ka karstums un formamida
apstrade izmaina cilvéka leikocitu apakSgrupu gaismas izkliedes 1paSibas, salidzinot ar
neapstradatu kontroli (Baerlocher at al., 2002). Saja pétijuma tika pamanita arT §inu piebriesana
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péc ilgakas noturéSanas hibridizacijas maisjjuma, un ta bija atkariga no bufera sastava, kas
izmantots §iinu suspendésanai. Tadgjadi S un L populaciju uz priekSu verstas gaismas izkliedes
signali obligati nenorada So $inu patieso izméru, bet tie biitu vairak jauztver ka parbaudito
hASC iezime, kuras rezultata veidojas divas atSkirigas atbildes reakcijas uz $iinu apstrades
apstakliem un ir nosakamas ar Flow FISH metodi. Neskatoties uz to, $So divu populaciju RTL
atSkiriba ir skaidri redzama. Turklat, lai gan kontroles Jurkat $tinas tika paklautas tadai paSai
apstradei, tas saglabaja savu optisko homogenitati un netika sadalitas atseviskas subpopulacijas,
liekot domat, ka Sis fenomens nav vienkarsi artefakts.

Lai arT ir aprakstiti vairaki senescences mehanismi, teloméru garuma saisinasanas ir
pétita visvairak. Citas pétjjumu grupas zino par dazadiem rezultatiem saistiba ar teloméru
garuma lomu senescences izraisiSana (Noh at al., 2010; Samsonraj at al., 2013). Iegtti rezultati
lava secinat, ka petitajas hASC kultiras var noverot gan no telom&ram atkarigus, gan
neatkarigus novecoSanas mehanismus. Balstoties uz telomé&ru saisinasanas veidu, kas tika
noverots S un L populacijas, més domajam, ka tris hASC kultiiras (CS-1, CS-3, CS-8) sasniedza
replikativo senescenci (L populacijas telom&ru garums sasniedza S populacijas teloméru
garumu kultivéSanas beigas), bet pargjas divas (CS-2, CS-6) — priekslaicigo senescenci (L
populacijas teloméru garums bitiski nemainijas). Tris paraugi, kas tika izslégti no pétjjuma
(CS-4, CS-5, CS-7), visticamak, var tikt pievienoti priek$laicigas senescences grupai. Ir zinots,
ka MSC parstaj daliSanos, kad to teloméras sasniedz aptuveni 10 kb garumu (Baxter at al.,
2004). Tacu tapat ir zinams, ka kritiskais telom&ru garums var bt tik zems ka 4.5 kb (Bodnar at
al., 1998). Nemot vera vidgjo zinoto Jurkat §tinu teloméru garumu (11.5 kb) (Treff at al., 2011),
kuras kalpoja ka RTL analizes kontrole, miisu gadijuma ekstrapolétais L subpopulacijas
telom@ru garums pedgja pasaza CS-1, CS-3 un CS-8 paraugos bija attiecigi 9,89, 6,78 un 8,28
kb, kas ir saskana ar zinatnisko literatiru un replikativas senescences jédzienu. No otras puses,
tie pasi merijjumi atklaja, ka CS-2 parauga teloméru garums bija 13.57 kb un CS-6 parauga -
17.82 kb, papildus apstiprinot pienémumu par priekslaicigo senescenci $ajos paraugos. Turklat
So paraugu kopégjais PD skaits bija zemaks neka CS-1, CS-3 un CS-8 paraugos (1. tabula), un
tads pats rezultats tika novérots SA-B-gal testa, kur vidéja enzima ekspresija CS-2 un CS-6
paraugu pedeja pasaza bija 1,88 reizes zemaka neka citu paraugu pedejas pasazas (dati nav
paraditi).

Spriezot pé€c miisu rezultatiem, priekSroka vienai no abam senescneces formam —
replikativajai vai prieks$laicigajai — Siinas tiek dota donoram specifiska veida. Visas hASC
kultiras tika sakotn&jie iegiitas vienada veida, paklautas stresam, izmainot kultivéSanas
apstaklus, un pavairotas vienlaicigi vienos un tajos paSos apstaklos. Tome&r viens no
galvenajiem noveérojumiem 81 pétjjuma laikd ir augstais atSkirtbu Iimenis, kas redzams
individualu donoru hASC kulturas. Jau iepriek§ MSC, kuras iegiitas no dazadiem donoriem, ir
noverotas atSkirigas augSanas IpaSibas un funkcionalitate (Digirolamo at al.,1999), un tas,
visticamak, ir izskaidrojams ar katra donora atSkirigo genétisko fonu, slimibas vé&sturi un
dzivesveidu.

3.3. cASC in vivo droSums

ASC in vivo drosums tika parbaudits, izmantojot tikko atkaus€tas cASC no P5, kuras
audzetas hipoksiskos apstaklos AS klatbiitn€ un paklautas diviem sasaldéSanas un atkaus€Sanas
cikliem. Sis $inas tika intravenozi ievaditas diviem biglu Skirnes suniem. Sakotngji tikai
Skidums ar 10% DMSO, kas ir atrodams §tinu iesaldeéSanas barotng, tika injic€ts intravenozi, lai
parbauditu ta iesp&jamos blakusefektus. Tam sekoja cASC terapeitiskas devas ievadiSana un
piecas reizes lielakas devas ievadiSana meénesi veélak. Pirmaja stadija tika parbaudits plausu
"barjeras" efekts, novert§jot asins un urina testu rezultatus, -elektrokardiogrammu,
ehokardiogrammu un uzvedibu, lai izslégtu plausu trombembolisma risku. Otraja stadija tika
veikta dzivnieku nekropsija un tai sekojos$a histomorfologiska analize, lai noteiktu v&linas
izmainas audos un izslégtu atipisku audu vai audz&ju veidosanas risku.
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3.3.1. Dzivnieku uzvediba

Dzivnieku uzvediba tika veért€ta pirms un péc intravenozas cASC un 10% DMSO
Skiduma ievadiSanas. Sabiedriskuma tests paradija, ka abi suni saglabaja mieru un relaksétu
kermena staju. Vini apostija un izpétija parbaudes un procediiru telpas, ka arl veidoja acu
kontaktu un mierigu socialo kontaktu ar cilvékiem. Abi suni lavas zobu parbaudei 5 sec bez
pretosanas. Tapat vini neizvairijas no glaudiSanas un dazadu kermena dalu aiztikSanas, ieskaitot
asti un ausis, vismaz 5 sec. Visu procediiru gaita dzivnieki bija mierigi, un cASC vai DMSO
ievadiSana neizraisija nekadas izmainas augstak minétaja dzivnieku uzvediba.

3.3.2. Asins un urina testi

Pec 10% DMSO injekcijas nozimigas izmainas asins un urina testu rezultatos netika
noverotas.

Tapat asins testi bija normali péc terapeitiskas cASC devas (2x106 dzivas Siinas/kg)
ievadiSanas, iznemot kopgjo bilirubina limeni asinis sievieSu kartas sunim, kas bija 25 pmol/l
(normalas veértibas ir 0-10,20 pumol/l) 24 h péc cASC ievadiSanas un 11 pumol/l 3 dienas p&c
Stunu ievadiSanas procediiras (10. attéls). Urina testi paradija, ka bilirubina un urobilinogéna
Itmeni urina sievieSu kartas sunim bija paaugstinati 24 h péc cASC ievadiSanas, kad bilirubins
tika noverteéts ka ++ (norma ir +) un urobilinoéns bija 140 pumol/l (norma ir 3,5 pumol/l).
Bilirubina Iimenis asinis palika nedaudz palielinats ar1 3 un 7 dienas péc cASC ievadiSanas.
Virie$u kartas sunim bilirubina Itmenis asinis un urina bija normals visu laiku.

P&éc otras cASC ievadiSanas ménesi velak, izmantojot piecas reizes lielaku $tinu devu
(1x107 dzivas Stnas/kg), asins un urina testi bija normali, iznemot bilirubina Itmeni urina
sievieSu kartas sunim, kas bija paaugstinats 24 h un 3 dienas péc $iinu ievadiSanas procediiras.

Ta ka primarie aknu parametri bija normas robezas (ALAT, ASAT, LDH, sarmaina
fosfataze, kopgjais olbaltums un albumins) un kopgja asins aina bija normala, tad novérota
bilirubinémija, bilirubintirija un urobilinogenirija var bit saistita ar DMSO metabolismu, kura
laika DMSO parvérSas par dimetilsulfidu (DMS), ietekm@ot Zultsvadu sist€ému, vai
individualam atSkiribam zultsvadu izvades sisttma. P&c intravenozas ievadiSanas DMSO
pussabruksanas periods ir 9 h, un tas ka DMS tiek izvadits caur nierém, elpoSanas organu
sisttmu un zultsvadu sistému (Blythe et al., 1986). Tapat iesp&jams, ka Sie paaugstinatie raditaji
bija vieglas hemolizes rezultats pec cASC injekcijas. Tacu hepatocitu bojajumi var tikt izslégti
normalas aknu biokimijas del.
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10. attels. Kopé€jais bilirubina Iimenis asinis péc intravenozas 10% dimetilsulfoksida
(DMSO), no suna taukaudiem izdalitu cilmes stinu (cASC) terapeitiskas devas (2x10° dzivas
Stinas/kg) (1. ievad.) un piecas reizes lielakas devas (2. ievad.) ievadiSanas sievieSu kartas
sunim.
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3.3.3. Elektrokardiografija un ehokardiografija

Elektrokardiografijas un ehokardiografijas rezultati neuzradija nekadas novirzes no
normas ne pirms, ne péc abam cASC ievadiSsanam. Procediras laika tika registrétas parejoSas
sinusa tahikardijas epizodes, ko, visticamak, izraisija stress un kuras galvenokart tika detekt&tas
manipulacijas un dzivnieka fikséSanas laika. Holtera monitorings neparadija nekadus
sirdsdarbibas traucg€jumus, kas varétu liecinat par miokarda bojajumiem.

Papildus tam, parbauditie asins koagulacijas faktori arT nebija izmainiti. Kopuma netika
noverota neviena akiita reakcija, piem&ram, tromboze, ko varétu sagaidit péc cASC ievadiSanas.
Tadgjadi plauSu "barjeras" efekta parbaude péc intravenozas cASC ievadiSanas lava izslégt
plausu trombembolisma risku un paradija pirmas stadijas cASC droSumu.

3.3.4. Histomorfologiskie atklajumi

Dzivnieku audu un organu histomorfologiska analize vairak neka divus gadus p&c $tnu
ievadiSanas procediiras atklaja tikai nelielas un relativi nespecifiskas izmainas, kas var nebiit
saistitas ar cASC ievadiSanu. Visbiitiskakas izmainas bija subkapsulari un subpleirali iekaisuma
perekli, kas tika atrasti plausas un nier€s. Nierés (sievieSu kartas sunim) un plausas (abiem
suniem) tika noveérotas nelielas granulomas ar eozinofilajiem leikocitiem, tap&c nevar izslégt to
iesp&jamo parazitisko izcelsmi (ieskaitot Dirofilaria repens), lai gan suni regulari tika attarpoti.
Viena gadijuma 1slaiciga Dirofilaria repens mikrofloras klatbiitne sunos tika novérota, bet péc
arsteéSanas ta pazuda.

Pastiprinata limfoido audu hiperplazija ar vieglu zarnu iekaisumu tika atrasta virieSu
kartas supa zarnu trakta. Sim dzivniekam biezi tika kliniski novéroti miksti vai $kidri
izkarnifjumi, tacu laboratoriskie izmekl&jumi neuzradija ne parazitiskus, ne bakterialus
patogénus, un ta, visticamak, jauzskata par individuala suna ipatnibu. Tapat nevar izsleégt jutibu
pret kadu no baribas sastavdalam.

VirieSu kartas suna nierés tika atrasta fokala segmentala fibroze, bet urinpiisli, prostata,
urinizvadkanala, nierés un nieres blodina - hronisks iekaisums. Sis izmainas var noradit uz
parejoSu bakterialu infekciju, kas parasti notiek nejausi. Tapat ari aknu mikrogranulomas,
sklerotiski asinsvadu kamolini nier€s (abiem suniem), minimals zarnu iekaisums un limfoido
audu hiperplazija (sievieSu kartas sunim) var tikt uzskatiti par nejauSiem atradumiem, kas ir
biezi sastopami sunu sekcijas (Sato et al., 2012).

Atrastas izmainas aizkriites dziedzeri var biit radusas timusa hiperplazijas vai ta
nepilnigas samazinasanas dé|, kas biezi ir novérojama laboratorijas biglu Skirnes supiem (Sato
et al.,, 2012). Sadas izmainas salidzino§i biezi var detektet ari parastiem supiem, kuri nav
paredzeti eksperimentiem. Tomer iespéja, ka aizkriites dziedzera hiperplazija ir saistita ar cASC
ievadiSanu, nevar tikt pilniba izslégta.

Kopuma netika atrastas nekadas bitiskas blakusparadibas, nevélami notikumi vai
audzgju veidosanas pazimes, paradot ar1 otras stadijas cASC droSumu. Tika identificéta virkne
hronisku izmainu, un ir teorétiski iesp&jams, ka dazas no tam var biit saistitas ar intravenozu
cASC ievadiSanu. Tacu dala no §Tm izmainam var tikt attiecinatas uz sporadiskam izmainam
laboratorijas biglu $kirnes sunos, kuri tiek izmantoti toksikologijas pétjjumiem (Sato et al.,
2012).

Ta ka gan cilvekiem, gan supiem piemit lidzigas autoimiinas saslimSanas, pieméram,
reimatoidais atrits, 1. tipa diab&ts un dermatomiozids, kuras varetu arsteét ar ASC palidzibu, tad
gtiski apstiprinati un dabiski slimi suni varétu kalpot ka ideali piemeéroti majdzivnieki slimibu
modeliem nakotnes pétijumos. Tas lautu izmeklet ASC terapeitisko efektivitati bez
nepiecieSamibas izraisit §is slimibas maksligi. Tapat ASC varétu tikt izmantotas ar $adam
autoimiinam slimibam sirgstosu sunu eksperimentalai arstéSanai. Rezultati, kas tiktu iegiiti sunu
mode]os, nodro$inatu bitisku informaciju, kas nepiecieSama priek§ ASC terapijas planoSanas
cilvekiem.
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3.4. ASC sagatavoSanas metodologijas specifika

Saskana ar Regulas (EK) Nr. 1394/2007 28. pantu par ATMP (Regulation, 2007), HE
gadijumos ATMP (pieméram, ASC) tiek sagatavotas arpus rutinas apstakliem, balstoties uz
katra razotaja specifisko metodologiju. Saja gadijuma "arpus rutinas apstakliem" tiek saprasts ka
81 procesa uzlaboSana realaja laika ar meérki attistit personaliz&tu un riskam piem&rotu arstéSanas
pieeju. ST pétfjuma laika més esam izstradajusi specifisku ASC sagatavo$anas procesa
metodologiju arpus rutinas apstakliem, kas tika izmantota gan priek§ hASC, gan cASC, un
parbaudijusi péc §Ts metodologijas sagatavotu cASC drosumu péc to intravenozas ievadiSanas.
Miisu metodologijas galveno specifiku veido: a) AS izmantoSana ASC pavairo$anas, kas tiek
veikta hipoksiskos apstaklos (5% skabeklis), un iesaldeéSanas laika; b) ASC paklausana diviem
sasaldéSanas un atkauséSanas cikliem pirms intravenozas ievadiSanas; c) tikko atkausétu ASC
izmantoSana in vivo ievadiSanai; d) kultiveéto ASC autologs pielietojums. Miusu ASC
sagatavoSanas metodologijas parskats ir paradits 11. attéla.

S1 metodologija ir veidota ta, lai iegiitu p&c iesp&jas mazak apstradatas un izmainitas
ASC, jo tas tiek iesaldétas péc P1 un uzglabatas personaliz&tai regenerativajai terapijai nakotné.
Saglabajot ASC turpmakam pielietojumam, ir loti svarigi tas iesaldét visagrakaja iesp&jamaja
pasaza. Pieprasijums p&c jaunu, veselu, nenovecojusu cilmes $iinu uzglabaSanas klust arvien
lielaks, un strauja $tnu apstrades tehnologiju attistiba un uzlabo$ana padara iesp&amu neliela
daudzuma apstradatu Stnu saglabasSanu. Tapéc més esam izvelgjusies saglabat Stnas iesaldeta
stavokli jau péc P1.
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11. attels. No taukaudiem izdalitu donoram specifisku cilmes Siinu (ASC) raZoSanas
process. 1. Pacienta uznemsana. 2. Taukaudu panemsana un ASC iegtiSana. 3. ASC iesaldésana
péc pirmas pasazas (P1) un So Sunu ilgtermina uzglabasana. 4. ASC analize un S$inu
kultivésanas apstaklu personaliz€ta optimizacija. 5. lesaldéto ASC atkaus€Sana un pacientam
specifiska ASC pavairoSana, balstoties uz individuali optimizéto protokolu. 6. Terapijai
sagatavoto ASC otra iesaldeSana. 7. Pavairotas ASC partijas papildus analize. 8. Personalizetu
ASC ievadiSana pacientam.
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Nemot véra §1 pétijuma laika atklatas atSkirtbas starp donoriem un cilmes Stnu
subpopulaciju heterogenitati, kas izraisa donoriem specifisku $inu augSanu, ir loti svarigi
pielietot personalizétu un individuali pielagotu protokolu ASC sagatavoS$anai. M@s izstradajam
jaunu pieeju dazadu pacientu cilmes §tinu pavairo$anai un parbaudei arpus rutinas apstakliem.
Meés izmantojam ASC no P2 lidz P35, lai veiktu personalizétu $tnu kultivéSanas apstaklu un
barotnes sastava optimizaciju, un tas tiek darits laika posma starp pirmo un otro S$iinu
iesaldésanu. Sada pieeja lauj noteikt katram individam vispiemérotako protokolu, tadejadi
uzlabojot $tinu produkta efektivitati un drosumu. Ta rezultata nakamaja razoSanas soli var tikt
izmantots individuali optimizéts Siinu kultivéSanas protokols, lai sagatavotu terapeitisko ASC
devu. Saja pétfjuma tika novértéta standarta metode ASC kultivésanai, kas ieklava AS un
hipoksisku apstaklu izmantoSanu, un nakotné ta kalpos ka kontroles metode, lai biitu ar ko
salidzinat optimizetos §tinu audz&Sanas apstaklus.

Kad katram individam ir atrasti optimalie ASC kultivé$anas apstakli, iesaldétas Stinas
var tikt atkaus@tas un efektivi pavairotas, ja pacientam rodas tada kliniska nepiecieSamiba. Péc
personalizétas ASC pavairoSanas Siinas tiek iesald@tas otro reizi sekojosSu iemeslu del: a) ir
nepiecieSams papildus laiks, lai parbauditu konkréto $tinu partiju pirms ievadiSanas; b) pacienta
iespgjas sanemt terapiju var nesakrist ar ASC gatavibas laiku; c) planotais ASC terapijas laiks
var tikt aizkaveéts; d) ASC pavairoSana var tikt veikta attalinati, ja medicinas iestadé nav
pieejama specializéta $iinu laboratorija. Sada personalizéta ASC sagatavoSanas metodologija
piedava iesp&ju arstét parastajai terapijai rezistentas slimibas, ka ar1 uzlabot dzives kvalitati
vecumdienas, izmantojot tikko atkaus@tas ASC ka personaliz&tu terapiju, piem&ram, miokarda
infarkta vai insulta gadijjumos (Honmou et al., 2011; Mclntosh et al., 2013). Miisu jauna pieeja
ASC sagatavoSanas procesa uzlaboSanai realaja laika iet talak par standarta razoSanas procesu
un piedava personalizétu un riskam piemérotu arst€Sanu saskana ar labas razosanas praksi.
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11.

4. Secinajumi

AS var kalpot ka vertigs FBS aizstajéjs Stinu kultivéSanas barotné. Gan hASC, gan
cASC, kuras audzetas barotné ar AS un pie 5% skabekla koncentracijas, saglaba savu
raksturigo varpstveida morfologiju, virsmas markieru ekspresiju, diferenciacijas sp&ju
un imunosupresivo efektu. Sis Tpasibas neietekmé ari divkar$a $tnu sasaldé$ana un
atkauséSana.

hASC un cASC populacijas ir fenotipiski homogénas. hASC vienlaicigi ekspresé tadus
virsmas markierus ka CD29, CD44, CD73, CD90 un CD105, bet cASC — CD44, CD73
un CD90. Abu veidu ASC ir negativas péc CD14, CD34, CD45 un HLA-DR, un hASC
papildus neuzrada CD19 ekspresiju. Pozitivo virsmas markieru proteinu ekspresija
hASC populacija pieaug pa pasazam.

Gan hASC, gan cASC spgj diferencéties par adipocitiem, osteocitiem un hondrocitiem,
tomeér cASC diferenciacija adipogénaja virziena ir vaja. hASC adipogénas un
osteogénas diferenciacijas potencials atSkiras starp donoriem.

Gan hASC, gan cASC bitiski samazina T $tnu proliferaciju, un §1 imunosupresiva
sp&ja ir atkariga no Siinu devas. Abu veidu ASC sasniedz savu maksimalo efektu pie
ASC:PBMNC attiecibas 1:1.

hASC un cASC ir lidzigas p&c $tnu morfologijas, virsmas markieru ekspresijas,
diferenciacijas potenciala un imunomodulativajam sp&jam, un tas atbilst minimalajiem
MSC definésanas kritérijiem.

hASC in vitro pavairo$ana izraisa S§tinu novecoS$anos, ko pierada izmainas Stnu
morfologija, PDT un SA-B-gal ekspresijas pieaugums, ka ari klonogenitates un
diferenciacijas potenciala samazinasanas vélakas pasazas. Tris no parbauditajam hASC
kulttiram sasniedza replikativo senescenci, bet pargjas piecas — priekslaicigo senescenci.
Visu darba parbaudito donoru hASC kultiiras satur divas labi nodalamas S§tnu
subpopulacijas, kuram at$kiras RTL un §tinu lielums. Ilgtermina $tnu kultivésanas laika
abu subpopulaciju kvantitativas attiecibas mainas, un tas notiek katram donoram
atSkiriga veida.

hASC in vitro senescences process ir nevienmerigs un katram Stinu donoram specifisks.
P&tfjuma izmantotajiem suniem noveérojama atskiriga organisma reakcija uz DMSO.

. Terapeitiskas cASC devas un piecas reizes lielakas Stinu devas intravenoza ievadiSana

suniem nerada butiskas blaknes vai nev€lamus notikumus un neizraisa laundabigu
audzgju veidosanos.

Darba gaita izstradato metodologiju var pielietot personalizéta ASC produkta
sagatavoSana arpus rutinas apstakliem, ko iesp&ams izmantot ka ATMP klinisko
izn@mumu gadijumos.
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5. Aizstavamas tezes

1. Katra donora ASC piemit individualas un butiskas atskiribas $tinu augSana, novecoSana
un funkcionalitate, kas pamato nepiecieSamibu p&c personaliz€tas pieejas jaunieviesto
terapijas zalu izstrade.

2. ASC, kuras sagatavotas péc darba gaita izstradatas metodologijas, 5. pasaza parada
morfologiski neizmainitu un fenotipiski homogénu §tnu populaciju ar optimalu MSC
virsmas markieru proteinu ekspresiju, kam piemit multiliniju diferenciacijas sp&ja un
butisks imunosupresivs potencials. Nemot véra iesp&ju sagatavot terapijai nepiecieSamo
Sunu devu lidz 5. pasazas beigam, §1 ASC pasaza ir atbilstosaka potencialam
kliniskajam pielietojumam.

3. Atkartota 5. pasazas autologu cASC ievadiSana supiem neizraisa biitiskas blaknes.
Akiitas reakcijas nav noveérojamas, un vélinas izmainas audos un organos aril nav
detekt&jamas, paradot $o Stinu droSumu supa modell un sniedzot biitisku informaciju
ASC terapijas izmantoSanai cilvékiem.

6. Pateicibas

Es noverteju vertigos padomus un palidzibu no Tatjanas Kozlovskas, Prof. Paula
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Nikulsina, Ilzes Matises-VanHoutanas, Ilzes Pétersones, I[lmara DiiriSa, Anetes Romanauskas,
Daces Skrastinas, Rafaela Joffes, Martina Kala, Simona Svirska, Prof. Alberta Auzana, Agneses
Ezertas, Zitas Muiznieces, Maras Vasilevskas, Jilijas Spelas, Annas Veidemanes, Agna
Zvaigznes, GulSenas Eivazovas, Riitas Briveres, Lianas Pliss, Renates Rankas, Daces Pjanovas,
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The study characterises canine adipose-derived stem cells (cASCs) in comparison to human
ASCs (hASCs) and tests their safety in a canine model after intravenous administration. cASCs
from two dogs were cultured under hypoxic conditions in a medium supplemented with autolo-
gous serum. They were plastic adherent, spindle-shaped cells that expressed CD73, CD90, and
CD44 but lacked CD45, CD14, HLA-DR, and CD34. cASCs differentiated toward adipogenic, os-
teogenic, and chondrogenic lineages, although adipogenic differentiation capacity was low. Blast
transformation reaction demonstrated that these cells significantly suppress T-cell proliferation,
and this ability is dose- dependent Intravenous administration of a cell freezing medium, thera-
peutic dose of cASCs (2 x 10° live cells/kg), and five times higher dose of cASCs showed no sig-
nificant side effects in two dogs. Microscopic tissue lesions were limited to only mild, non-specific
changes. There were no signs of malignancy. The results of the study indicate that cASCs are
similar to hASCs and are safe for therapeutic applications in a canine model. The proposed meth-
odology for ASC preparation on a non-routine basis, which includes individually optimised cell cul-
ture conditions and offers risk-adapted treatment, could be used for future personalised

off-the-shelf therapies, for example, in myocardial infarction or stroke.

Key words:

autologous adipose-derived stem cells, stem cell safety, pulmonary first-pass

effect, advanced therapy medicinal products, hospital exemption.

INTRODUCTION

Regenerative medicine is a rapidly advancing field of re-
search that offers broad possibilities for treating severe dis-
eases resistant to conventional therapies. It is expected that
the significance of regenerative medicine will continue to
increase in future; it may become one of the main branches
of personalised medicine, which offers tailoring of treat-
ments to specific needs, characteristics, and preferences
of each patient during every stage of medical care
(www.fda.gov). Personalisation of regenerative medicine
has already facilitated the emergence of such innovative
therapies as advanced therapy medicinal products (ATMPs)
that encompass gene and cell therapy as well as tissue engi-
neering (Anonymous, 2014; General, 2015; Vives and
Carmona, 2015).

The use of mesenchymal stem cells (MSCs) as ATMP is a
promising aspect of regenerative medicine. Since it was
demonstrated that MSCs can be readily obtained from adi-
pose tissue (Zuk et al., 2001), fat has become a valuable
source of MSCs. These cells are ideally suited for the devel-
opment of effective cell-based therapies due to their multi-
lineage differentiation ability (Zuk et al., 2002; Desiderio et
al., 2013), capacity to migrate to the site of injury (Liu et
al., 2012; Li et al., 2013; Karagiannis et al., 2017; Kim et
al., 2017) and regenerate damaged tissues (Lim et al., 2013;
Tsuji et al., 2014), as well as due to their immunomodula-
tory potential (Tyndall and Uccelli, 2009; Ghannam et al.,
2010; Lo Sicco et al., 2017). Research has shown that adi-
pose-derived stem cells (ASCs) can be used to treat immune
disorders, including graft-versus-host disease (Fang et al.,

* Supplementary data associated with this article can be found in the online version.
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2007; Fang et al., 2009), psoriasis (De Jesus et al., 2016),
and multiple sclerosis (Stepien et al., 2016).

ASCs as ATMP can be applied for human therapy in cases
of so-called hospital exemptions (HEs), employing person-
ally prepared autologous stem cells. One of the first steps in
the applications of such ATMP is to verify the process and
to gain experience using animal models. Companion ani-
mals, including dogs, naturally develop chronic autoim-
mune diseases such as atopic dermatitis (Hall et al., 2010),
pemphigus (Han er al., 2015), and diabetes mellitus (Abdi
et al., 2008; Kim et al., 2017; O'Kell et al., 2017) that are
similar to human disorders (Carrade and Borjesson, 2013;
de Bakker et al., 2013; Hoffman and Dow, 2016) and could
be treated using ASCs. However, before undertaking such
treatments, safety tests using laboratory dogs should be per-
formed. The results and knowledge of ASC therapy in dogs
can be further used for human treatments.

The International Society for Cellular Therapy has proposed
basic criteria that allow identifying MSCs (Dominici et al.,
2006), and based on those we have previously characterised
human ASCs (hASCs) (Bogdanova et al., 2014; Legzdina et
al., 2016). In this study, the same criteria were used to as-
sess canine ASCs (cASCs) in addition to establishing their
safety after two intravenous administrations in a canine
model. Here, the term ‘safety’ implies the evaluation of the
risk-benefit ratio (Veriter et al., 2015), which was analysed
in two stages. In the first stage, a pulmonary first-pass effect
was assessed by evaluating blood and urine test results,
electrocardiogram, echocardiogram and behaviour to rule
out the risk of pulmonary thromboembolism. It is known
that after intravenous administration of MSCs, they are ini-
tially trapped in the lungs (Fischer et al., 2009; Eggenhofer
et al., 2012; Prologo et al., 2016). Intravenous infusion of
ASCs is safe (Ra et al., 2011a; Ra et al., 2011b; Kang and
Park, 2014), but cryopreserved or freshly thawed cells may
cause a potential risk of pulmonary embolism, oedema, and
even death (Furlani et al., 2009; Cyranoski, 2010; Jung et
al., 2013; Tatsumi et al., 2013; Lysaght et al., 2017). It
could be provoked by the aggregate formation in blood ves-
sels as well as the response of the complement and immune
system to infused ASCs (Eggenhofer et al., 2014; Moll and
Le Blanc, 2015). In the second stage, necropsy of animals
and subsequent histomorphological analysis were per-
formed to detect late changes in tissues and exclude the risk
of atypical tissue or tumour formation. After a pulmonary
first-pass effect, ASCs tend to migrate to the sites of in-
jury/inflammation (Anjos-Afonso et al., 2004; Bentzon et
al., 2005; Kraitchman et al., 2005). However, there is not
enough evidence showing that after homing to injured tis-
sues ASCs do not show signs of malignisation or form un-
characteristic tissues at the homing site.

The aim of this study was to develop a specific ASC prepa-
ration methodology as well as characterise cASCs that were
prepared using this methodology and to test their safety in a
canine model after intravenous administration. Our method-
ology included several aspects: a) use of autologous serum
(AS) during ASC expansion under hypoxic conditions (5%
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oxygen) and cryopreservation; b) exposure of ASCs to two
freeze-thaw cycles before intravenous infusion; c) use of
freshly thawed ASCs for in vivo administration; and d)
autologous application of cultured ASCs.

MATERIALS AND METHODS

Legal permits for use of animals and cells in research.
Animal experiments were done in accordance to standards
outlined for ethical use of animals in research approved by
the Food and Veterinary Service of the Ministry of Agricul-
ture of the Republic of Latvia (permit No. 23). The dogs
were kept and experiments were carried out at the Clinical
Institute of the Latvian University of Agriculture, Jelgava,
Latvia, by trained veterinary medical professionals. hASCs
were isolated from human subcutaneous adipose tissue after
consent was obtained from the donor in accordance with
permit No. 12 issued by the Latvian Central Medical Ethics
Committee. Processing of human and canine adipose tissue,
ASC expansion, freezing, and storing took place at Stem
Cell Technologies Ltd., Riga, Latvia. Characterisation of
ASCs was performed at the Latvian Biomedical Research
and Study Centre, Riga, Latvia.

Characterisation of experimental animals. Two Beagle
dogs were studied, one female and one male. Neither of the
animals had been sterilised/castrated. Both animals were
obtained from a certified laboratory animal facility CEDS
(France). The animals were 2.5 years old at the time of
cASC administration and 5 years old at the time of euthana-
sia. The body weight at the time of cASC administration
was 14.5 kg (female) and 18.5 kg (male). After euthanasia,
the body weight was 17 kg (female) and 18.4 kg (male), the
body condition was good (3.5 points for a female and 3
points for a male on a 5 point scale).

Animal care and nutrition during the experiments. The
animals were kept in heated, insulated 2 x 1.5 m box rooms
with ventilation. The animal facility had separate rooms for
food preparation (kitchen), staff changing, shower, and toi-
let. All rooms were easy to disinfect and had a separate
drainage system. Dry Complex Technical Feed was given
twice daily, and fresh water was available continuously.
Walking was provided three times daily. Physiological pa-
rameters (rectal temperature, respiratory rate, and heart rate)
were controlled twice daily; mucous and subcutaneous
lymph node examinations were done once daily.

Autologous serum (AS) preparation. Blood was collected
as described in the section “Pulmonary first-pass effect” and
allowed to clot for 1 h at room temperature. The serum was
collected, centrifuged at 2000 rpm for 30 min, filtered
through a 0.2 um mesh, aliquoted, and stored at —20 °C.

ASC isolation, expansion, and characterisation. Collec-
tion of canine adipose tissue. The animals were premedi-
cated by subcutaneous atropine sulphate injection (0.05
mg/kg) to reduce the anaesthetic side effects and intramus-
cular sedative injection (0.02 mg/kg acepromazine maleate).



Intravenous injection of ketamine hydrochloride (6 mg/kg)
and diazepam (0.6 mg/kg) was administered for a temporary
anaesthesia.

To prepare the skin for surgery, a 15 x 15 cm area of hair
from the right caudoventral quadrant of abdominal wall was
shaved, followed by washing with soap, disinfection with
70% alcohol three times and disinfection with iodine alco-
hol solution three times.

An incision 5 cm in length, parallel to the body’s longitudi-
nal axis (medial plane) 5-7 cm laterally from the white line
was made in the skin layer. Subcutaneous fat was obtained
by cutting an about 5 ml piece of tissue with scissors. After
that sutures were placed in the subcutis (Safil, Aesculap,
USA) and the skin (Supramid, S. Jackson, Inc., Unites
States). Post-operative care of the animals consisted of con-
tinuous monitoring of the physiological parameters during
the surgery and 2 h after the end of the anaesthetic effect as
well as daily maintenance of the surgical wound until com-
plete healing.

ASC extraction and expansion. The method of ASC isola-
tion has been described previously for hASCs (Bogdanova
et al., 2014; Legzdina et al., 2016). Briefly, 5 ml of the col-
lected adipose tissue was scissored and treated with 0.3%
pronase (EMD Millipore, USA) for 1 h at +37 °C and cen-
trifuged for 7 min at 1000 rpm. The obtained cell pellet was
suspended, filtered through a 40 pm mesh membrane, and
centrifuged again for 5 minutes. Erythrocytes were lysed for
3 min at +37 °C using erythrocyte lysis buffer Hybri-Max
(Sigma-Aldrich, Germany). The cell pellet was suspended
in a fresh cell culture medium DMEM/F12 (Life Technol-
ogies, United Kingdom) containing 10% AS, 2 mM
L-glutamine (Life Technologies, United Kingdom), 20
ng/ml basic fibroblast growth factor (BD, USA), and 100
U/ml: 100 g/ml penicillin—streptomycin (Life Technologies,
United Kingdom) and seeded onto a 75 cm? tissue culture
flask (regarded as passage 0 (P0)). At all steps, ASCs were
cultured at +37 °C, 5% CO,, and 5% O, in a hypoxic work-
station (Xvivo System, Biospherix, USA).

Non-adherent cells were removed on the day after seeding
by extensive washing with phosphate-buffered saline (PBS)
(Life Technologies, United Kingdom). The remaining cells
were cultured in a medium containing 10% AS for the first
ten days and 5% AS thereafter. At the end of P1, the cells
were frozen in DMEM/F12 supplemented with 10% di-
methyl sulfoxide (DMSO) (Sigma-Aldrich, Germany) and
20% AS and stored in liquid nitrogen. After at least three
months of storage, ASCs were thawed and cultured as pre-
viously through P2 to PS5, freezing the propagated ASCs at
the end of P5 for the second time. After at least three
months of storage, ASCs from P5 were thawed and used for
the subsequent characterisation.

Multicolour flow cytometry. Flow cytometry analysis of
cASCs was performed using freshly thawed cells from P5
according to a conventional protocol (Shapiro and Shapiro,
2003). Briefly, the thawed cells were washed with PBS and

resuspended at a concentration of 5 x 10° cells/ml. The cells
were tested for viability using a 0.5 uM cell-permeant fluo-
rescent Sytol6 nucleic acid stain (Life Technologies, UK),
separating live (positive) cells from apoptotic cell popula-
tion on the FITC channel (Sparrow and Tippett, 2005).
cASCs were further tested for aneuploidy and mitotic activ-
ity, using a PI-based Cycletest Plus DNA kit and the Mod-
Fit software (Becton-Dickinson, USA).

Two paired samples where used for phenotyping. The first
sample was stained with antibodies to CD90 (APC, eBiosci-
ence, USA, clone YKIX337.217), CD44 (PerC-Cy5.5, Ex-
bio, Czech Republic, clone IM7), CD73 (Pe-Cy7, eBiosci-
ence, USA, clone AD2), and CD34 (PE, Exbio, Czech
Republic, clone 1H6) and an antibody cocktail to CD45
(FITC, eBioscience, USA, clone YKIX716.13), CD14
(FITC, eBioscience, USA, clone 61D3), and HLA-DR
(FITC, eBioscience, USA, clone 1.243). The second sample
was stained with corresponding isotypic control antibodies.
The cells were incubated in the dark for 30 min, washed, re-
suspended in PBS, and analysed within two hours. The
analysis was performed using a BD FacsCanto II flow cy-
tometer (Becton Dickinson, USA) with standard 3-laser
configuration; at least 10 000 events were acquired in each
sample. The Infinicyt software (Cytognos S.L., Spain) was
used for data analysis and image generation.

Trilineage differentiation of ASCs. Methods for in vitro
adipo-, osteo- (Legzdina et al., 2016), and chondrogenic

(Bogdanova et al., 2014) differentiation of ASCs using hu-
man ASCs have been described previously. In this study,
we employed the same methods for cASCs, using hASCs as
a control. Differentiation of ASCs was performed at P6 (af-
ter thawing the cells from P5 and seeding them).

Co-culture of cASCs and autologous PBMNC:s (blast trans-
formation). The method for blast transformation has been
described previously (Bogdanova et al., 2014). Briefly,
autologous peripheral blood mononuclear cells (PBMNCs)
were obtained from freshly isolated peripheral blood sam-
ples using a Ficoll-Paque Premium density gradient (GE
Healthcare, Uppsala, Sweden). PBMNCs were cultured in
RPMI-1640 medium (Life Technologies, United Kingdom)
supplemented with 10% AS, 2 mM L-glutamine and 100
U/ml : 100 g/ml penicillin—streptomycin in the presence of
cASCs (P6) at different ratios (cCASCs:PBMNCs — 5 x 10*
5% 107 (1:1),5%x10%: 5% 10% (1 :10), 2.5 x 10° : 5 x
10 (1:20), 1.25 x 10°: 5 x 10* (1 : 40), 5 x 10%: 5 x 10*
(1 : 100)) and phytohemagglutinin (Sigma-Aldrich, Ger-
many) at a final concentration of 2 pg/ml for 96 h at +37 °C,
5% CO,. Then 1 pCi of [3H]-deoxythymidine (GE, United
Kingdom) was added to each well for the last 18 hours.
Analysis of radioactive thymidine incorporation was done
using a liquid scintilation beta counter (Beckman Coulter,
USA).

Autologous cASC administration. Prior to cephalic vein
catheterisation, premedication with an intramuscular injec-
tion of acepromazine maleate (0.5 mg/kg) for sedation of
the animal was administered. The puncture area was pre-
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pared as follows: a 5 x 5 cm area of the cephalic groove
was shaved, and the skin was disinfected with 70% alcohol
(3x) and iodine alcohol solution (1x). An aseptic puncture
of the external cephalic vein with a G18 needle was per-
formed, and a catheter was attached using leucoplast tape
and a bandage.

First, to evaluate the potential side-effects of a DMSO (con-
trol medium) and to describe its excretion, 100 ml of
physiological saline containing 10% DMSO was ingected
intravenously. Second, a therapeutic dose of 2 x 10~ live,
freshly thawed, non-washed autologous cASCs (P5) per kg
of body weight in a total volume of 100 ml (adjusted with a
physiological saline) was administered to the experimental
dogs. Third, a five times higher dose of cASCs (1 x 107 live
cells/kg) was intravenously injected one month later.

Pulmonary first-pass effect. Assessment of dogs’ behav-
iour. In order to evaluate the dogs’ behaviour, partial behav-
ioural assessment tests were performed before and after in-
travenous administration of DMSO medium and cASCs. A
sociability test was used to determine dog’s behaviour in a
room by evaluating body postures, sniffing, exploring, eye
contact, and social contact with humans. A teeth exam was
employed to test dog’s response to teeth and mouth inspec-
tion for five seconds. A handling test was used to evaluate
dog’s response to touching and stroking of various body
parts for five seconds, including the tail and the ears.

Blood and urine sample collection. To collect blood sam-
ples, the premedication and preparation of the puncture area
were performed as described in section 2.6. A G16 needle
was used and 50 ml (but no more than 0.5% of body
weight) of blood was collected.

Urine and blood samples were collected 24 h before and 12,
24, and 72 h after the infusion of DMSO medium as well as
24 h before and 24 h, 72 h, 7 days, and 14 days after the ad-
ministration of cASCs. Blood samples were collected from
v. jugularis or v. saphena into vacutainers with serum stabi-
liser (for biochemical tests), EDTA (for hematological and
morphological characterisation) or sodium citrate (for deter-
mination of coagulation factors) (Becton Dickinson, USA).
Morning urine mid-stream samples were collected, stored at
+4 °C and examined up to 3 h after collection.

Determination of haematological, biochemical, and coagu-
lation factors. Biochemical tests were performed with an

Ortho Vitros DT60/DTEII/DTSC analyser (Ortho Clinical
Diagnostics, USA) using a disposable slide colorimetric as-
say. Biochemical blood tests were also performed at the cer-
tified (accreditation certificate No. LATAK-M-43400-2011)
company’s “Centrala laboratorija” Ltd. laboratory (Reg. No.
215/L 430-C) by standard laboratory protocols in compli-
ance with LVS NE ISO 15189:2008 standard.

Blood haematological examinations were run automatically
using a Nihon Kohden MEK 6318 K analyser (Nihon Koh-
den, Japan) and morphological examinations were per-
formed by evaluating blood smears on a binocular micro-
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scope Omax at magnification of 40-2000x (Omax, South
Korea).

Coagulation factors were determined one day before and
one day after a single infusion of 10% DMSO as well as
before both administrations of cASCs. Blood samples for
coagulation factor determination were collected in tubes
with 3.8% sodium citrate; plasma was centrifuged, frozen at
—20 °C, and sent to the IDEXX Vet Med Laboratory (ID-
DEXX GmbH, Germany) for analyses. The following co-
agulation factors were tested: prothrombin time (PT), acti-
vated partial thromboplastin time (aPTT) and fibrinogen.
Their normal values were: aPTT < 13.5 s; fibrinogen
1.2-2.9 g/l; prothrombin time seconds.

Urine samples were analysed by Combi-Screen Vet 11 Plus
test strips (Analyticon, Germany), recording the result 60 s
after application. Urine density was determined using a re-
fractometer. Urine samples were centrifuged at 3500 rpm
for 10 min, and urine sediments were examined for leuko-
cytes, erythrocytes, epithelial cells, bacteria (number/HPF),
crystals and cylinders (number/LPF) using a binocular mi-
croscope Omax at magnification of 40-2000x.

Cardiac monitoring. Electrocardiographic examination was
performed 24 h before and 3, 7, and 14 days after both
cASC infusions. Echocardiography was performed 24 h
before and three days after the administrations of cASCs.
Additionally, continuous Holter monitoring was performed
24 h prior to the administrations of cASCs as well as during
the first 24 h after both cASC infusions.

Electrocardiographic examinations were performed with a
BTL-08 apparatus (BTL Industries, Inc., USA) while the
animals were sleeping on the right lateral side. Six leads (I,
II, III, aVR, aVL, aVF) were obtained. Data were saved and
processed using the BTL software (BTL Industries, Inc.,
USA). The electrocardiogram was used to analyse the heart
rhythm: primary rhythm transmitter specified (sinoatrial
node, sinus rhythm) and heart rate. The II-lead was used for
P-QRS-T analysis.

Echocardiographic examinations were performed with an
ultrasound scanner Philips HD-11 (Philips, the Netherlands)
while the animals were sleeping on the right lateral side to
obtain right-side parasternal proximal and transverse projec-
tions of the heart and on the left lateral side to obtain left-
side parasternal apical projections. Standard measurements
of the left ventricle in systole and diastole (M mode), visual
assessment of the right ventricle and the atrium, left atrial
and aortic measurements (in 2D mode), and dopplero-
graphic examination with the determination of transmitral
and transtricuspid blood flow (PW dopplerography) and
aortic and pulmonary arterial blood flow (CW dopplerogra-
phy) were performed.

For Holter monitoring, we used a Televet 100 system (Tel-
vet, Germany), attaching electrodes to the animal’s chest.
Standard leads I, II, and III were obtained. The obtained
data were analysed using Televet 100 software. The cardiac



rhythm was analysed from the electrocardiogram. The pri-
mary rhythm pacemaker (sinoatrial node), the average heart
rate at each monitoring hour, and the maximum and mini-
mum heart rates were determined.

Euthanasia, necropsy, and histological examination. The
animals were sacrificed using euthanasia solution T-61 (0.3
ml/kg), which contained 200 mg embutramide, 50 mg me-
bezoniumiodide, and 5 mg tetracaine hydrochloride in 1 ml
of the solution. The euthanasia solution was administered
intravenously after intramuscular sedative injection (0.02
mg/kg acepromazine maleate) and intravenous injection of
anaesthetic agents ketaminum (4 mg/kg) and diazepam (0.4
mg/kg).

Necropsy was done 30 min after euthanasia; bodies of dogs
subjected to necropsies were in excellent post-mortem con-
dition. No muscle stiffness or autolysis were observed. Hair,
skin, and nails were clean. In the female dog, outer body
orifices were clean and without excretions. In the male dog,
anus was open, stained with dry feces; the rest of the outer
orifices were clean and without excretions. The female dog
had minor hypostasis on the right side.

Representative samples of animal tissues and organs were
collected and fixed in 10% formalin (Sigma-Aldrich, Ger-
many) for at least 24 h. Smaller sections were trimmed for
embedding in paraffin. After tissue dehydration with as-
cending grades of ethanol, samples were embedded in par-
affin and sectioned in 4 pm thickness. Obtained tissue sec-
tions were stained with haematoxylin and eosin and
analysed using a microscope Nicon or Olympus BX51.

Statistical analysis. Comparison of means between differ-
ent groups was performed using One-Way Analysis of Vari-
ance (ANOVA). Brown-Forsythe and Bartlett’s tests were
applied to study whether the collected data were normally
distributed. Between-subjects and intra-subjects differences
among groups were assessed with ordinary two-way
ANOVA followed by a post-hoc test. In all cases, two-stage
step-up method of Benjamin, Krieger, and Yekutieli was
used as the post-hoc analysis. p values less than 0.05 were
considered as statistically significant. Graphs, calculations,
and statistical analyses of blast transformation data were ob-
tained using GraphPad Prism software version 7.0 for Mac
(GraphPad Software, USA). Results were represented as the
mean + SD.

RESULTS

In vitro characterization of cASCs. Morphology of
cASCs. Similarly to hASCs, isolated cASCs were plastic-
adherent and exhibited typical spindle-shaped morphology.
These characteristics of MSCs were affected neither by the
use of a cell culture medium that contained AS instead of
foetal bovine serum, nor cell culturing under 5% oxygen.
cASCs preserved their fibroblast-like morphology until P6
and after two freeze-thaw cycles (Fig. 1).

Characterisation of cASC surface markers. Multicolour
flow cytometry (Fig. 2) of both cell cultures demonstrated a
phenotypically homogenous cASC population that was
strongly positive for MSC markers CD44 and CD73, inter-
mediately positive for CD90 and negative for hematopoietic
stem cell marker CD34 and a cocktail of leukocyte lineage

Fig. 1. Morphology of canine adipose-derived stem cells at passage 6.
Scale bar 100 um.
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Fig. 2. Phenotypic analysis of freshly thawed canine adipose-derived stem
cells at passage 5 using multicolour flow cytometry. (A-E, G-K) Expres-
sion of cell surface markers CD90, CD44, CD73, CD34, CD45, CD14, and
HLA-DR (dark peak — isotype control, light peak — specific staining). (F,
L) Syto 16 cell viability stain (dark dots — apoptotic cells, light dots — live
cells).
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antigens CD45, CD14, and HLA-DR, thus complying to
MSC criteria (Dominici et al., 2006).

Sytol6 staining showed that the proportion of apoptotic
cells was below 5% in both samples (Fig. 2 F, L), indicating
good cell viability. DNA staining detected no aneuploidy;
the PI-defined proliferating fraction (S + G2) was 2.97% in
the male dog and 6.91% in the female dog.

Trilineage differentiation of the ASCs. To assess in vitro
differentiation potential of cASCs, the cells from P6 were

differentiated toward adipogenic, chondrogenic, and osteo-
genic lineages. In parallel, hASCs, also from P6, were sub-
jected to the same differentiation protocols serving as a
positive control. The obtained results showed that both
cASCs and hASCs possess similar chondrogenic and osteo-
genic differentiation potential. Alcian Blue staining of
chondrogenic differentiation (Fig. 3 C, H, K) confirmed the
presence of sulfated glycosaminoglycans, characteristic to
the extracellular matrix of chondrocytes, and cartilage-like
lacunae structures. Calcium deposits within mineralised ex-
tracellular matrix produced by differentiated osteoblasts
were detected by Alizarin Red S staining of osteogenic dif-
ferentiation (Fig. 3 E, I, L). Adipogenesis was assessed us-
ing the Oil Red O stain of adipogenic differentiation (Fig. 3
A, G, J). Although cASCs demonstrated the potential to dif-
ferentiate into adipocytes, it was highly reduced compared
to hASCs. Only a few cASCs showed accumulation of in-
tracellular lipid droplets, despite their altered morphology.
Both cASCs and hASCs exhibited no signs of adipogenic or
osteogenic differentiation in control media, except for a
faint blue staining observed in the chondrogenic control me-
dium. As an example, only the results of cASCs in the con-
trol medium from the female dog are shown here (Fig. 3 B,
D, F).

Immunosuppressive properties of cASCs. To test the effect
of cASCs on PBMNC proliferation, cASCs were co-

cultured with autologous, phytohemagglutinin (PHA)-stim-
ulated PBMNCs. Non-stimulated PBMNCs served as a
negative control, and PHA-stimulated PBMNCs were used
as a positive control. cASCs demonstrated a statistically
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Fig. 3. In vitro differentiation of canine and human adipose-derived stem
cells toward adipogenic, chondrogenic, and osteogenic lineages. (A, G, J,
and B) Oil Red O staining of differentiated and control cells. The cells
were counterstained with haematoxylin. (C, H, K, and D) Alcian Blue
staining of differentiated and control cells. (E, F, L, and I) Alizarin Red S
staining of differentiated and control cells. Scale bar 100 pm.

significant reduction of PBMNC proliferation when the
cASC:PBMNC ratio reached 1 : 40 or less (Fig. 4 A). The
observed immunosuppressive effect of cASCs was dose de-
pendent, reaching its peak at cASC : PBMNC ratio 1 : 1.
We found the same tendency in tests using hASCs (Bog-
danova et al., 2014), and the regression analysis of cASC
and hASC immunosuppressive ability confirmed their simi-
larity (Fig. 4 B).

Evaluation of a pulmonary first-pass effect. Animal be-
haviour. Before and after intravenous administrations of
cASCs as well as 10% DMSO solution, animal behaviour
was evaluated to assess the pulmonary first-pass effect. The
sociability test showed that both dogs remained calm with

Fig. 4. Co-culture of adipose-derived
stem cells (ASCs) and autologous pe-
ripheral blood mononuclear cells
(PBMNCs). (A) The suppressive effect
of canine ASCs (cASCs) from passage
6 on the proliferation of PHA-stimu-
lated PBMNCs in vitro. The results are
expressed as counts per minute. (B)
Comparison of immunosuppressive
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relaxed body postures. They sniffed and explored examina-
tion and procedure rooms and made an eye contact as well
as calm social contact with humans. Both dogs allowed
teeth examination for five seconds without struggle. Simi-
larly, they did not avoid stroking and touching of various
body parts, including the tail and the ears, for at least five
seconds. Throughout the procedures, the animals remained
calm, and the administrations of cASCs or DMSO did not
provoke any changes in the above-mentioned animal behav-
iour.

Blood and urine tests. No significant alterations in the blood
and urine test results were observed after 10% DMSO infu-
sion.

Similarly, blood tests were normal after the administration
of a therapeutic cASC dose (2 x 10° live cells/kg), except
for total blood bilirubin level in the female dog which was
25 umol/l (normal range is 0—10.20 umol/l) 24 h after the
cASC administration and 11 umol/l three days after the cell
infusion (Fig. 5). Urine tests showed that urine bilirubin and
urobilinogen levels were elevated, bilirubin being rated as
++ (norm: +) and urobilinogen 140 pmol/l (norm: 3.5
umol/l) 24 h after the cASC infusion in the female dog. The
urine bilirubin levels remained slightly elevated also three
and seven days after the cASC administration. The blood
and urine bilirubin levels were normal at all time points in
the male dog.

After the second administration of a five times higher cASC
dose (1 x 107 live cells/kg) one month later, the blood and
urine test results were normal, except for urine bilirubin lev-
els which were elevated 24 h and three days after the cASC
administration in the female dog.

Electrocardiography and echocardiography. Electrocardio-
graphic and echocardiographic parameters did not show any
deviations from the norm either before or after both cASC
administrations. During the procedure, episodes of transient,
supposedly stress-induced, sinus tachycardia were observed,
which were detected mainly during the manipulation and
animal fixation. In Holter monitoring (Fig. 6), we did not
detect ectopic rhythm disturbances that could indicate myo-
cardial damage.
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Fig. 5. Blood total bilirubin levels after intravenous administration of 10%
dimethyl sulfoxide (DMSO), the therapeutic dose (2 x 10° live cells/kg) of
canine adipose-derived stem cells (cASCs) (1** admin.), and the five times
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Histomorphological findings. Histomorphological analysis
of the animal organs and tissues more than two years after
the cASC administration is described in detail and illus-
trated in Supplement (Appendix A). Briefly, only minor and
relatively non-specific alterations were found in the tissues,
and they might be unrelated to cASC administration. No
significant side effects, undesirable events or signs of ma-
lignancy were detected.

DISCUSSION

Specifics of the ASC preparation methodology. In accor-
dance with Article 28 of Regulation (EC) 1394/2007 on
ATMPs (Anonymous, 2007), in cases of HEs, ATMPs (e.g.,
ASCs) are prepared on a non-routine basis and according to
each manufacturer’s specific methodology. In this case,
“non-routine” is understood as an enhancement of ASC
preparation process in real time and a target for personalised
and risk-adapted treatment. An overview of our ASC prepa-
ration protocol is shown in Figure 7. Our methodology is
designed to obtain ASCs that are processed and altered as
little as possible, since they are cryopreserved after P1 and
stored for personalised regenerative therapy in the future.
When storing ASCs for future applications, it is crucial to
freeze them at the earliest passage possible. Demand for the
storage of young, healthy, non-aged stem cells is becoming
more widespread, and the rapid development and improve-
ment of cell processing technologies makes it possible to
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Fig. 7. Manufacturing process of donor-specific adipose-derived stem cells
(ASCs). 1. Patient recruitment. 2. Acquisition of adipose tissue and isola-
tion of ASCs. 3. Cryopreservation of ASCs after the first cell passage and
their long-term storage. 4. Analysis of ASCs and personalized optimisation
of cell culture conditions. 5. Thawing of cryopreserved ASCs and pa-
tient-specific ASC propagation based on individually optimised protocol.
6. The second freezing of ASCs prepared for therapy. 7. Additional analy-
sis of propagated ASC batch. 8. Personalized ASC administration to the
patient.

store small amounts of processed cells. Therefore, we have
chosen to cryopreserve ASCs already after the P1.

Taking into account differences between donors and hetero-
geneity of stem cell subpopulations (Legzdina et al., 2016;
Muzes and Sipos, 2016), resulting in donor-specific cell
growth, it is highly important to employ a personalised and
individually adapted protocol for ASC preparation. We in-
troduce a novel approach for the propagation and examina-
tion of stem cells from different patients on a non-routine
basis. We used ASCs from P2 to P5 for a personalised opti-
misation of cell culture conditions and media composition,
which are tested between the first and the second freezing.
This allows to identify the most suitable protocol for each
individual, thus improving efficiency and safety of the cell
product. Therefore, an individually optimised cell culturing
protocol can be used for the preparation of a therapeutic
ASC dose at the next step of production. In this study, we
evaluated the standard method for ASC culturing, which in-
cluded the use of autologous serum and hypoxic conditions
(5% oxygen), and it will serve as a control method in the fu-
ture for comparison to optimised cell culture conditions.

When optimal ASC culture conditions have been found for
each individual, the cryopreserved cells can be thawed and
effectively expanded if a clinical need for the patient
emerges. After personalised ASC propagation, the cells are
frozen again for the following reasons: a) additional time is
needed to test the particular cell lot before administration;
b) the planned time of the ASC therapy may be delayed; c)
ASC expansion can be performed remotely if a specialised
cell laboratory is not available at a medical institution. Such
personalised methodology for ASC preparation offers a
prospect for the treatment of conventional therapy-resistant
diseases as well as improvement of quality of life at older
age by using freshly thawed ASCs as a personalised off-
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the-shelf therapy, for example, in cases of myocardial in-
farction or stroke (Honmou et al., 2011; MclIntosh et al.,
2013). Our novel approach to enhance the preparation pro-
cess of ASCs in real time goes beyond the standard manu-
facturing process and offers a personalised and risk-adapted
treatment in compliance with good manufacturing practices.

Characteristics of cASCs. In this study we demonstrated
that MSCs can be readily obtained from canine adipose tis-
sue, and their characteristics are similar to hASCs. The re-
sults confirmed that cASCs exhibit characteristic spindle-
shaped morphology, which has been observed previously
(Neupane et al., 2008; Vieira et al., 2010; Martinello et al.,
2011), and can be easily propagated in vitro using auto-
logous serum in a cell growth medium. After five cell pas-
sages, they represented a phenotypically homogenous ASC
population that was positive for typical MSC markers such
as CD90, CD44 and CD73 but lacked the expression of
CD34, CD45, CD14, and HLA class II. Comparable surface
marker expression patterns of cASCs have been described
previously (Vieira et al., 2010; Kisiel et al., 2012;
Martinello et al., 2011; Reich et al., 2012; Russell et al.,
2016; Takemitsu et al., 2012). Most of the previous studies
have detected consistent expression of CD90 and CD44 in
addition to other positive surface markers, but the expres-
sion of CD73 varies across the studies. While some reports
have shown moderate CD73 expression (Russell er al.,
2016), others have failed to detect it (Vieira et al., 2010;
Takemitsu et al., 2012). Similarly, the majority of studies
have found no expression of CD45 in cASCs, but mild ex-
pression of CD14 and CD34 has been detected (Vieira et
al., 2010; Russell et al., 2016). This discrepancy could be
explained by different harvest sites of adipose tissue
(Sullivan et al., 2016) or variation in antibodies used for the
analysis.

Similarly to hASCs, cASCs can differentiate toward chon-
drogenic, osteogenic, and adipogenic lineages, although
their ability to differentiate into adipocytes was very low.
The same tendency has been reported before (Vieira et al.,
2010), but the optimisation of the induction protocol has
improved adipogenic differentiation (Neupane et al., 2008).
We have also tried to revise our differentiation protocol ac-
cordingly, but it failed to promote cASC differentiation into
adipocytes (data not shown). Since cASC multilineage dif-
ferentiation was performed at P6, this could also explain the
weak adipogenic differentiation. Our previous studies using
hASCs have shown a similar tendency. We have observed a
decline in adipogenic and osteogenic differentiation poten-
tial in later hASC passages, and this characteristic was
donor-specific (Bogdanova et al., 2014; Legzdina et al.,
2016). It is possible that the same applies to cASCs.

Clinical interest in MSCs has been facilitated by their
immunomodulatory abilities and inhibitory effect on T cell
as well as B cell proliferation (Di Nicola et al., 2002; Le
Blanc et al., 2003; Corcione et al., 2006). Our data from
co-culture of cASCs and autologous PBMNCs demon-
strated that cASCs suppress proliferation of PBMNCs in a
dose-dependent manner, reaching the most effective reduc-



tion of PBMNC proliferation at a ratio 1 : 1, similarly to
hASCs. Other studies have also shown immunosuppressive
ability of cASCs (Kang et al., 2008; Russell et al., 2016),
and this immunomodulatory effect is partially mediated by
soluble factors (Kang et al., 2008). This immunosup-
pressive ability of ASCs may have a significant therapeutic
potential in treating numerous immunological disorders
both in humans and dogs.

Overall characteristics of cASCs verified their conformance
to MSC criteria (Dominici et al., 2006) and showed their re-
semblance to hASCs.

In vivo safety of cASCs. In order to increase the safety of
ASCs, our methodology included the use of autologous se-
rum instead of conventional foetal bovine serum during
ASC expansion and cryopreservation. This helped to elimi-
nate the risk of contamination with foreign proteins that
could lead to a possible autoimmune reaction against a pa-
tient’s own stem cells (Spees et al., 2004). Additionally, to
increase the chances of survival of in vitro expanded MSCs
after administration, it is important to minimise the differ-
ences between conditions in a cell culture and the site of im-
plantation. Since virtually all cell cultures are maintained
under atmospheric oxygen concentration (21%), but oxygen
concentration in tissues can vary between 4—14% in the well
irrigated organs and 0-4% in bone marrow (Ivanovic,
2009), implanted MSCs can encounter a massive hypoxic
stress leading to apoptosis. Therefore, our methodology in-
volves ASC expansion under 5% oxygen to provide an en-
vironment more similar to in vivo conditions and to mini-
mise cell stress. Previous research has shown that MSCs
cultured under hypoxic conditions display enhanced ability
to repair infarcted myocardium due to the lower cell death
and increased angiogenesis (Hu et al., 2008) and exhibit
more rapid tissue regeneration potential (Leroux et al.,
2010), enhanced wound-healing function (Rosova et al.,
2008; Lee et al., 2009) as well as increased engraftment in
vivo (Hung et al., 2007) when compared to the cells cul-
tured under normoxic conditions. It has been demonstrated
that culturing at reduced oxygen helps to maintain the
multipotent and undifferentiated state of MSCs (Basciano et
al., 2011) and can prevent proliferative senescence and in-
crease their lifespan (Tsai ef al., 2011).

In this study, freshly thawed cASCs from PS5, cultured un-
der hypoxic conditions in the presence of autologous serum
and exposed to two freeze-thaw cycles, were intravenously
administered to two Beagle dogs. At first, only a solution
containing 10% DMSO, which is found in a cell freezing
medium, was intravenously injected to test its potential
side-effects followed by a therapeutic dose of cASCs and a
five times higher dose of cells one month later. DMSO has
a half-life of 9 h after intravenous administration, and it is
excreted as dimethylsulphide (DMS) via the kidneys, respi-
ratory system, and bile duct system (Blythe et al., 1986).
While the primary liver parameters were within normal
range (ALAT, ASAT, LDH, alkaline phosphatase, total pro-
tein, and albumin) and blood count was normal, bilirubinae-
mia, bilirubinuria, and urobilinogenuria were found after

cASC administration. This may be due to the effect of
DMSO metabolism in which DMSO transforms into DMS
affecting the bile duct system or individual differences in
the bile duct excretion system. Alternatively, it may also be
the result of a mild haemolysis after cASC injection. How-
ever, damage to hepatocytes can be excluded due to normal
liver biochemistry. Blood coagulation factors were not af-
fected and electrocardiogram, echocardiogram, and behav-
ioural monitoring did not show any serious deviations.
None of acute reactions expected after cASC administra-
tion, such as thrombosis, were detected. Therefore, the as-
sessment of a pulmonary first-pass effect after cASC intra-
venous injection allowed to eliminate the risk of pulmonary
thromboembolism and demonstrated the first stage safety of
cASCs.

The second stage of cASC safety was evaluated two years
later by histomorphological analysis of organs and tissues to
detect late changes in tissues and exclude the possibility of
cASC malignisation. The most significant changes were
subcapsular and subpleural inflammation foci found in
lungs and kidneys. In kidneys (female) and lungs (female
and male), small granulomas with eosinophilic leukocytes
were observed; therefore, their parasitic origin (including
Dirofilaria repens) cannot be excluded, although the dogs
were regularly dewormed. In one instance, a temporary
presence of Dirofilaria repens in the microflora was ob-
served in the Beagles, but the microfilariae disappeared af-
ter the treatment.

Enhanced hyperplasia of lymphoid tissues with a mild in-
flammation of intestines was detected in the intestinal tract
of the male dog. Soft to liquid faeces were often clinically
observed in that animal, but laboratory tests did not show
either parasitic or bacterial pathogens, and it is likely to be
considered a dog’s individual response. Sensitivity to some
feed ingredient also could not be excluded.

Focal segmental fibrosis was found in kidneys, and chronic
inflammation was detected in urinary bladder, prostate, ure-
thra, kidneys, and renal pelvis of the male dog. These
changes may indicate a transient bacterial infection and of-
ten occur incidentally. Also, liver microgranulomas, scle-
rotic glomeruli in the kidneys (both dogs), minimal inflam-
mation in the intestines and lymphoid tissue hyperplasia
(female dog) are considered to be incidental finds that are
often encountered in dog sections (Sato et al., 2012).

Changes in the thymus may be due to incomplete thymic in-
volution, which is often observed in laboratory Beagles
(Sato et al., 2012), or to hyperplasia of the thymus. Both
could be seen rather often in non-experimental dogs. How-
ever, the possibility that thymus hyperplasia is associated
with cASC injections could not be ruled out.

Overall, the changes in tissues found in both dogs are slight
and relatively non-specific. It is difficult to judge whether
any of them might be a result of cASC administration. Se-
ries of chronic changes were identified, and it is theoreti-
cally possible that some of them may be related to the intra-
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venous injection of cASCs. However, part of the observed
changes may be referred to as sporadic changes in labora-
tory Beagles used in toxicological studies (Sato et al.,
2012).

Since humans and dogs share similar autoimmune diseases,
e.g., rheumatoid arthritis, type 1 diabetes mellitus and der-
matomyositis that could be treated using ASCs, ethically
approved and naturally ill dogs could serve as ideal com-
panion animal disease models in the future studies. It would
allow to explore the therapeutic efficacy of ASCs without a
need to induce the diseases artificially. ASCs could be also
used for experimental treatment of dogs with such autoim-
mune diseases. Results obtained in canine models would
provide essential information necessary for planning ASC
therapy in humans.

CONCLUSION

This study showed that our specific methodology used for
the preparation of ASCs and their subsequent administra-
tion protocol in a dog model are safe and do not raise any
concerns about undesirable events or side effects. The
safety of the methodology was especially evidenced by the
ASC pulmonary first-pass effect test. Taking into account a
plethora of similarities between dog and human biology, we
propose that further applications of our methodology for ca-
nine disease treatment experiments might lead to a cure of
analogous human diseases.
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NO SUNU TAUKAUDIEM IZDALITO CILMES SUNU RAKSTUROJUMS UN IN VIVO DROSIBA

Sis pétijums raksturo no suna taukaudiem izdalitas cilmes Stinas (cASC) salidzinajuma ar cilvéka ASCs (hASC) un parbauda to droSumu
pec intravenozas ievadiSanas supa modeli. cASC tika iegiitas no diviem supiem un audzetas hipoksiskos apstaklos barotng, kas saturéja
autologo serumu. Tas bija varpstveida Suinas, kas sp&ja piestiprinaties pie plastmasas un ekspreséja tadus virsmas markierus ka CD73, CD90
un CD44, bet neuzradija CD45, CD14, HLA-DR un CD34 ekspresiju. Sis cASC diferencéjas adipogénaja, osteogénaja un hondrogénaja
virziena, tacu to diferenciacija par adipocitiem bija vaja. Blasttransformacijas reakcija paradija, ka cASC butiski samazina T Sanu
proliferaciju un $i spgja ir atkariga no Stnu devas. Intravenoza $inu iesaldéSanas barotnes, terapeitiskas cASC devas (2)(106 dzivas
Sunas/kg) un piecas reizes lielakas cASC devas ievadiSana suniem neradija batiskas blaknes. Audu histomorfologiska analize atklaja tikai
nelielas un relativi nespecifiskas izmainas, un nekadas malignizacijas pazimes netika noveérotas. Iegiitie rezultati liecina, ka cASC ir lidzigas
hASC un drosas terapeitiskam pielietojumam. Misu ieviesta metodologija ASC sagatavoSanai arpus rutinas apstakliem, kas icklauj
individuali optimiz&tus Sinu audzéSanas apstaklus un piedava riskam piemérotu arstéSanu, var tikt izmantota personalizétai, nekavejoties
pieejamai terapijai nakotng, pieméram, miokarda infarkta vai insulta gadijuma.
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APPENDIX A. Results of histomorphological analysis

1. Gross and histomorphological examination of the female dog (Case 1)

1.1.  Circulatory system

Gross description

Heart mass was 138.4 g, right ventricular wall — 0.4 cm, left ventricular wall — 1.3 cm,
thickness of interventricular septum — 1.2 cm. Heart size was within the normal
range. A small, smooth, nodular thickening was found on the edge of the left
atrioventricular valve (minimal endocardiosis) (Figure 1.1 A).

Microscopic lesions

Mild histiocyte infiltrates were located focally between muscle fibers (Figure 1.1 B).
No changes in the myocardial fibers were observed.

Diagnoses: Chronic minimal endocardiosis in the left atrioventricular valve; focal
minimal interstitial histiocyte infiltration in the heart.

Figure 1.1. A — left ventricle of the heart (Ao — aorta; AVV — atrioventricular valve); B — myocardium
of the left ventricle of the heart (HE staining, 400x), focal histiocyte infiltration (arrow) in the
myocardium.



1.2.  Respiratory system

Gross description

Larynx and trachea were within normal limits. Lungs were red, their caudal lobes
were darker red (Figure 1.2 A). A large amount of foamy fluid (pulmonary edema)
oozed from the cut surface. There were several small lymph nodes (3x0.4x0.3 cm and
2x0.5x0.5 cm) at the site of tracheal bifurcation (Figure 1.2 C).

Microscopic lesions

1.2.1. Lungs

A small number of mononuclear cells (including histiocytes) were located around
multifocal medium sized blood vessels (veins). A similar focal, small cluster was
observed also in the alveolar interstitial tissues. Alveoli were diffusely filled with
eosinophilic edema fluid. Subpleurally, perivascular small mononuclear cell
infiltration and focal pleural fibrosis were detected (Figure 1.2 B). Among the
mononuclear cells there were lymphocytes, histiocytes and round cells with granular
cytoplasm (Figure 1.2 D).

1.2.2. Tracheobronchial lymph node

The lymph node contained medium-sized lymphoid follicles, which were also present
into the medulla. The medulla contained plasma cells, histiocytes, and lymphocytes.
Macrophages with antracoid pigment were observed focally.

Diagnoses: Agonal edema in the lungs; perivascular, interstitial and subpleural
minimal mononuclear cell infiltration in the lungs; mild chronic multifocal fibrosis in
the pleura; mild hyperplasia with a mild anthracosis in the tracheobronchial lymph
node.




Figure 1.2. A — Lungs — congestion and pulmonary edema (T — trachea; H — heart); B — lungs (HE
staining, 400x) — pleural fibrosis (PF) and subpleural mononuclear cell (arrows) infiltrates; C — lymph
nodes (arrows) at the tracheal bifurcation site (T — trachea); D — lungs (HE staining, 400x) —
perivascular mononuclear cell (arrows) infiltrate and alveolar edema (BV — blood vessel; A — alveoli
filled with edema fluid).

1.3.  Lymphatic system

Gross description

Spleen weight was 70.2 g. Nodular thickenings were found at the hilus of the spleen
(Figure 1.3 A). On the parietal surface, two irregular scars (1 cm in diameter and
2x0.7 cm) were detected (Figure 1.3 B). Thymic tissue (7x3x0.7 cm, 12.2 g) was
located near the heart. Bone marrow was lipid-rich, gray (femur).

Micropscopic lesions

1.3.1. Spleen

Minimal extramedullary hematopoiesis (megakaryocytes, granulocytes) was
observed. Splenic capsule was focally thickened due to fibrosis and contained clusters
of lymphoid cells (Figure 1.3 C).

1.3.2. Thymus

There were small remnants of thymic tissue surrounded by adipose tissue. Thymic
tissues were composed of moderately cellular cortex and a less cellular medulla
(Figure 1.3 D), in which a small number of thymic epithelial cells were observed
(Figure 1.3 E).

1.3.3. Mediastinal lymph node




Subcapsular sinuses and the medulla of the lymph node contained medium to high
numbers of siderophages admixed with small number of eosinophilic leukocytes.
There were no lesions in the cortex; secondary lymphoid follicles were not apparent.
1.3.4. Bone marrow

Bone marrow was hypocellular (10-15%). M:E cell ratio was 3 : 1 (within the normal
range). Megakaryocytes were not observed, which may be due to relative
hypocellularity of the bone marrow.

Diagnoses: Minimal extramedullary hematopoiesis and focal capsular fibrosis in the
spleen; mild thymic hyperplasia; mild eosinophilic lymphadenitis with hemosiderosis
in the mediastinal lymph node.
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Figure 1.3. A — spleen — nodular thickenings (arrows) in the area of the hilus of spleen; B — spleen —
multifocal areas of fibrosis (arrows) on the parietal surface; C —spleen (HE staining, 20x) — focal
fibrosis (arrow) of the splenic capsule; D — thymus (HE staining, 20x) — tissue is composed of distinct
cortex and medulla; E — thymus (HE staining, 400x) — thymic epithelial cells (arrow) are visible
between the lymphocytes in the medulla.

1.4.  Digestive system

Gross description

Gray plaques (dental calculus) were observed on the premolar and molar teeth.
Gingival margin was mildly thickened (hyperplasia) (Figure 1.4 A). Stomach was
filled with kibble (Figure 1.4 B). The fundic part of the gastric mucosa was purple—
pink, the pyloric part — pink—gray. Contents of the small intestine were green,
semiliquid and mucous; mucosa — light pink, covered with mucus (Figure 1.4 C).
Contents of the colon were green, semiliquid; mucosa — pale pink (Figure 1.4 D).
Liver weight was 896 g. Parietal surface of the right lateral lobe was slightly uneven
and discolored, cut surface was denser than in other liver lobes (Figure 1.4 E, F).




Gallbladder was semi-filled with light yellow—greenish bile. Pancreas weight was
50.5 g. Peripancreatic lymph nodes were slightly enlarged (1x1.5x1 and 1.5x1x0.7
cm) and slightly edematous.

Microscopic lesions

1.4.1. Gastric mucosa of the fundus

There were several small infiltrates of lymphocytes and plasma cells in the basal
aspect of the mucosa.

1.4.2. Gastric mucosa of the pyloric

There were several small lymphocyte infiltrates in the basal layer of the mucosa
admixed with a eosinophils (Figure 1.4 G). Spiral bacteria were detected in the lumia
of some.

1.4.3. Small intestine

In the basal layer of the mucosa, there were small numbers of lymphocytes and
eosinophils and moderate numbers of plasma cells scattered below the crypts (Figure
1.4 H). A focal lymphoid nodule (gut-associated lymphoid tissue, GALT) was located
in the ileum part of the intestinal mucosa.

1.4.4. Pancreas

Significant microscopic changes were not observed.

1.4.5. Peripancreatic lymph node

Lymphoid follicles were hyperplastic with prominent germinal centers (Figure 1.4 1).
Large numbers of plasma cells and histiocytes were found in the medulla, with
evidence of erythrophagocytosis.

1.4.6. Colon

Small numbers of plasma cells, lymphocytes, and eosinophils were scattered in the
basal layer of the mucosa.

1.4.7. Liver

The capsular surface of the right lateral lobe was thickened with fibrous tissue,
containing small biliary ductules and small numbers of lymphocytes and histiocytes as
well as rare eosinophils (Figure 1.4 J). Lymphocytes and histiocytes were scattered in
parenchyma, including centrilobular zones and portal areas (Figure 1.4 K). Multifocal
dilatation in lymph vessels was observed adjacent to several central veins and portal
areas. There was a moderate amount of glycogen in hepatocytse, and some of them
contained a yellow pigment (lipofuscin). Less than 1% of hepatocytes contained
intranuclear acidophilic inclusions. Fibrosis was not observed on the capsular surface
of other lobes, but remaining lesions were similar, including clusters of mononuclear
cells which formed small microgranulomas (Figure 1.4 L).

Diagnoses: Moderately severe, chronic dental calculus with gingival hyperplasia;
minimal chronic lymphoplasmacytic and eosinophilic enteritis; capsular fibrosis and
centrilobular and periportal lymph vessel dilatation in the right lateral lobe of the
liver; multifocal, minimal microgranulomas and mild lymph vessel dilatation in all
lobes of the liver; follicular, moderately severe peripancreatic lymph node
hyperplasia.




Figure 1.4. A — gums and teeth — dental calculus on the molar teeth (arrow); B — stomach (C — cardia; P
— pylorus); C — small intestine with gut-associated lymphoid tissue (GALT, arrow); D — colon (M —
mucosa); E — liver — right lateral lobe (RLL); F — liver — visceral surface (arrow — gall bladder); G —
stomach, pyloric glands (HE staining, 20x); H - small intestine, ileum (HE staining, 400x) — small
number of lymphocytes and plasma cells in the basal layer of the mucous membrane below crypts
(arrows); | — peripancreatic lymph node (HE staining, 20x) — follicular hyperplasia (arrows); J — liver
(HE staining, 200x) — capsular fibrosis (arrow); K — liver (HE staining, 400x) — central vein (arrow,
near the capsular fibrosis area); L — liver (HE staining, 400x) — focal mononuclear cell cluster
(microgranuloma, arrow).



1.5.  Urinary system

Gross description

Right kidney weight — 53.8 g, left kidney — 55.8 g (Figure 1.5 A, B). On the capsular
surface of the kidneys there were multiple (about 20) 1-2 mm, white foci extending
into the subcapsular surface of the kidneys. The right kidney was more affected than
the left one. Urinary bladder was filled with clear urine.

Microscopic lesions

1.5.1. Kidneys

Focal, subcapsular, medium-sized inflammation was observed (Figure 1.5 C),
containing histiocytes, plasma cells, lymphocytes, and eosinophils (Figure 1.5 D, E).
Approximately 1-5% of glomeruli had mild sclerotic changes — thickened Bowman’s
capsule, reduced glomerular tufts, thickened mesangium (Figure 1.5 G). Individual
glomeruli also had increase in mesangial cells (Figure 1.5 H).

1.5.2. Urinary bladder

Significant microscopic changes were not observed.

Diagnoses: Interstitial multifocal granulomatous and eosinophilic chronic moderate
nephritis; multifocal, minimal mezangioproliferative glomerulonephritis.

Figure 1.5. A, B — kidneys with small, pinpoint foci (arrows) on the capsule surface; C — kidney (HE
staining, 100x) — subcapsular inflammation (dotted line); D — kidney (HE staining, 400x) —
inflammation containing a large number of plasma cells (PC) and eosinophils (E); E — kidney (HE
staining, 400x) — vacuolated macrophages (arrows) are observed within inflammation; F — kidney (HE
staining, 400x) — normal glomerulus; G — kidney (HE staining, 400x) — glomerulus with a thickened
Bowman's capsule (arrows); H — kidney (HE staining, 400x) — glomerulus with an expanded
mesangium (dotted line).



1.6. Reproductive system

Gross description

Female genital organs were without significant changes.

Microscopic lesions

1.6.1. Ovaries

The ovaries contained several corpora lutea. In the cortex there were follicles at
various stages of development. Ovarian structure was within normal limits.

1.6.2. Uterus

No significant microscopic lesions were observed. Smooth muscle layers were thin,
compact; muscle fibers were of small diameter.

1.7.  Endocrine system

Gross description

Adrenal glands. Right — 1.9 g, left — 2.3 g, no significant changes.

Thyroid glands. Right — 0.5 g, left— 0.7 g.

Microscopic lesions

_No significant microscopic lesions were observed in the adrenal cortex, thyroid
gland, and parathyroid gland.

1.8.  Nervous system

Gross description

Brain weight was 89.7 g. Mild thickening (fibrosis) was observed in the soft tissues of
the meninges.

Microscopic lesions

Significant microscopic lesions were not observed.

1.9. Musculoskeletal system
No significant macroscopic or microscopic lesions were observed.

2. Gross and histomorphological examination of the male dog (Case 2)

2.1.  Circulatory system

Gross description

Heart weight was 153.8 g, right ventricular wall — 0.6 cm, left ventricular wall — 1.4
cm, interventricular septum thickness — 1.2 cm. Heart shape was normal. Lumen of
the left ventricle was slightly dilated (Figure 2.1).

Microscopic lesions

No significant microscopic changes were observed.

Diagnosis: Moderate left ventricular dilation of the heart.




Figure 2.1. A — heart, lumen of the left ventricle is moderately enlarged (dilatation) (Ao — aorta; AVV —
atrioventricular valve); B — the right ventricle of the heart (TV — tricuspid valve).

2.2.  Respiratory system

Gross lesions

Larynx and trachea were within the normal limits. Lungs were purple—pink. There
was focal atelectasis (0.5x5 cm) on the ventral surface of the right medial lobe (Figure
2.2 A, B). In the right caudal lobe, there were 4-5 small, dense nodules (0.3-0.5 cm in
diameter). There were similar small nodules: one in the accessory lobe (0.3 cm in
diameter) and three in the left caudal lobe (0.3-0.5 cm in diameter). In the left cranial
lobe there was a small (0.2 cm in diameter) calcification focus. At the site of tracheal
bifurcation there were bronchial lymph nodes (2x1x0.7 cm, on both sides) with a
green—gray section edge surface.

Microscopic lesions

2.2.1. Lungs

In the lungs there was multifocal, in some areas extensive inflammation characterized
by multifocal aggregates of histiocytes with areas of necrosis in the center (Figure 2.2
C, D, E). There were deposits of fibrin in the alveolar lumina. Fibrin deposits were
partially organized, infiltrated with inflammatory cells — moderate numbers of plasma
cells and eosinophils  (Figure 2.2 F). There were perivascular infiltrates of
lymphocytes and plasma cells both in the inflammatory foci and in other parts of the
lung parenchyma (Figure 2.2 G). There were foci of atelectasis and small
peribronchial anthracosis (Figure 2.2 H) observed multifocally (Figure 2.2 H).

2.2.2. Tracheobronchial lymph node

The lymph node was hyperplastic containing secondary lymphoid follicles extending
into the medulla. Paracortical areas were expanded (Figure 2.2 1). There were
histiocytes in subcapsular sinuses. Histiocytes and plasma cells were also detected in
the medulla. Small foci of erythrophagocytosis were observed.

Diagnoses: Multifocal histiocytic and eosinophilic pneumonia with fibrin deposits in
the lungs; moderate follicular and paracortical hyperplasia with erythrophagocytosis
in the tracheobronchial lymph node.
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Figure 2.2. A — lungs with small foci of atelectasis (arrows); B — lungs with multifocal, small areas of
atelectasis (arrows); C — lungs (HE staining, 20x) — focal subpleural inflammation (dotted line); D —
lungs (HE staining, 200x) — subpleural inflammation with macrophages (M) in the center and plasma
cells (PC) and eosinophils (E) at the periphery; E — lungs (HE staining, 400x) — an inflammation focus
with macrophages (M) and necrosis (N) (E — eosinofils); F — lungs (HE staining, 400x) — deposits of
intra-alveolar fibrin (F) (partially organized); G — lungs (HE staining, 200x) — perivascular
mononuclear cell infiltrates (arrows); H — lungs (HE staining, 100x) — peribronchiolar anthracosis
(dotted line); I — tracheobronchial lymph node (HE staining, 20x) — follicular (F — follicles) and
paracortical (dotted line) hyperplasia.

2.3.  Lymphatic system

Gross description

Spleen mass was 81.2 g. Cut surface of the spleen did not bulge; a small amount of
blood oozed from the cut surface. Thymic tissue was found at the base of the heart
(6x4x0.5 cm, weight x 13.9 g). Cervical lymph nodes were enlarged: right —
3x%1.5x0.5 cm, left — 4.5x1.8x1 cm.

Microscopic lesions

2.3.1. Spleen

Minimal extramedullary hematopoiesis (megakaryocytes, metarubricytes) was
observed (Figure 2.3 A).

2.3.2. Bone marrow
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Bone marrow was normocellular (30%) (Figure 2.3 B). All hematopoietic cell lines
were represented. M : E cell ratio was 2 : 1 (within the normal range). Small numbers
(1-3%) of plasma cells were seen.

2.3.3. Thymus

Thymic lobules were moderately sized, surrounded by adipose tissues (Figure 2.3 C).
Thymic lobules were composed of densely cellular cortex and less cellular medulla
(Figure 2.3 D).

2.3.4. Cervical lymph node

The lymph node was hyperplastic and contained secondary lymphoid follicles which
extended into the medulla (Figure 2.3 E). Paracortical areas were also expanded.
Diagnoses: Minimal extramedullary hematopoiesis in the spleen; moderate thymic
hyperplasia; moderate follicular and paracortical hyperplasia in the cervical lymph
nodes.
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Figure 2.3. A — spleen (WP — white pulp; RP — red pulp) (HE staining, 20x); B — bone marrow (HE
staining, 400x) — the photographed area is dominated by erythroid cell precursors (E) and hemosiderin
deposits (H) (A — adipocytes; MK — megakariocyte); C — thymus (C — cortex; M — medulla) (HE
staining, 20x); D — thymus (HE staining, 200x) — densely cellular cortex (C) and less cellular medulla
(M); E — cervical lymph node (HE staining, 20x) — follicular (F — follicles) and paracortical (dotted
line) hyperplasia.

2.4.  Digestive system

Gross description

Gray plaques (dental calculus) were found on the premolar and, to a larger extent,
molar teeth. Gingiva was mildly thickened (hyperplasia) (Figure 2.4 A, B). Tongue
was cyanotic. Stomach was filled with kibble and grass stalks. The mucosa of fundus
was purple—pink, the mucosa of pyloris — pink—gray; mucosal folds were slightly
thickened (Figure 2.4 C). The proximal part of the small intestine contained small
amount of yellow mucus (Figure 2.4. D), which turned into greenish, liquid contents
in the proximal part of the jejunum and became thicker in the distal part of the
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jejunum. Mucosa was slightly reddened, with thickened folds and adherent mucus.
Throughout the small intestine, there were submucosal lymphoid tissue foci also
apparent from serosal surface (Figure 2.4 E, F, G). These were well delineated, oval,
gray—pink plaques (jejunum — 3-4 pcs., ileum — 2 pcs.: 7x1 cm and 5x1 cm). The
colon was filled with large amount of liquid to paste-like, green contents. The distal
part of the colon was very dilated. Mucosa was pale pink, with small mucosal folds
(Figure 2.4 H). Cecum was filled with moderate amount, of green, paste-like contents;
mucosa was gray—pink, with small folds. Numerous dense clusters of lymphoid tissue
forming were seen in the colon (Figure 2.4 1). Liver weight was 1082 g. The parietal
surface of the right lateral lobe was irregular and thickened with fibrous connective
tissue. The cut surface whad increased density. Mucosa of the gallbladder was slightly
uneven. Pancreas weight was 80 g. There were multiple small nodules (<10 pcs, 1
mm in diameter)scattered within parenchyma.

Microscopic lesions

2.4.1. Gastric mucosa of the fundus

There were several small infiltrates of lymphocytes in the basal aspect of the mucosa.
2.4.2. Gastric mucosa of the pyloris

There were several small lymphocyte infiltrates in the basal layer of the mucosa.
Long, spiral-shaped bacteria were detected in the lumens of occasional gland.

2.4.3. Small intestine

In the ileum there were small to medium numbers of lymphocytes admixed with
eosinophils scattered below the crypts (Figure 2.4 N). There is a small number of
plasma cells scattered between crypts in the basal aspect of the mucosa (Figure 2.4
0). There were extensive lymphoid follicles (GALT) located in the submucosa of the
ileum.

2.4.4. Colon

A small number of plasma cells were scattered in the basal aspect of the mucosa
between the crypts. There are a small number of lymphocytes admixed with
eosinophils scattered in the mucosa below the crypts. Occasionally, small GALT were
found in submucosa. A small number of plasma cells were found in cecum, the basal
aspect of the mucosa. Several expansile lymphoid tissue clusters (GALT) were
located in submucosa (Figure 2.4 P, Q, R).

2.4.5. Liver

Capsular surface of the liver was thickened with fibrous tissue, containing profiles of
small biliary ductules and small numbers of lymphocytes, histiocytes, and rare
eosinophils (Figure 2.4 S). There are rare, small clusters of lymphocytes and
histiocytes scattered randomly in in the liver, including centrilobularly and in portal
zones (Figure 2.4 V). There was dilatation of lymph vessels around a few central
veins and in a few portal zones (Figure 2.4 T). There was a moderate amount of
glycogen in the hepatocytes, and some of them contained a yellow pigment
(lipofuscin). There were intranuclear acidophilic inclusions in less than 1% of
hepatocytes.

2.4.6. Gall bladder

Multifocal, medium-sized lympho-follicular infiltrates were observed in hyperplastic
mucosa (Figure 2.4 W, X). Occasionally, there are mucus-filled cysts in the mucosa.
2.4.7. Pancreas

Significant microscopic changes were not observed.

2.4.8. Mesenteric lymph node

The lymph node was enlarged but with a normal structure (Figure 2.4 Y). The cortex
contained lymphoid follicles, including secondary follicles with germinal centers.
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There were plasma cells and histiocytes in medullary sinuses and foci of
erythrophagocytosis.

Diagnoses: Moderately severe, chronic dental calculus with gingival hyperplasia;
minimal, chronic, lymphocytic, and eosinophilic enteritis with GALT hyperplasia;
minimal lymphoplasmacytic colitis with severe GALT hyperplasia; capsular fibrosis
and centrilobular and periportal dilatation of lymphatics in the right lateral lobe of
the liver; multifocal, minimal microgranulomas in all lobes of the liver; cystic
hyperplasia and mild, chronic lymphoplasmacytic inflammation in the gall bladder;
moderately severe hyperplasia in the mesenteric lymph node.
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Figure 2.4. A, B — oral cavity, teeth, gums, dental calculus (DC) and gum hyperplasia (GH); C —
stomach (mucosal surface) (P — pylorus; C — cardia); D — small intestine (M — mucosal surface); E —
small intestine, mucosal surface with GALT (dotted line); F, G — small intestine (serosa; S — serosal
surface) with a lymphoid tissue cluster (dotted line — GALT); H — colon (M — mucosal surface); | —
colon (mucosal surface) with GALT (arrows); J — stomach, fundal gland mucosa (HE staining, 100x);
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K — stomach, pyloric gland mucosa (Muc) (SM — submucosa; Mus — muscular layer) (HE staining,
20x); L - small intestine (HE staining, 20x); M — small intestine (HE staining, 20x) — multifocal
lymphoid tissue (GALT — arrows) in the mucosa; N — small intestine (HE staining, 200x) — moderate
numbers of lymphocytes and eosinophils (arrows) scattered below the crypts (C); O — small intestine
(HE staining, 200x) — plasma cells are scattered in the lamina propria of mucosa; P — colon (HE
staining, 20x) — there are prominent GALT clusters (arrows) in the submucosa; Q,R — colon (HE
staining, 100x) — there are prominent GALT clusters (dotted line) in the submucosa; S — liver (HE
staining, 200x) — subcapsular fibrosis (F), proliferation of small biliary ductules and inflammatory cell
infiltrates; T — liver (HE staining, 100x) — dilated lymphatics (arrows) around the central vein (CV); U
— liver (HE color, 200x) — portal triad (dotted line); V — liver (HE staining, 400x) — minimal
mononuclear cell infiltrate (arrow); W — gall bladder (HE staining, 20x) — multifocal lymphofollicular
aggregates scattered in the hyperplastic mucosa; X — gall bladder (HE staining, 100x) — multifocal
lymphofollicular aggregates (arrow) scattered in the hyperplastic mucosa; Y — mesenteric lymph node
(HE staining, 20x) — follicular and parafollicular hyperplasia.

2.5.  Urinary system

Gross description

Right kidney weight — 80.2 g, left kidney — 84.6 g. There were multiple (eight on the
right, six on the left) small, 1-2 mm, white pin-point foci extending into the
subcapsular cortex of both kidneys (Figure 2.5 A, B). There was a focal depression d
on the capsular surface of the right kidney; it was 2 mm wide, with gray tissue
extending 1 cm into the cortex. Urinary bladder was moderately filled with clear
urine.

Microscopic lesions

2.5.1. Kidneys

There were multifocal subcapsular medium-sized inflammatory foci composed of
histiocytes, plasma cells, lymphocytes and eosinophils (Figure 2.5 C). In the center of
inflammatory foci there were macrophages (Figure 2.5 D). Sclerotic changes were
observed in 1-5% of glomeruli, especially around the inflammatory foci and near the
corticomedullar junction. There were also small plasma and lymphocytic infiltrates
around the arteries (Figure 2.5 E).

In the renal cortex of right kidney there was segmental fibrosis with loss of tubules,
scattered lymphocytes, and infiltrates of plasma cells (Figure 2.5 F,G). Glomeruli had
thickened capillary loops (Figure 2.5 J) and an increased numbers of mesangial cells
(early sclerotic changes). An increase in the mesangial matrix in capillary loops was
observed in a rare glomerulus (Figure 2.5 I). Moderately severe and rather extensive
lymphoplasmic inflammation infiltrate was identified in submucosa of the renal pelvis
(Figure 2.5 K,L).

2.5.2. Urinary bladder

There was lymphoplasmacytic inflammation in the mucosa of urinary bladder with
occasional formation of lympho-follicular structures (Figure 2.5 M, N).

Diagnoses: Interstitial multifocal granulomatous and eosinophilic chronic, moderate
nephritis with segmented fibrosis, loss of tubules and glomerular sclerosis; chronic
moderately  severe lymphoplasmacytic pyelitis; multifocal minimal
mesangioproliferative glomerulonephritis; mild, chronic, lymphoplasmacitic cystitis.
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Figure 2.5. A — kidney, subcapsular nodule and focal segmental fibrosis (F); B — kidney, subcapsular
nodules (arrows); C — kidney (HE staining, 20x) — subcapsular inflammation (dotted line); D — kidney
(HE staining, 400x) — macrophages (M) in the center of the inflammation; E — kidney (HE staining,
400x%) — plasma cells (PC) and eosinophils (E) in the periphery of the inflammation; F — kidney (HE
staining, 100x) — segmental fibrosis; G — kidney (HE staining, 200x) — chronic interstitial nephritis
(IN) in the area of segmental fibrosis; H — kidney (HE staining, 400x) — glomeruli (within normal
limits); 1 — kidney (HE staining, 400x) — an increased amount of mesangial matrix in the glomerulus
(arrow); J — kidney (HE staining, 400x) — glomeruli (arrows) with thickened capillary loops; K —
kidney (HE staining, 100x) — moderately severe lymphocyte and plasma cell infiltration (Ly-PC) in the
renal pelvis (RP); L — kidney (HE staining, 200x) — moderately severe lymphocyte and plasma cell
infiltration (Ly-PC) in the renal pelvis (RP); M - urinary bladder (HE staining, 200x) —
lymphofollicular mononuclear cell cluster (Ly-F) in mucosa (BL — bladder lumen); N — urinary bladder
(HE staining, 20x) — multifocal lymphofollicular mononuclear cell clusters (arrows) in the lamina
propria of mucosa (BL — bladder lumen).

2.6. Reproductive system

Gross description

Male genital organs were without significant changes. Right testicle — 15.6 g, left
testicle —17.4 g.

Microscopic lesions

2.6.1. Prostate

In the prostate there were variably sized areas of multifocal lymphoplasmacytic
inflammation surrounding prostatic tubules and acini partially effacing them (Figure
2.6 A, B). Some tubules were partially necrotic and there were neutrophils in their
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lumina. Prostatic urethral inflammation was similar to that observed in the renal pelvis
(Figure 2.6 C, D).

2.6.2. Testicles

There was spermiostasis with agglutinated spermatozoa and necrotic cells present in
the lumen of several efferent ductules (Figure 2.6 E). There were low numbers of
multinucleated cells and mild degeneration of Sertoli cells.

Diagnoses: Moderately severe chronic multifocal lymphoplasmacytic prostatitis;
mild, chronic lymphoplasmacytic urethritis; mild, focal spermiostasis in the testicles.

Figure 2.6. A — prostate (HE staining, 20x) — lymphoplasmacytic focally spreadind inflammation
(dotted line); B — prostate (HE staining, 200x) — lymphoplasmacytic inflammation (PC — plasma cells);
C — prostatic urethra (HE staining, 20x) — inflammation similar to the urinary bladder and renal pelvis
(Ly-F — lymphofollicular inflammation); D — prostatic urethra (U) (HE staining, 200x) — inflammation
similar to the urinary bladder and renal pelvis (Ly, PC — lymphocytes and plasma cells); E — testicle
(HE staining, 100x) — spermiostasis in multifocal seminiferous tubules (arrows).
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2.7.  Endocrine system

Gross description

Adrenal gland. Right adrenal gland — 0.9 g, left — 1.2 g, without significant changes.
Thyroid gland. Right thyroid gland — 0.6 g, left — 0.6 g.

Microscopic lesions

2.7.1. Adrenal gland

There were no significant microscopic lesions. Thyroid gland. Moderate variability in
follicular size was observed — multifocal follicles were reduced in diameter (Figure
2.7. A, B).

Diagnosis: Mild, multifocal follicular atrophy in the thyroid gland.

Figure 2.7. A — thyroid gland (HE staining, 20x) — multifocal follicles (dotted line) are reduced in size;
B — thyroid gland (HE staining, 200x) — multifocal follicles (arrows) are reduced in size.

2.8.  Nervous system

Gross description

Brain weight was 88.6 g. Mild thickening (fibrosis) was observed in the soft tissues of
the meninges.

Microscopic lesions

Significant microscopic lesions were not observed.

2.9.  Musculoskeletal system
Significant gross or microscopic lesions were not observed.
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Background and Objectives: Adipose-derived mesenchymal stem cells (ADSCs) are promising candidates in regenerative
medicine. The need for i vitro propagation to obtain therapeutic quantities of the cells imposes a risk of impaired
functionality due to cellular senescence. The aim of the study was to analyze in vitro senescence of previously cry-
opreserved human ADSCs subjected to serial passages in cell culture.

Methods and Results: ADSC cultures from 8 donors were cultivated until proliferation arrest was reached. A gradual
decline of ADSC fitness was observed by altered cell morphology, loss of proliferative, clonogenic and differentiation
abilities and increased /-galactosidase expression all of which occurred in a donor-specific manner. Relative telomere
length (RTL) analysis revealed that only three tested cultures encountered replicative senescence. The presence of two
ADSC subsets with significantly different RTL and cell size was discovered. The heterogeneity of ADSC cultures was
supported by the intermittent nature of aging seen in tested samples.

Conclusions: We conclude that the onset of i vitro senescence of ADSCs is a strongly donor-specific process which
is complicated by the intricate dynamics of cell subsets present in ADSC population. This complexity needs to be
carefully considered when elaborating protocols for personalized cellular therapy.

Keywords: Human adipose-derived mesenchymal stem cells, Serial passage, Cell aging, Relative telomere length,
Subpopulations, Heterogeneity

Introduction

Multipotent stem cells (MSCs) were isolated from adi-
pose tissue for the first time by Zuk and colleagues in
2001 (1). Although MSCs can be found in a variety of tis-
sues fat holds several advantages over others. The fre-
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quency of stem cells in fat is 500-fold higher compared
to bone marrow (BM), a “golden standard” of adult stem
cells (2). Evidence suggests superior proliferative activity
of ADSCs over BM stem cells (3). In addition, the proce-
dure of fat collection is relatively easy to perform and less
burdensome for donor.

Senescence is metabolically active and stable state of
cells both in vitro and in vivo characterized by irreversible
cell proliferation arrest and dramatic changes in cell mor-
phology, metabolism, gene expression and secretory phe-
notype (4).

In 1961, it was discovered that human fibroblasts pos-
sessed a limited proliferative capacity in culture, a phe-
nomenon known as replicative senescence (5). DNA of te-
lomeres, terminal structures of chromosomes, shortens
during each S phase of cell cycle due to inability of DNA
polymerase to complete the replication of lagging DNA
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strand. Hence, telomere shortening acts as a mitotic clock
which determines replicative senescence (6).

Premature senescence, on the other hand, is caused by
factors other than critically short telomeres. Among them
are the lack of nutrients and cell-to-cell contacts (7), UV
radiation (8), reactive oxygen species (9), chemotherapy
(10), altered chromatin structure (11), and oncogenes (12).

A variety of biomarkers is studied to characterize MSC
senescence. Among them, the most popular ones are asso-
ciated with morphological and proliferative changes (13),
increased expression of senescence-associated /3 -galactosidase
(SA- B-gal) (14), the loss of MSC trilineage differentiation
potential (15), cell cycle arrest (16), epigenetic mod-
ifications (17), oxidative stress (18), telomere shortening
and DNA damage (19), activation of tumor suppressors
p33, RBI and pl6™* (17, 20, 21). In addition, formation
of senescence-associated heterochromatic foci (22) and
promyelocytic leukemia protein bodies (23), as well as al-
tered microRNA expression profile (24) have been observed.

A plenitude of clinical data gathered both from animal
and human studies suggest broad clinical applicability of
MSCs (25, 26). However, a single treatment protocol may
require as many as 10~400 million cells to attain clinical
significance. Therefore, pre-transplantation cultivation of
MSCs is a prerequisite. For this reason, it is essential to
study MSC 1 vitro senescence especially given the lack
of standardised MSC expansion protocols among laboratories.

The aim of this work was to analyze in vitro senescence
of human culture-expanded ADSCs. Previously frozen and
long-term cryopreserved ADSC cultures from 8 donors
were cultivated until proliferation arrest was reached. Cell
senescence was characterized with respect to cell morphol-
ogy, proliferative abilities, potential of adipo- and osteo-
genesis, SA- /3 -gal expression, metabolic activity, accumu-
lation of intracellular peroxide, transcriptional activity
(monitoring of 25 gene expression by reverse transcription

polymerase chain reaction (RT-PCR)), as well as relative
telomere length.

Materials and Methods

Cell source

ADSC cultures from eight donors were used in the
study (Table 1). All cell cultures were retrieved from a cell
bank where they were stored at passage 2 (P2) (except for
cells from donor CS-5 which were stored at P3). ADSCs
were isolated from human subcutaneous adipose tissue in
accordance with The Latvian Central Medical Ethics
Committee (permit No.12) after informed consent. Primary
ADSCs cultures were cultivated in 5% autologous serum
in hypoxic conditions (5% O) and prepared for storage
(5x10° cells per ml) as described elsewhere (27).

Cell culture

After thawing, cells were counted in Biirker chamber
and seeded on 75 cm? tissue culture flasks (~2x10° cells
per flask) in DMEM/F12 medium containing 10% fetal
bovine serum (FBS), 20 ng/ml basic fibroblast growth fac-
tor (bFGF), 2 mM L-glutamine and 100 #/ml:100 «g/ml
penicillin-streptomycin (all reagents were obtained from
Life Technologies, Paisley, UK, except for bFGF - BD,
Franklin Lakes, New Jersey, USA) and cultured in a hu-
midified atmosphere at +37°C, 5% CO,. Medium was re-
placed every third day. When ~80~90% confluency was
reached cells were detached using cell dissociation reagent
(TrypLE Express Enzyme, Life Technologies). A portion
of cells were split at a ratio 1:5 for further subculturing.
Remaining cells were frozen in DMEM/F12 medium con-
taining 10% DMSO (Gaylord Chemical, Slidell, Louisiana,
USA) and 20% FBS and stored in liquid nitrogen for later
analysis. Passaging was continued maintaining the 1:5
split ratio until confluency could not be reached within

Table 1. Summary of adipose-derived mesenchymal stem cell cultures used in the study

Culture code Donor age Donor sex Length.of Initial passage Last passage Cumulative PDs
cryo-preservation, years
CS-1 61 Male 3 P3 P11 20.46
CS-2 57 Female 2.5 P3 P9 17.46
CS-3 63 Male 2 P3 P13 23.28
CS-4 43 Male 2 P3 P5 8.03
CS-5 47 Male 1.5 P4 P7 8.29
CS-6 38 Female 3 P3 P8 14.69
CS-7 38 Male 2.5 P3 P6 10.19
CS-8 27 Female 3.5 P3 P14 28.97

P: passage; PDs: population doublings.
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four weeks.

Proliferation kinetics

Cells were counted using Biirker chamber at the end of
each passage. Population doubling time (PDT) and the
number of population doublings (PD) were calculated ac-
cording to formulas PDT=In2*T/In(N1/Ny), and PD=T/
PDT, respectively, where T - culture time, Nt—cell num-
ber at the end of a passage, Ny—cell number at the begin-
ning of a passage.

Colony forming unit (CFU) assay

Two replicates of 10° cells were seeded in a six-well cul-
ture dish using the same medium as that for cell culture
and cultivated for 2 weeks in a humidified atmosphere at
+37°C and 5% CO,. Medium was changed every fourth
day. Dishes were placed on ice and washed twice with cold
phosphate-buffered saline (PBS) (Life Technologies).
Cells were fixed with ice-cold methanol for 10 min, re-
moved to room temperature and stained with 0.5% crystal
violet dye (Sigma-Aldrich, Steinheim, Germany) solution
in methanol. The stain was dissolved with 0.5% sodium
dodecyl sulphate and absorbance was measured at 539 nm
wave length.

Adipo- and osteogenic differentiation

For adipogenesis, ADSCs were cultivated in 12-well cul-
ture dishes until 90% confluent. Regular culture medium
was replaced with adipogenesis induction medium con-
taining DMEM with high glucose content (Life Technolo-
gies), 10% FBS (Life Technologies), 2 mM L-glutamine
(Life Technologies), 10 1 g/ml human insulin (Life Tech-
nologies), 1 ~M dexamethasone (Sigma-Aldrich), 100 «M
indomethacin (Sigma-Aldrich), 0.5 mM 3-isobutyl-1-me-
thylxanthine (Sigma-Aldrich), 5 xg/ml gentamicin (Life
Technologies). Cells in control wells were cultivated in
DMEM (high glucose) supplemented with 10% FBS. Cells
were cultured in a humidified atmosphere at +37°C and
5% CO, and medium was replaced every third day. Lipid
droplets were detected after 16 days by Oil Red O
(Sigma-Aldrich) staining.

For osteogenesis, ADSCs seeded on 12-well plates were
allowed to reach 70% confluency. Osteogenic differentiation
was induced by adding medium containing DMEM with
low glucose content (Life Technologies), 10% FBS (Life
Technologies), 2 mM L-glutamine (Life Technologies),
10 mM glycerol-2-phosphate (Sigma-Aldrich), 50 ~«M
L-ascorbic acid (Sigma-Aldrich), 0.1 #M dexamethasone
(Sigma-Aldrich), 5 g/ml gentamicin (Life Technologies).
Control cells were cultivated in DMEM (low glucose) with

10% FBS. Cells were cultured in a humidified atmosphere
at +37°C and 5% CO, and medium was replaced every
third day. After 30 days, extracellular calcium accumu-
lation was detected by Alizarin Red S (Sigma-Aldrich)
staining and alkaline phosphatase activity was determined
using BCIP/NBT (Sigma-Aldrich) as a substrate.

SA- B3 -galactosidase assay

2.5x10* cells were seeded in a 96-well plate in triplicates.
After 48 hours, /S-gal expression was detected using
Senescence Cells Histochemical Staining Kit (Sigma-Aldrich)
according to manufacturer’s instructions. To obtain a
quantifiable result, images of stained cells were acquired
with PowerShot S80 digital camera (Canon, Melville, New
York, USA) and evaluated by two independent observers
according to two parameters — color intensity and percent-
age of stained cells per field of view. For color measure-
ment, a S-point intensity scale was developed where 0
equaled ‘no staining’ and 5 - ‘very dark color’.

MTT assay

2.5%10" cells were seeded in a 96-well plate in triplicates.
After 48 hours, MTT assay was performed using Vybrant®
MTT Cell Proliferation Assay Kit (Life Technologies) ac-
cording to manufacturer’s instructions. Absorbance was
measured at 539 nm after overnight dissolution of formazan.

Quantitative peroxide assay

100 1 of ADSCs (1x10° cells per ml) were lysed by
repeated freezing in liquid nitrogen and thawing at 42°C.
Peroxide level in cell lysates was determined using Pierce™
Quantitative Peroxide Assay Kit (Thermo Scientific,
Rockford, Illinois, USA) according to manufacturer’s in-
structions on lipid-compatible procedure. Absorbance was
measured at 620 nm.

Reverse transcriptase polymerase chain reaction
RNA was isolated from ADSCs with TRI reagent
(Sigma-Aldrich) according to manufacturer’s instructions
except that RNA was precipitated in isopropanol over-
night at —20°C in the presence of 120 ng of glycogen
(Thermo Scientific). RNA quality and quantity was de-
termined by NanoDrop® ND-1000 spectrophotometer
(Thermo Scientific). 500 ng of DNase-treated RNA was
subjected to complementary DNA synthesis using Re-
vertAid™ First Strand ¢cDNA Synthesis Kit (Thermo
Scientific). The reaction was carried out with oligo(dT)
primer according to manufacturer’s instructions. 1 #1 of
c¢DNA was added to a PCR reaction mixture containing
2X PCR Master Mix (Thermo Scientific) and 0.4 «M pri-
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mers (Metabion, Planegg, Germany) to amplify a set of
genes (Table S1). Reaction conditions were as follows: ini-
tial denaturation at 94°C for 3 min followed by 30 cycles
of 94°C for 30 s, 60°C for 30 s and 72°C for 45 s, finished
with a 5 min extension at 72°C. Amplification products
were visualized by ethidium bromide staining in agarose
gel electrophoresis. Densitometric analysis of acquired im-
ages was carried out using Image] software (version 1.48).

Telomere Flow FISH

Relative telomere length of cultured ADSCs was as-
sessed with Telomere PNA Kit/FITC for Flow Cytometry
(Dako, Glostrup, Denmark) according to manufacturer’s
instructions using BD FACSCanto™ flow cytometer with
BD FACSDiva™ Software (version 7.0). Jurkat cell line
(ATCC/LGC Standards, Boras, Sweden) served as inner
control. Each sample was assayed twice. 20 000 events
were counted per measurement. Flow cytometer calibra-
tion was performed using BD Cytometer Setup and
Tracking Beads. Results were analyzed using Infinicyt' "
software (version 1.5.0) (Cytognos, Salamanca, Spain).

DNA index

DNA index of ADSC and Jurkat cells was measured
with CycleTEST™ PLUS DNA Reagent Kit (BD) using
BD FACSCanto™ flow cytometer and ModFit LT v3.3
software (version 3.3) (BD). The procedure was carried out
on freshly thawed cells according to manufacturer’s
instructions.

Statistical analysis

Statistical analysis was performed in R software (version
3.0.2). Comparison of two data sets was done by t-test or
Wilcoxon’s test based on homogeneity of dispersions which
was determined by F-test. Relation between results ob-
tained by two different tests was assessed by correlation
or regression analysis. For correlation analysis, Shapiro-Wilk
test for normality was used to determine whether data
were normally distributed. Depending on normality,
Pearson or Spearman correlation was used. Regression
analysis was performed using /() function. Regression as-
sumptions were tested by graphic analysis. The influence
of each data point on regression model was estimated with
Cook’s distance. Significance level for all tests were @ =0.05.

Results

Proliferation capacity and morphology of ADSCs
during /n vitro long-term cultivation
Growth kinetics: To assess cellular senescence in

ADSCs, cell cultures from eight donors were subjected to
long-term i ovitro cultivation. For most donors, cells had
been cryopreserved at P2 before beginning of the study
(Table 1). After reaching confluency, a portion of cells was
frozen for later analysis while the rest were reseeded to
start the next passage. Subculturing was terminated if
more than 4 weeks were necessary for cells to become
confluent. Individual ADSC cultures reached the state of
proliferation arrest after a considerably different time as
were seen by differences in their respective cumulative PD
values (Fig. 1A). Three cultures (CS-4, CS-5 and CS-7)
stopped proliferating as early as after three (CS-4) or four
(CS-5, CS-7) passages (cumulative PDs were 8.02, 8.30
and 10.19, respectively) and were excluded from further
senescence evaluation as unsuccessfully expanded. In the
remaining cultures, the number of cumulative PD varied
from 14.69 (CS-6) to 28.97 (CS-8) (Table 1).

The proliferation rates of all cultures decreased un-
evenly during expansion (Fig. 1B) despite maintaining
consistent split ratio of equally dense monolayer cultures.
One (CS-1, CS-3, CS-6, CS-8) or two (CS-2) pronounced
peaks of increased PDT were observed in the middle part
of cultivation followed by reactivation of proliferation in
subsequent passages. Proliferative ability of all cultures
was lost very rapidly at the last passage indicated by 3.7
to more than 10-fold increase of PDT comparing to pe-
nultimate passage. The arrested proliferation was also de-
noted by the minimal increase of cumulative PDs at the
last passage (Fig. 1A). It has been reported that MSC pro-
liferation potential lowers both with increasing time in
culture and donor age (13). We found a positive regression
between passage number and PDT (p<0.05) in samples
CS-1 and CS-3, while in the case of CS-6 and CS-8, p val-
ue was close to significance level. Such relation was absent
in CS-2 due to specifics of the growth curve. After the ex-
clusion of unsuccessfully expanded cultures the rest of the
samples fell into two distinct age categories — above 50
(CS-1, CS-2, CS-3) and under 40 years (CS-6, CS-8).
There were no significant differences in growth kinetics
between these groups, although the small sample size
might compromise the validity of this observation.

Morphology: Morphologically, all cultures showed typ-
ical spindle-shaped appearance of MSCs at early passages.
During long-term culture, the commonly described sen-
escence-associated changes were observed: the increase of
average cell size and heterogeneity, flattening of cells, ir-
regular cell shape, and accumulation of granular in-
clusions in cytoplasm. Also, cells in late passages had a
tendency to grow in star-shaped clusters rather than to
form monolayers (Fig. 1C). However, similarly to pre-
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Fig. 1. Proliferation capacity and morphology of ADSCs during in vitro long-term cultivation. (A) Cumulative population doublings (PD).
(B) ADSC proliferation curves showing population doubling time (PDT) at each passage. (C) ADSC morphology during long-term cultivation.
Monolayer cells from early (upper-left) and late (upper-right) passage, and suspended cells from early (lower-left) and late (lower-right) passage
are shown. (D) Clonogenicity potential of ADSCs. Upper panel —relative CFU test values; lower panel — an image of CFU test wells reflecting

donor variance. OD: optical density.

viously described fluctuations in ADSC growth rates dur-
ing culture, morphological changes did not accumulate
evenly. Reappearance of spindle-shaped cells could be ob-
served at P8 of sample CS-1 (Fig. S1). These cells domi-
nated during P9 and P10 and possessed heightened pro-
liferative abilities as indicated by decrease of PDT by
37.5% and 54.2% at P9 and P10, respectively when com-

paring to P7 (Fig. 1B). Similar observations were made
in other ADSC cultures as well (data not shown).

At early passages, no significant differences in cell mor-
phology were observed among donors. During long-term
cultivation, donor-specific characteristics of cell appear-
ance became visible (Fig. S2) indicating different course
of aging in individual cultures. Nevertheless, all cultures
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reached terminal senescence having a typical look of aged
cells and were unable to further divide.

Clonogenicity: Alterations in ADSC clonogenic prop-
erty was assessed using CFU assay. 10 cells were seeded
in a six-well plate in two replicates, cultured for 2 weeks
and stained with crystal violet. Since we observed a ten-
dency of cells to grow in a more diffused manner rather
than form dense colonies the dye was dissolved after stain-
ing and quantified spectrophotometrically. Others have
shown that colony forming ability negatively correlates
with PDT, donor’s age and passage number (28). Our re-
sults showed a negative correlation between CFU test val-
ue and PDT, but it was not significant (p>>0.05).
Nevertheless, statistically significant negative relation be-
tween CFU test value and passage number existed (p
<0.05). Again, the presence of donor variance was ob-
served (Fig. 1D). This was illustrated by CFU test value
of sample CS-6 which exceeded that of other cultures 7.47
times on average at P3. However, this difference rapidly
declined during culture and reached the level of other
samples at the last passage.

Senescence-related alterations of ADSC properties

Differentiation: Differences in adipo- and osteogenic
potential between ADSCs from early (P3) and late (P9) pas-
sage were analyzed. Adipogenesis was assessed by staining
intracellular lipid droplets with Oil Red O after 16 days
of cultivation in adipogenesis induction medium. Osteo-
genesis was demonstrated by alkaline phosphatase activity
and Alizarin Red S staining of accumulated calcium de-
posits after 30 days of differentiation. The results con-
firmed the ability of ADSCs to differentiate into the two
lineages albeit with varying efficiencies among donors
(Fig. 2). Accumulation of both lipid inclusions and ex-
tracellular calcium reduced dramatically at P9 compared
to P3 (Fig. 2A, B). On the other hand, the level of alkaline
phosphatase activity remained unchanged between pas-
sages (Fig. 20).

Senescence-associated S -galactosidase expression:
As a common indicator for cellular senescence, expression
of SA-3-gal was determined by a histochemical staining
method. Every other passage of long-term culture-ex-
panded ADSCs was analyzed. Images of non-overlapping
fields of view were evaluated by two independent ob-
servers to quantify SA-/-gal expression levels. As ex-
pected, little or no SA- 3 -gal expression was detected in
early passages with subsequent increase during further
cultivation (Fig. 3A). This result was confirmed by re-
gression analysis revealing a positive association between
SA- 8 -gal expression value and passage number. However,

this was not significant (p>0.05) due to fluctuations of
SA- B -gal expression levels in samples CS-1, CS-3 and
CS-8 (Fig. S3). Interestingly, these fluctuations were con-
comitant with those observed in growth analysis con-
firmed by statistically significant positive correlation (p>
0.05) between SA-[-gal expression level and PDT.

Metabolic activity: ADSC metabolic activity was as-
sessed by MTT (3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-
tetrazolium bromide) assay. Every other passage was
tested. MTT test results showed no association with pas-
sage number in neither sample (p>0.05) indicating that,
in our experimental conditions, changes of enzymatic ac-
tivity in cells were not directly related to time in culture
or PDT. However, the overall metabolic activity was high-
er in early passages, decreased during culture and in-
creased once again towards the end of cultivation (Fig.
3B). This result might be explained by a shift in dominant
cellular functions during long-term culture. Accordingly,
elevated metabolic activity at early passages is consistent
with rapid proliferation which ceases as cells approach
senescence. In support of this, the lowest absorption values
were detected at passages with proliferation slowdown
peaks in growth curves (CS-1-P7, CS-2-P7, CS-3-P9, CS-6-P5)
(Fig. 1B). The subsequent increase of metabolic activity
at late passages could, on the other hand, be explained by
such energy-consuming cellular phenomena as senescen-
ce-associated secretory phenotype (SASP), characterized by
an active secretion of chemokines, cytokines, and other
factors participating in inflammation, growth stimulation,
tissue remodeling and matrix degradation, and autophagy,
a process of nonspecific degradation of cytoplasmic com-
ponents, which has been shown to be functionally linked
to SASP, at least in certain cases (29). Thus, according to
our data, increased MTT test values after a ‘fall’ might
be associated with senescence.

Intracellular peroxide: Fluctuations of intracellular
peroxide in ADSCs were measured quantitatively. Standard
curve was generated using 2-fold serially diluted H,O,
starting with 1 mM standard. For precision, dilutions were
prepared twice and each set of standards was measured
in duplicate. Since the standard curve was not linear over
the entire assay range only low end range was used
(R*=0.9983) (Fig. 3C, left panel). The measurements of
samples fell in this range.

Intracellular peroxide levels showed no association with
neither passage number, nor PDT, nor metabolic activity
(p>0.05). Peroxide concentrations varied among donors
and there were substantial fluctuations even among pas-
sages of a single donor (Fig. 3C, right panel). Thus, no
direct association between peroxide accumulation and sen-
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Sample Control

200 pm

Fig. 2. Bilineage potential of ADSCs. Shown is the comparison of early (P3) and late (P9) passage of two representative samples (CS-3
and CS-8) reflecting donor-specific differences. (A) Adipogenesis detected by Oil Red O staining of lipid inclusions. (B, C) Osteogenesis
detected by (B) Alizarin Red S staining of extracellular calcium, and (C) alkaline phosphatase activity.
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Fig. 3. Senescence-related changes of ADSC phenotype. (A) SA-/3-gal expression was tested histochemically. Images were subjected to
visual evaluation by two observers with regard to color intensity and percentage of stained cells per field of view. A typical view of increased
SA--gal expression in ADSCs during long-term culture is shown (lower panel) with the respective visual evaluation data (upper panel)
(B) ADSC metabolic activity determined by MTT assay. Optical density (OD) readings are expressed as mean of triplicate measurements.
(O) Quantity of hydrogen peroxide in ADSCs. H,O, standard curve is shown (left panel). H,O, measurements of samples are expressed
as mean of two replicates (right panel). AU: arbitrary units; P: passage. Error bars indicate standard deviation.

escence was proved in this study.

Gene expression profiles and transcription activities:
To screen for alterations in gene expression in ADSCs
during long-term culture 25 genes associated with such
cellular functions as DNA repair, cell cycle regulation, an-
tioxidation activity, apoptosis and epigenetic regulation
were studied. Relative gene expression was determined by
reverse transcription PCR and normalized against /5 -actin
expression. The amplified products were visualized by
ethidium bromide staining and quantified by densi-
tometry analysis. Out of 25 genes tested, transcripts of
three genes (TERT, BIRCS, GSTAS) were not detected in

neither culture except CS-8 showing weak expression of
BIRCS (data not shown). For the rest of the genes, ex-
pression profiles were strongly donor-specific (Fig. S4)
and rendered it impossible to associate the transcription
of any of the genes with the development of senescence.

RTL and detection of ADSC subpopulations: To de-
termine whether ADSC senescence phenotype was asso-
ciated with alterations in telomere length, fluorescence in
situ hybridization technique for flow cytometry (Flow
FISH) was utilized using FITC-conjugated telomere-spe-
cific peptide nucleic acid (PNA) probes. The specific fluo-
rescence was calculated by subtracting autofluorescence of
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cells without probe. Jurkat cells were added to each sam-
ple at a 1:1 ratio to normalize for inter-experimental
variations. Cells in GO/G1 phase were discriminated by
propidium iodide staining. Given the pseudodiploid kar-
yotype of Jurkat cells (30) DNA index measurement was
made. It was 1.00 for ADSCs (2n) and 1.83 for Jurkat cells
(data not shown).

Results indicated that RTL significantly decreased in
two samples (CS-3 and CS-8) when comparing the first
and last passage (52.3% and 35.8%, respectively, p<<0.05)
(Fig. 4A). However, fluctuations of RTL were seen during
passaging as in the previous tests indicating the complex
nature of senescence process.

To test whether the increase of telomere length observed
in some passages could occur due to pseudo-lengthening
of telomeres because of the presence of various cell sub-
populations, forward scatter signal versus telomere-specif-
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ic FITC fluorescence were analyzed. Surprisingly, two
well-separated ADSC subpopulations were detected in all
samples and passages analyzed albeit at varying quantita-
tive relations among donors (Fig. 4B, Table 2). This result
was specific to ADSCs since no such observation was
made for simultaneously tested Jurkat cells (Fig. 4B, lower
panel). Interestingly, the discovered subpopulations dif-
fered significantly in terms of RTL and cell size (p<0.05,
Fig. 4C, D) and were designated as S population for
‘small’ cells and L population for ‘large’ cells. The mean
RTL of S population was 0.95 to 1.75 times shorter than
that of L population, while the difference of cell size was
2 to 3-fold depending on the sample.

As seen in Table 2, a gradual decrease of RTL during
passaging was detected in both populations of CS-3 and
CS-8 but for CS-1, only in L population (p<0.05).
Furthermore, the shortening of RTL occurred more rap-
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Fig. 4. Relative telomere length (RTL) of culture-expanded ADSCs and identification of cell subpopulations. (A) Flow FISH analysis of RTL
dynamics during long-term culture. Each data point is expressed as mean +standard deviation of duplicate measurements. Continuous line
represents mean RTL of five (P3-9), three (P11), and two (P13) samples. (B) The presence of two ADSC subpopulations (S and L) during
RTL measurement was detected (upper panel). In contrast, only a single population of control Jurkat cells existed (lower panel, J). The
S and L populations differed with respect to their RTL (C) and cell size (D) (data expressed as mean of all analyzed passages of five
samples CS-1,2,3,6,8 +standard deviation; *p<0.05, **p=0.001). AU: arbitrary units; P: passage.
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Table 2. Comparison of relative telomere length (RTL), quantitative ratio and cell size of cell subpopulations S and L as identified by
Flow FISH in adipose-derived mesenchymal stem cell cultures

Quantitative ratio (%) Cell size (AU)
Sample
S L S L S L
CS-1
P3 0.82+0.01 1.17+0.02 2.6+0.99 97.4+0.99 51.75+1.48 114.95+0.21
P5 0.84+0.03 1.39+0.04 7.0+0.99 93.0+0.03 46.70+0.14 123.90+4.95
P7 0.81+0.00 1.29+0.00 10.9+0.35 89.1+0.35 46.55+0.35 124.55+1.20
P9 0.80+0.03 0.95+0.03 2.0+0.14 98.0+0.14 56.45+0.64 123.70+0.57
P11 0.91+0.12 0.86+0.11 3.0+0.70 97.0+0.70 50.18+1.83 113.03+2.51
CSs-2
P3 0.96+0.02 1.21+0.02 2.1+0.21 97.9+0.21 58.62+0.07 113.55+0.07
P5 0.79+0.18 1.27+0.29 6.3+0.42 93.7+0.42 49.50+0.42 128.4+2.26
P7 0.40+0.00 1.10+0.00 7.3+0.78 92.7+0.78 46.88+0.95 103.07 +1.27
P9 0.62+0.03 1.18+0.05 18.3+2.04 81.7+2.04 52.04+0.54 162.35+2.61
Cs-3
P3 0.90+0.02 1.21+0.03 3.9+0.35 96.1+0.35 50.60+2.80 115.26+3.32
P5 0.90+0.03 1.32+0.04 7.0+0.28 93.0+0.28 49.39+0.59 130.28 +£0.73
P7 0.81+0.01 1.34+0.01 14.7 +4.38 85.3+4.38 47.67+0.28 124.92+1.08
P9 0.53+0.01 1.01+0.03 3.7+0.49 96.3+0.49 47.51+0.71 119.38+0.14
P11 0.57+0.03 1.01+0.05 3.0+0.35 97.0+0.35 56.69+0.04 136.50+0.26
P13 0.43+0.27 0.59+0.38 29.4+0.99 70.6+0.99 59.40+0.29 131.33+3.79
CS-6
P3 0.93+0.02 1.36+0.03 2.7+0.21 97.3+0.21 46.88+0.79 109.16+0.50
P5 1.07+0.00 1.63+0.00 4.3+0.92 95.7+0.92 47.91+0.73 124.96+0.56
P7 1.01+0.01 1.32+0.01 5.5+0.35 94.5+0.35 47.80+0.74 120.36+1.97
P8 0.91+0.13 1.55+0.22 6.0+0.92 94.0+0.92 52.18+1.57 138.02+0.46
Cs-8
P3 0.90+0.00 1.40+0.00 3.0+0.14 97.0+0.14 46.50+1.41 123.25+0.63
P5 0.95+0.07 1.40+0.11 20.5+2.05 79.6+2.05 46.75+0.64 117.8+2.12
P7 0.87+0.04 1.32+0.06 32.6+2.62 67.5+2.62 46.95+1.06 130.85+5.87
P9 0.70+0.02 1.21+0.04 24.8+2.47 75.3+2.47 45.00+0.57 112.50+0.07
P11 0.69+0.01 1.09+0.02 24.0+1.41 76.0+1.41 45.30+0.14 110.40+0.57
P13 0.67+0.04 0.99+0.06 26.9+1.55 73.1+1.55 51.45+0.07 136.40+0.00
P14 0.75+0.20 0.72+0.19 11.5+0.35 88.6+0.35 58.85+1.20 177.25+2.90

Data are expressed as means of duplicate measurements +standard deviation. AU: arbitrary units; P: passage.

idly in L population compared to S in samples CS-1, CS-3
and CS-8, and, at the last passage, RTL difference be-
tween populations became insignificant. Since the cells
lost their proliferative ability very rapidly at the last pas-
sage (Fig. 1A, B), this might indicate the critical telomere
length blocking further proliferation. On the other hand,
samples CS-2 and CS-6 followed a different pattern. For
CS-6, there were no significant RTL changes during pas-
saging in neither population (p>0.05), while for CS-2,
changes were seen only in S population, but they were not
significantly associated with passage number (p>0.05,
Table 2). Thus, the senescence of these cultures might be
caused by factors other than critically short telomeres.
During passaging, changes in quantitative relation be-
tween subpopulations were observed in a donor-specific

manner (Table 2). When the dynamics of S population
quantity and peaks of proliferation slowdown (Fig. 1B)
were compared, it was found that peaks corresponded ei-
ther to the highest percentage of S population cells (for
CS-1, the amount of S cells was 2.6% in P3 and 10.9%
in P7; for CS-8 — 3.0% in P3 and 32.6% in P7) or to sub-
stantial RTL decrease in the S population (for CS-3, RTL
decreases by 35% in P9 compared to P7; for CS-2 - by
49% in P7 compared to PS).

Discussion

In this study, we aimed to analyze the development of
senescence of eight ADSC cultures previously frozen and
stored in liquid nitrogen for 1.5 to 3.5 years.
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Originally, all cultures were obtained and cultivated at
5% oxygen in the presence of autologous serum before
they were cryopreserved. By contrast, this work employed
ambient oxygen and FBS as a serum source which might
have impacted the course of senescence. However, such
conditions mimic a realistic situation when patient’s cells
have been cryopreserved in a tiered cell banking system,
a recommended practice to minimize microbial con-
tamination and facilitate large-scale cGMP-compliant cell
production (31). In this case, cells can be stored in a mas-
ter bank for an unknown period of time before further
manufacturing is required. Due to evolving technological
and regulatory requirements long-preserved cell products
may become unintentionally exposed to suboptimal cul-
ture conditions.

MSC cultures are thought to be heterogeneous, com-
prised of subpopulations of cells with diverse features in-
cluding multilineage potential, growth properties and clo-
nogenicity (32, 33) During expansion, cell subsets possess-
ing specific properties can be selected (34). Our data con-
firm the complex structure of MSC population by interre-
lated fluctuations of growth rate, morphology and SA- 8
-gal expression. Furthermore, an interesting observation
was made by telomere Flow FISH when two distinct
ADSC populations with significantly different cell size
and RTL were found. The question remains whether this
finding represents ‘real’ subpopulations of ADSCs. To
prepare cells for RTL measurement they are subjected to
harsh conditions such as high-temperature denaturation
in the presence of a chaotropic agent (formamide) which
is shown to have a detrimental effect on chromosomal
morphology (35). Furthermore, Baerlocher and colleagues
reported that heat and formamide treatment changed light
scatter properties of human leukocyte subsets compared to
untreated control (36). They also noticed swelling of cells
upon prolonged exposure to hybridization mixture which
depended on the composition of buffer used to suspend
cells. Thus, forward scatter signals of S and L population
are not necessarily an indication of the true size of these
cells but should rather be perceived as a feature of tested
ADSCs resulting in two distinct responses to treatment
conditions as measured by Flow FISH. Nevertheless, the
RTL difference of these two populations is clearly seen.
Furthermore, unlike ADSCs, the control Jurkat cells,
though undergoing the same treatment, retained their op-
tical homogeneity and were not separated into distinct
subpopulations, thus suggesting that the phenomenon is
not a pure artifact.

Although several mechanisms of senescence are de-
scribed, reduction of telomere length is studied in most

detail. Other groups have reported mixed results concern-
ing the role of telomere length in causing senescence (37,
38). The data obtained in this study allow us to conclude
that both telomere-dependent and independent mecha-
nisms could be observed in studied ADSC cultures.
According to the telomere shortening pattern observed in
S and L populations (Table 2) we hypothesize that three
cultures (CS-1, CS-3, CS-8) entered replicative senescence
(telomere length of L population reached that of S pop-
ulation at the end of cultivation), the other two (CS-2,
CS-6) — premature senescence (telomere length of L pop-
ulations did not change significantly). The three samples
excluded from the study (CS-4, CS-5 and CS-7) are likely
to be added to premature senescence group. It is reported
that MSCs cease to proliferate when their telomeres reach
approximately 10 kb in length (15). However, it is also
known that critical telomere length can be as low as 4.5
kb (39). In our case, considering the reported average telo-
mere length of Jurkat cells (11.5 kb) (40) that served as
a control for RTL analysis, the extrapolated telomere
lengths of L subpopulation at the last passage were 9.89,
6.78 and 8.28 kb in samples CS-1, CS-3 and CS-8, re-
spectively which is in agreement with literature and the
concept of replicative senescence. On the other hand, the
same measurement revealed 13.57 kb in CS-2 and 17.82
kb in CS-6 further supporting the assumption of pre-
mature senescence in these samples. Moreover, the total
number of PDs of these samples was lower than CS-1,
CS-3 and CS-8 (Table 1) and the same result was seen
in SA-/-gal test — the mean expression of the enzyme was
1.88 times lower at the last passage of CS-2 and CS-6 com-
pared to the last passage of other samples (Fig. 4S).

According to our results, the preference for the two
forms of senescence — replicative and premature — in the
cells is dictated in a donor-specific manner. All ADSC cul-
tures were initially obtained by a similar procedure, were
all exposed to stress by changing culture conditions and
propagated simultaneously under the same conditions.
Nevertheless, one of the main observations in this study
is the high level of donor variability. Diverse growth prop-
erties and functionality of MSCs obtained from different
donors were observed previously (28) and are likely ex-
plained by different genetic backgrounds, clinical histories
and lifestyle of individual donors.

Conclusions

The work presented here demonstrates that human
ADSCs are heterogeneous and consist of cell subpopulations
which play a major role in the course of i vitro senescence
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in every individual cell culture. Moreover, the pattern of
n vitro aging is strongly donor-specific which my have im-
portant implications in personalized medicine.
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Table S1. List of primers used in the study

Gene name Gene reference number Sequence Product length (bp)

CELL CYCLE REGULATION

ATM NMO000051 Forward 5'-TGTTCCAGGACACGAAGGGAGA-3' 138
Reverse 5'-CAGGGTTCTCAGCACTATGGGA-3'
ATR NMO001184 Forward 5'-GGAGATTTCCTGAGCATGTTCGG-3' 100
Reverse 5'-GGCTTCTTTACTCCAGACCAATC-3'
BRCAT NMO007294 Forward 5'-CTGAAGACTGCTCAGGGCTATC-3' 155
Reverse 5'-AGGGTAGCTGTTAGAAGGCTGG-3'
CHEK1 NMO001274 Forward 5'-CTCATGGCAGGGGTGGTTTATC-3' 122
Reverse 5'-ACTGTTGCCAAGCCAAAGTCTG-3'
E2F4 NMO001950 Forward 5'-GGAAGGTATCGGGCTAATCGAG-3' 126
Reverse 5'-AGCTCCTCGATCTCTGCCTTGA-3'
NFKB1 NM003998 Forward 5'-GCAGCACTACTTCTTGACCACC-3' 130
Reverse 5-TCTGCTCCTGAGCATTGACGTC-3'
P16 NMO012308 Forward 5'-CTCGTGCTGATGCTACTGAGGA-3' 134
Reverse 5'-GGTCGGCGCAGTTGGGCTCC-3'
P53 NMO000546 Forward 5'-CCTCAGCATCTTATCCGAGTGG-3' 128
Reverse 5'-TGGATGGTGGTACAGTCAGAGC-3'
RB1 NMO000321 Forward 5'-AGAGCTTGGTTAACTTGGGAGA-3' 120
Reverse 5'-CTCATCTAGGTCAACTGCTGGC-3'
DNA REPAIR
APEX1 NMO001641 Forward 5-TCTTACGGCATAGGCGATGA-3' 111
Reverse 5'-CAGACCTCGGCCTGCATTAG-3'
TERT NM198253 Forward 5'-GCTGACGTGGAAGATGAGCG-3' 146
Reverse 5'-GCTCGACGACGTACACACTC-3'
XRCC4 NM003401 Forward 5'-TGATGGTCATTCAGCATGGACT-3' 109
Reverse 5'-TGCTTTTCTCAGTTCACCAACA-3'
XRCCo6 NMO001469 Forward 5'-TGCGTGGATTGTCGTCTTCT-3' 111
Reverse 5'-CTTCTTCATCGCCCTCGGTT-3'
APOPTOSIS
BAX NM138761 Forward 5'-TCAGGATGCGTCCACCAAGAAG-3' 103
Reverse 5'-TGTGTCCACGGCGGCAATCATC-3'
BCL2 NM000633 Forward 5'-ATCGCCCTGTGGATGACTGAGT-3' 127
Reverse 5'-GCCAGGAGAAATCAAACAGAGGC-3'
BIRC5 NM001012271 Forward 5'-CCACTGAGAACGAGCCAGACTT-3' 115
Reverse 5'-GTATTACAGGCGTAAGCCACCG-3'
CASP3 NMO004346 Forward 5'-GGAAGCGAATCAATGGACTCTGG-3' 146
Reverse 5'-GCATCGACATCTGTACCAGACC-3'
CASP8 NMO001228 Forward 5'-AACCTCGGGGATACTGTCTG-3' 297
Reverse 5'-CCTGTCCATCAGTGCCATAG-3'
CASP9 NM001229 Forward 5'-GTTTGAGGACCTTCGACCAGCT-3' 129
Reverse 5'-CAACGTACCAGGAGCCACTCTT-3'
ANTIOXIDATION
GSTAS NM153699 Forward 5'-CCAAGCTCCACTACTCCAATGC-3' 144
Reverse 5'-GGAACAGCAAACTCCCATCATTTCT-3'
PRDX2 NMO005809 Forward 5'-CCTTCCAGTACACAGACGAGCA-3' 136
Reverse 5'-CTCACTATCCGTTAGCCAGCCT-3'
PRDX5 NMO012094 Forward 5'-TGATGCCTTTGTGACTGGCGAG-3' 135
Reverse 5'-CCAAAGATGGACACCAGCGAATC-3'
SOD1 NMO000454 Forward 5'-CTCACTCTCAGGAGACCATTGC-3' 129
Reverse 5'-CCACAAGCCAAACGACTTCCAG-3'
TXN NMO003329 Forward 5-TTGGTGCTTTGGATCCATTTCCAT-3' 107

Reverse 5'-CAAGGCTTCCTGAAAAGCAGTCT-3'
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Table S1. Continued.

Gene name Gene reference number Sequence Product length (bp)
EPIGENETICS
DNMT1 NMO001379 Forward 5-ACCGCTTCTACTTCCTCGAGGCCTA-3’ 335
Reverse 5-GTTGCAGTCCTCTGTGAACACTGTGG-3’
HOUSEKEEPING
ACTB NMO001101 Forward 5-GAGCTACGAGCTGCCTGAC-3’ 110

Reverse

5-GGATGCCACAGGACTCCATG-3’
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Fig. S1. Changes of adipose-derived mesenchymal stem cell morphology during long-term cultivation. Representative images of sample
CS-1 are shown. Note the common senescence-associated enlargement and flattening of cells at passage 7 (P7) (white arrow). The appearance
of spindle- and triangular-shaped cells in P8 is depicted by black arrows. These cells dominate during P9 and P10. Scale bar = 100 zm.
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Fig. S2. Morphology of adipose-derived mesenchymal stem cells (ADSCs) obtained from different donors. Comparison of cells at passage
7 (P7) is shown. Cells from donor CS-1 are enlarged and irregular in shape which are typical signs of senescence. For CS-2, small triangular
cells clustering in groups are seen. ADSCs of CS-3 appear spindle-shaped with minimal signs of senescence. Image of CS-6 presents a
mixed population of cells where large, senescenct cells can be seen among spindle-shaped ones. For CS-8, ADSCs maintain a spindle-shaped
appearance and possess a donor-specific pattern to grow in a parallel orientation to each other making the monolayer appear streaky.
A lot of cell debris is present. Scale bar = 100 /zm.



Diana Legzdina, et al: Characterization of Senescence of Culture-expanded Human Adipose-derived Mesenchymal Stem Cells

A
CS-1 Cs-2 CS-6
4 4 1 4 -
ES

3 % % 3 3

2 1 2 A 2

14 14 14
] £
_4? 0 = T T T 1 0 T T T 1 0 T T 1
2 P4 P6 P8 P10 P11 P3 P5 P7 P9 P3 P5 P7 P8
[9]
£ CS-3 CS-8
o - -
gl ) ]
3
n I

> 1 7

2 2

11 1- m

0 +— - T T I_-—I T T T 1 0 T T T T T T 1

P3 P5 P7 P9 P11 P13 P3 P5 P7 P9 P11 P13 P14

v

Passage number

Fig. $3. Quantitative evaluation of senescence-associated /£ -galactosidase (SA-3-gal) expression. Adipose-derived mesenchymal stem cells
from five donors (CS-1,2,3,6,8) were culture-expanded until entering senescence. SA- 5-gal expression was tested histochemically. Images
were subjected to visual evaluation by two observers with regard to color intensity and percentage of stained cells per field of view. Error
bars show standard deviation from two measurements.



International Journal of Stem Cells

A

CS-1

Passage 3 4 6 7 8 10 11

ATM

ATR

BRCA1

CHEK1

E2F4

NFKB1

P16

P53

RB1

APEX1

XRCC4

XRCC6

CS-2

CS-3

CS-6

CS-8

3 45 7 9 3 45 7 8 9 1113 3 45 6 8 3 4 6 7 9101214

nul il

LUK

CULLLLER

e

LLULKERR

TELE - LLLLL

CLLRL

LLELY

III-...{:]

,!:!,!,!,5!.5

LRI LT P LA

Qunnnln

UL

Lt

LU

LA LLER N

ARRL

LLLLy

(LTI

an .yl

4

LLLCELE

LR RARRARH AN

ALY

LULLLLRLLEY

ALa Ly

YT

st

LLLLL RS s

LUERL

ALLae st

LLLLLLY

LLLLE AL M AL L

sinlnns
ol -

fllrll Ill

L LLTTEM

ALLLl

Witass..

LERRE

LLLLY

ol

LLLLY

Fig. S4. Gene expression in adipose-derived mesenchymal stem cells (ADSCs) during long-term culture. Messenger RNA was detected in
five ADSC cultures (CS-1,2,3,6,8) by reverse-transcriptase polymerase chain reaction. Amplification products were visualized in UV light
by ethidium bromide staining. Signal intensity was quantified by pixel density analysis in Image) software (version 1.48) and normalized
against housekeeping gene signal intensity. Expression of genes involved in (A) cell cycle regulation, (B) DNA repair, (C) apoptosis, (D)

antioxidation, and (E) epigenetics was tested. (-actin was used as housekeeping gene (

intensity units (black bars). The respective gel bands are shown below.

F). Quantification results are expressed in arbitrary



c

Passage 3 4 6 7 8 10 11

BCL2

BAX

CASP3

CASP8

CASP9

TXN1

PRDX2

PRDX5

SOD1

DNMT1

E

Diana Legzdina, et al: Characterization of Senescence of Culture-expanded Human Adipose-derived Mesenchymal Stem Cells

CS-1 CS-2

3 4 5 7 9

CS-3
3 4 5 7 8 9

CS-6

CS-8

1113 3 4 5 6 8 3 4 6 7 9 1012 14

Illlj!

LS ELEL R L EE

LLLLLLES

UL LU R T

(TP

LLLLLENULNU L LU

!!!|||IM

LLETTER

II|...ﬁJ

ALLLLLL L LY

LLLRTELY

LAY

LLLLECE

ULLLLLELRARR AR R AR AARR]

!II!!!!!

LLLLLLLR A

ARLLUULY

ALLLLLY

Ll

LLLLLLI

AU

LU LT L N AL
eULLCUUUUUULUE OO D LUUULLLY

RLLLLEVELER |

Fig. S4. Continued.

LLLLPPEEY PR R LEEELEE



Journal of Stem Cells
Volume 9, Number 3

ISSN: 1556-8539
© 2014 Nova Science Publishers, Inc.

Characterization of Human Adipose-Derived Stem Cells
Cultured in Autologous Serum after Subsequent Passaging
and Long Term Cryopreservation

Ance Bogdanoval#*, Uldis Berzinsl#,
Sergey Nikulshin?, Dace Skrastina’,
Agnese Ezerta', Diana Legzdina', and
Tatjana Kozlovska'

'Latvian Biomedical Research and Study Centre,
Ratsupites Street 1, Riga, LV-1067, Latvia

University Children's Hospital, Clinical Laboratory,
Vienibas Gatve 45, Riga, LV-1004, Latvia

* These authors contributed equally to this work

* Corresponding author: Ance Bogdanova, Latvian Biomedical
Research and Study Centre, Ratsupites Street 1, Riga,
LV-1067, Latvia. E-mail address:
ance.bogdanova@biomed.lu.lv

Abstract

The aim of this study was to evaluate human adipose-
derived stem cells (ASCs) from passage 2 (P2) to PS8
cultured in medium containing 5% autologous serum (AS)
after a long-term cryopreservation with regards to their
surface marker expression, differentiation potential, and
immunosuppressive effect in vitro. 8-color flow cytometry
and real time PCR were used to determine mesenchymal
stem cell (MSC) surface marker expression on ASCs from
various passages. In vitro differentiation ability and
immunomodulatory properties of ASCs were also tested.
Flow cytometry showed that all ASCs express typical
MSC markers CD29, CD44, CD73, CD90, CDI105
simultaneously, but do not express such markers as HLA-
DR, CD34, CD14, CD19, and CD45. Furthermore, median
fluorescence intensity of positive cell surface markers
increased with each subsequent passage indicating the
accumulation of protein expression. The multilineage
differentiation demonstrated the ability of ASCs from P6 to
efficiently differentiate into adipocytes and chondrocytes,
but their potential of osteogenic differentiation was
diminished. Data from co-culture of ASCs and autologous
peripheral blood mononuclear cells (PBMNCs) indicated
that ASCs from P3, P6, and P9 significantly reduce the
proliferation of PBMNCs at ASCs:PBMNCs ratio 1:1 and
this suppression is dose dependent. This study
demonstrated that ASCs from P2 to P8, cultured in the
presence of AS, represent a highly homogeneous cell
population with a peak accumulation of MSC surface
proteins at P5 possessing multilineage differentiation ability
and significant immunosuppressive properties after double
freezing and more than 4 years of cryopreservation.

Keywords: autologous serum, human adipose-derived stem
cells, multi-color flow cytometry, multilineage
differentiation, stem cell immunosuppression, stem cell
phenotype
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Introduction

Since P. Zuk and her colleagues showed that
mesenchymal stem cells (MSCs) can be readily
obtained from adipose tissue [1], the potential use of
adipose-derived stem cells (ASCs) has experienced a
great increase of scientific interest. It has been shown
that ASCs bear high proliferative capacity and can
undergo multilineage in vitro differentiation into
osteocytes, chondrocytes, adipocytes [1,2], smooth
muscle cells [3], skeletal muscle cells [4,5],
cardiomyocytes [6], neurons [7], endothelial cells [8],
hepatocytes [9], and pancreatic cells [10]. Like bone
marrow (BM) MSCs, ASCs are spindle-shaped cells
with fibroblastoid morphology [1] and normal
karyotype that can be easily propagated in vitro and
their multi-lineage potential is not altered by
freezing/thawing procedure [11]. But in contrast to
BM MSCs, ASCs are easier to obtain, display lower
donor site morbidity [12] and one milliliter of fat
tissue holds 500-fold greater amount of stem cells
than the same amount of BM [13].

As the search for the unique MSC marker is still
ongoing, a combination of positive and negative
markers must be verified to identify MSCs. One of
the minimal criteria, set for the identification of
MSCs, is the expression of such surface markers as
CD105, CD73, CD90 and the lack of expression of
CD45, CD34, CDI14, CD19, HLA-DR surface
molecules [14]. To define ASCs, this list has been
extended with CD9, CD10, CD13, CD29, CD44,
CD54, CD55, CD59, CD106, CD146, CD166, HLA 1
as positive and CD31, CD80, CDI117, CDI133,
CD144, c-kit, STRO-1 as negative markers [15]. The
availability of elaborate technologies supporting
multi-color flow cytometry analysis has allowed
scientists to define multiple cellular markers
simultaneously, providing immense amount of novel
information meanwhile reducing the time spent on
data collection [16]. This technological approach can
serve as an excellent tool for identification and
characterization of MSCs.

Clinical interest has been furthered by the
observation that MSC  populations display
immunomodulatory capacities and their inhibitory
effect on T cell proliferation has been studied
extensively [17-20]. Although little is known about
the molecular mechanisms underlying this

phenomena, there is evidence of various factors such
as transforming growth factor-p and hepatocyte
growth factor [18], prostaglandin E2 [21,22],
indoleamine 2,3-deoxygenase [23], heme oxygenase-
1 [24], nitric oxide [25], interleukins- 6 and 10,
human  leukocyte  antigen-G5 and  matrix
metalloproteinases [for reviews, see 26,27] produced
by MSCs that could mediate the suppression of T cell
proliferation. It has been shown that MSCs can also
inhibit the proliferation of T cells by blocking cyclin
D2 expression and up-regulating p27Kip1 expression
thus arresting cells in the G1 phase of the cell cycle
[28]. Other approaches that may be responsible for the
ability of MSCs to modulate immune response is
induction of CD8+ regulatory T cells [29] or
regulatory antigen-presenting cells [30], as well as
interference with dendritic cells [21] and inhibition of
the formation of cytotoxic T cells [31]. In addition,
human MSCs can also inhibit proliferation,
differentiation, and chemotaxis of B cells [32]. This
immunosuppressive ability of MSCs may have a
significant therapeutic potential in the setting of
allogeneic transplantation and prevention or treatment
of graft-versus-host-disease.

However, to ensure the safety of MSCs intended
for the clinical use, all possible threats must be
eliminated. The greatest concerns arise about fetal
bovine serum (FBS) that is used to supplement most
of the cell culture media. The dangers of prion
diseases and zoonoses from the FBS are considered to
be minimal [33], but it has been shown that 10* MSCs
grown in the medium supplemented with 20% FBS
would carry 7-30 mg of FBS proteins leading to the
possible autoimmune reaction against patient's own
stem cells [34]. To avoid this risk, the FBS can be
substituted with an autologous serum (AS). We have
previously shown that ASCs can be effectively
cultured and expanded in the presence of AS without
the loss of characteristics of MSCs and their
differentiation potential [35] and the same applies to
BM MSCs [36,37].

This study aimed to test various passages of
ASCs, cultured in the medium containing AS, with
respect to MSC surface markers, analyzed using 8-
color flow cytometry and quantitative real-time PCR,
their differentiation potential and immunosuppressive
effect in vitro.



Characterization of Human Adipose-Derived Stem Cells Cultured in Autologous Serum ... 137

Materials and methods
Source of Human Adipose Tissue

Human adipose tissue from abdominal cavity,
derived during planned operation, and blood were
collected after consent was obtained from the donor
(40 years old man, healthy, body mass index — 26.3)
in accordance to the permit No.12 by the Latvian
Central Medical Ethics Committee. Blood and tissue
samples were processed within 3 hours after
collection.

Preparation of Autologous Serum

Collected blood was allowed to clot for 1 hour at
room temperature (RT). The serum was collected,
centrifuged at 2000 rpm for 30 min, filtered through
0.2 pm mesh, aliquoted, and stored at -20°C.

Isolation and Expansion of ASCs

5 ml of adipose tissue were scissored and treated
with 0.3% pronase (EMD Millipore, Billerica,
Massachusetts, USA) for 1 h at RT with gentle
rotation followed by centrifugation for 7 min at 1000
rpm. The pellet was suspended, filtered through 40
um mesh and centrifuged again for 5 min.
Erythrocytes were lysed for 3 min at +37°C using
erythrocyte lysis buffer Hybri-Max (Sigma-Aldrich,
Steinheim, Germany). Obtained cell pellet was
suspended in a fresh cell culture medium (DMEM/F-
12 (Life Technologies, Paisley, UK) containing 10%
autologous serum, 2 mM L-glutamine (Life
Technologies, Paisley, UK), 20 ng/ml basic fibroblast
growth factor (BD, Franklin Lakes, New Jersey,
USA), 100 U/ml : 100 pg/ml penicillin - streptomycin
(Life Technologies, Paisley, UK)) and seeded onto a
75 cm’ tissue culture flask (regarded as passage 0
(P0)). Cells were cultured at +37°C, 5% CO.,.

Non adherent cells were removed on the next day
by extensive washing with phosphate-buffered saline
(PBS) (Life Technologies, Paisley, UK). The
remaining cells were cultivated in the medium
supplemented with 10% AS for first 10 days and 5%
AS afterwards. After the second passage, cells were

frozen in DMEM/F12 supplemented with 10%
dimethyl sulfoxide (Sigma-Aldrich, Steinheim,
Germany) and 20% AS and stored in a liquid
nitrogen. After thawing ASCs were cultivated as
previously through P3 to P8, freezing a fraction of
cells before the each subsequent passage. After more
than 4 years ASCs from passages 2 to 8 were thawed
and used for the following characterization.

Multi-Color Flow Cytometry

Flow cytometry was performed on ASCs P2, P3,
P4, P5, and P8. After more than 4 years of
cryopreservation, ASCs of each passage were rapidly
thawed, resuspended in 2 ml of PBS, centrifuged for 5
min at 600 x g and used for immunostaining.
Fluorochrome-labeled anti-human monoclonal
antibodies to HLA-DR-V450, CD14/CD19/CD45
cocktail-V500, CD29-PerCP-Cy5.5, CD44-APC-H7
(BD, Franklin Lakes, New Jersey, USA) and CD34-
FITC, CDI105-PE, CD73-PE-Cy7, CD90-APC
(eBioscience, San Diego, California, USA) were used
for 8-color flow cytometric analysis. Corresponding
isotype controls for gate setting were included in
every experiment. In addition, cell viability in every
sample was tested using Sytol6 fluorescent nucleic
acid stain (Life Technologies, Paisley, UK) at FITC
channel. Cells were stained as recommended by the
manufacturers, washed with PBS, and analysed by 3-
laser BD FACSCanto II flow cytometer (BD, Franklin
Lakes, New Jersey, USA) using FACSDiva v6.1.3

software. Obtained results were analysed and
presented using Infinicyt v1.5.0 (Cytognos,
Salamanca, Spain) software.

Flow cytometric cell cycle analysis was

performed using the FacsCanto II PE channel, PI-
based BD Cycletest Plus kit (BD, Franklin Lakes,
New Jersey, USA) and ModFit LT v3.3 software (BD,
Franklin Lakes, New Jersey, USA).

In Vitro Differentiation

After the fifth passage ASCs were differentiated
into adipocytes, osteoblasts, and chondroblasts
(regarded as P6). To induce differentiation, ASCs
were cultured in the appropriate induction medium at
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+370C, 5% CO,. Non-induced cells were maintained
in a control medium. Medium was changed every
third day. Three replicates for each differentiation
were tested.

For adipogenic differentiation, ASCs were
cultured in DMEM (high glucose) (Life Technologies,
Paisley, UK) supplemented with 10% FBS (Life
Technologies, Paisley, UK), 2 mM L-glutamine, 10
pug/ml human insulin (Life Technologies, Paisley,
UK), 1 uM dexamethasone (Sigma-Aldrich,
Steinheim, Germany), 100 uM indomethacin (Sigma-
Aldrich, Steinheim, Germany), 0.5 mM isobutyl-
methylxanthine (Sigma-Aldrich, Steinheim,
Germany), and 5 pg/ml gentamicin  (Life
Technologies, Paisley, UK). DMEM (high glucose)
supplemented with 10% FBS, 2 mM L-glutamine, and
5 pg/ml gentamicin was used as a control medium.
Differentiation was confirmed on day 16 by Oil Red
O (Sigma-Aldrich, Steinheim, Germany) staining as
previously described [35].

To promote osteogenic differentiation, ASCs
were treated with DMEM (low glucose, without L-
glutamine and phenol red) (Life Technologies,
Paisley, UK) supplemented with 10% FBS, 2 mM L-

glutamine, 10 mM glycerol-2-phosphate (Sigma-
Aldrich,  Steinheim, = Germany), 0.1 uM
dexamethasone (Sigma-Aldrich, Steinheim,

Germany), 50 uM L-ascorbic acid (Sigma-Aldrich,
Steinheim, Germany), and 5 pg/ml gentamicin.
Control medium consisting of DMEM (low glucose),
10% FBS, 2 mM L-glutamine, and 5 pg/ml
gentamicin was used for non-induced cells in
osteogenic, as well as chondrogenic differentiation.
Osteogenesis was demonstrated on day 28 using
Alizarin Red S (Sigma-Aldrich, Steinheim, Germany)
staining as previously described [35].

For chondrogenic differentiation, 10 ul of ASCs
suspension (concentration 8x10° cells/ml) were
allowed to attach to a plastic plate for 30 min at
+370C, 5% CO,. Then control medium or
chondrogenic differentiation medium consisting of
DMEM (low glucose, without L-glutamine, and
phenol red) supplemented with 10% FBS, 2 mM L-
glutamine, 1x insulin-transferrin-selenium-plus (BD,
Franklin Lakes, New Jersey, USA), 50 uM L-ascorbic
acid, 40pg/ml L-proline (Sigma-Aldrich, Steinheim,
Germany), 0.1 puM dexamethasone, 10 ng/ml
recombinant human transforming growth factor B3

(Life Technologies, Paisley, UK), and 5 pg/ml
gentamicin was added. After 29 days of chondrogenic
differentiation, formed cell aggregates were
embedded in paraffin, sectioned, and stained with 1%
Alcian Blue (Sigma-Aldrich, Steinheim, Germany) in
0.1 N HCI (pH~1) for 30 min followed by washing
with 0.1 N HCL

Total RNA extraction

RNA was extracted from different passages of
ASCs immediately after thawing using TRI Reagent
(Sigma-Aldrich, Steinheim, Germany) according to
the manufacturer's instructions. Quantity and quality
of the samples were assessed by measuring the
concentration of total RNA and A260/A280 ratio
using NanoDrop® ND-1000 spectrophotometer
(Thermo Scientific, Wilmington, Delaware, USA).

DNase I treatment and cDNA synthesis

1 pg of total RNA was treated with 1 U RNase-
free DNase I (Thermo Scientific, Vilnius, Lithuania)
for 30 min at +37°C to remove traces of genomic
DNA. After the measurement of concentration of
DNase-treated sample with NanoDrop® ND-1000
spectrophotometer, 500 ng of RNA were reverse
transcribed into cDNA with oligo(dT);s primers using
RevertAid first strand cDNA synthesis kit (Thermo
Scientific, Vilnius, Lithuania) in a total volume of 20
pl according to the manufacturer's instructions. Minus
reverse transcriptase (RT) sample was also prepared
in the same manner by omitting RT from the reaction.

Quantitative Real-Time RT-PCR

Real-time PCR was carried out using
MiniOpticon Real-time PCR System (Bio-Rad,
Hercules, California, USA). Each reaction was run in
triplicate and contained 1 pl of 9-fold diluted cDNA
template, primer pairs (synthesized at Metabion,
Martinsried, Germany) as listed in Table 1 at a final
concentration of 400 nM, 12.5 ul 2x ABsolute Blue
QPCR SYBR Green Low ROX Mix (Thermo
Scientific, Vilnius, Lithuania) and nuclease-free water
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(Thermo Scientific, Vilnius, Lithuania) to 25 ul. PCR
cycling conditions included a 95°C heating step for 15
min to activate DNA polymerase, then 40 cycles of
95°C for 30 s, 60°C (CD90 - 58°C) for 30 s and 72°C
for 30 s. A melting curve was generated at the end of
every run to ensure the amplification of a single
product. Minus RT controls as well as non-template

control were run each time to inspect for possible
contamination. PCR efficiencies of each primer pair
were obtained from standard curves using 3-fold
dilution series of cDNA sample. PCR efficiencies of
all primer pairs used in the experiment were in a
range from 93% to 99%. For the analysis of relative
gene expression 2T method was used.

Table 1. Nucleotide sequences of primers used for real time PCR

Gene Primer sequence (5' — 3")
Fw: GAGCTACGAGCTGCCTGAC
B-Actin
Rw: GGATGCCACAGGACTCCATG
D29 Fw: GAGAAGGATGTTGACGACTGTT
D
Rw: CAGTGGGACACTCTGGATTCT
D44 Fw: CCTCTGCAAGGCTTTCAATA
D
Rw: CTTCTATGAACCCATACCTGC
Fw: CAGCATTCCTGAAGATCCAAG
CD73
Rw: GATTGAGAGGAGCCATCCAG
D90 Fw: GTCCTCTACTTATCCGCCTTC
D
Rw: GACCAGTTTGTCTCTGAGCAC
Fw: CTCAAGACCAGGAAGTCCATA
CD105

Rw: GATGAGGAAGGCACCAAAG

Co-culture of ASCs and autologous PBMNCs

Autologous peripheral blood mononuclear cells
(PBMNCs) were obtained from freshly isolated
peripheral blood samples by Ficoll-Paque Premium
(GE Healthcare, Uppsala, Sweden) density gradient.
5x10* PBMNCs were cultured in RPMI-1640 (Life
Technologies, Paisley, UK) supplemented with 10%
AS, 2 mM L-glutamine and 100 U/ml : 100 pg/ml
penicillin - streptomycin in the presence of ASCs (P3,
P6, P9) at different ratios (ASCs:PBMNCs -
5x10%:5x10* (1:1), 5x10*:5x10* (1:10), 2.5x10*:5x10"
(1:20), 5x10%:5x10* (1:100)) and
phytohaemagglutinin ~ (Sigma-Aldrich, Steinheim,
Germany) at a final concentration 4 pg/ml for 96 h at
+37°C, 5% CO,. 1 pCi of [3H]-deoxythymidine (GE
Healthcare, Little Chalfont, UK) was added to each
well for the last 18 h. Analysis of radioactive
thymidine incorporation was done using liquid

scintilation beta counter (Beckman Coulter, Brea,
California, USA).

ELISA

Cell culture supernatants either from co-culture of
ASCs and autologous PBMNCs or each cell type
alone were collected after 48 hours and tested for the
presence of TNF and IL10 by ELISA (BD OptEIA,
BD, Franklin Lakes, New Jersey, USA) according to
the manufacturer's instructions.

Statistical Analysis
Data from real-time PCR and co-culture of ASCs

and autologous PBMNCs experiments were presented
as mean * standard deviation (SD) from triplicates.
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The statistical analysis was assessed by unpaired
Student's t-test and p < 0.05 was considered
statistically significant.

Results
Morphology of ASCs

Two days after isolation plastic-adherent cells
were observed. Approximately half of the obtained
cells were spindle-shaped with fibroblast-like
morphology, characteristic to MSCs [1], but the rest
of the cells were rounded (Figure 1A). Few cell
clusters with endothelial appearance, similar to those

reported after MSC isolation from umbilical cord
[38], were also observed, but after the first passage
only cells with MSC phenotype remained. The first
ten days ASCs were grown in a medium
supplemented with 10% AS but afterwards it was
reduced to 5%. After the second passage, cells were
frozen and stored in a liquid nitrogen for two months.
After thawing, ASCs were seeded onto tissue cultured
flasks (regarded as P3) and cultured as previously
(Figure 1B). When cells reached 80% confluence,
they were trypsinized and subcultured, freezing a part
of cells in parallel. During the passaging, cells
preserved their fibroblast-like morphology till

inspected eighth passage (Figure 1C, D).

Figure 1. Morphology of ASCs. (A) ASCs on the second day after isolation. (B) ASCs at passage 3. (C) ASCs at passage 6.

(D) ASCs at passage 8. Scale bar 100 um.

Characterization of ASC Surface Markers

Flow cytometric analysis was performed on
ASCs cryopreserved after passages 2, 3, 4, 5, 8 and
stored for more than 4 years. Cell viability test (Syto
16 staining), which was carried out for each thawed
vial, showed that concentration of live cells in all
samples was at least 95% (Figure 2). 8-color flow
cytometry was used to test 10 different cell surface
markers simultaneously on each cell. Obtained results
showed that all the cells were positive for MSC
markers CD29, CD44, CD73, CD90, CD105 and
negative for such markers as HLA-DR, CD34 and a
cocktail of CD14/CD19/CD45. While comparing
mean fluorescence intensity of individual markers
through different passages tested, an increase of
marker fluorescence intensity in each subsequent
passage was observed, except for a sharp decline in
CD44 expression at P5 (Figure 3). Since the ASC
population remained phenotypically homogeneous,
expressing CD29, CD44, CD73, CD90, and CD105

throughout all passages tested, the increase in
fluorescence intensity may indicate the accumulation
of protein expression with subsequent passaging.
When fluorescence intensity was compared between
markers, it can be seen that CD90 was the most
abundant marker on the surface of ASCs followed by
CD29 and CD73, but CD105 showed the lowest level
of expression throughout all passages. Collected data
suggest that the peak of protein expression for CD73
and CD44 markers can be observed at P5 and P4
respectively, but in case of CD29, CD90 and CD105
the increase until P8 can be detected.

To complement the flow cytometry data, the
expression of positive MSC surface marker genes was
analysed with real-time PCR (Figure 4). Obtained
results show that the expression of CD29, CD44,
CD?73, and CD90 genes increased until P4 or P5 and
reduced afterwards, but the highest level of CD105
gene expression was detected at P2 followed by
decline in subsequent passages.
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S$SC-A
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Figure 2. Syto 16 viability stain of ASCs at passage 5 after more than 4 years of cryopreservation. 97% live Syto16 positive
cells (grey cluster) are discriminated from Syto16 negative necrotic and apoptotic cells (black dots). Flow cytometry, green
fluorescence versus side scatter plot, data analysed by Infinicyt (v1.5.0).
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Figure 3. Fluorescence intensity analysis of cell surface marker expression on ASCs of different passages. Results are shown
as box plots with median value (line), 25" and 75™ percentiles as box and 10" and 90™ percentiles as whiskers. Data analysis
by Infinicyt software (v1.5.0). Asterisks at passage with the highest fluorescence intensity indicate statistically significant
increase when compared to P2. *** p < (0.001. IC — isotype control; P — passage; a.u. - arbitrary units.

Additional cell cycle analysis demonstrated that S
and G2/M phases comprise a total of approximately
2.8% at P2 and P3, 3.4% at P4 and P5, and 6.6% at P8
(Table 2), showing an increasing cellular activity with
following passages. The coefficient of variation of the
GI1 peak was lower than 4% in every ASC passage
tested favouring the quality of cell cycle data.
Collectively these results indicate high cell viability
after long term cryopreservation and homogeneity of
isolated ASCs culture with intensifying positive ASC
surface protein expression and cell proliferation in
each subsequent passage.

Multilineage differentiation of ASCs

Multilineage differentiation of ASCs cultured in
the medium supplemented with AS from P3 has been
shown previously [35]. To test whether these cells
maintain potential of differentiation in later passages,
ASCs from P6 were differentiated into adipocytes,
osteocytes, and chondrocytes using the same lineage
specific induction factors as before. Adipogenic
differentiation and intracellular lipid accumulation
was confirmed after 16 days by Oil Red O staining
(Figure 5A, D). Osteogenic and chondrogenic
induction of ASCs was assessed after 28 days by
Alizarin Red S (Figure 5B, E) and Alcian Blue
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(Figure 5C, F) staining respectively. Obtained results  formation of calcified extracellular matrix that would
showed that ASCs from P6 can be effectively  confirm osteogenic differentiation is very poor.
differentiated into adipocytes and chondrocytes, but
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Figure 4. Comparison of relative expression level of positive MSC surface marker genes CD29, CD44, CD73, CD90, and
CD105 in ASCs of different passages by real-time PCR (data normalized to B-Actin). Data represent the mean + SD of
triplicates. An asterisk at passage with the highest expression indicates statistically significant increase when compared to
P2; *p <0.05, **p < 0.01. P — passage.

Differentiation

Control

Figure 5. ASCs from P6 differentiated towards adipogenic, osteogenic, and chondrogenic lineages. (A, D) Oil Red O
staining of differentiated and control cells. (B, E) Alizarin Red S staining of differentiated and control cells. (C, F) Alcian
Blue staining of differentiated and control cells. Scale bar 100 pm.
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Table 2. Percentage of ASCs of different passages in S and G2/M phases determined by propidium iodide staining

Passage S phase % G2/M phase % Total %
P2 0.58 22 2.78
P3 1.04 1.83 2.87
P4 0.39 3.0 3.39
P5 0.83 2.6 343
P8 2.49 4.13 6.62
P — passage.
A
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Figure 6. Co-culture of ASCs and autologous PBMNCs. (A) Negative and positive controls. (B) The suppressive effect of
ASC:s of different passages on the proliferation of PHA-stimulated PBMNC:s in vitro. The results are expressed as counts per
minute (cpm). Data represent the mean + SD of triplicate wells. An asterisk indicates statistically significant difference when
compared to the PHA-stimulated PBMNCs; *p < 0.05, **p < 0.01. P — passage; PHA — phytohemagglutinin.

Immunosuppressive Properties of ASCs

The effect of ASCs from P3, P6, and P9 on
autologous PBMNC proliferation was evaluated by
co-culture of ASCs and phytohemagglutinin (PHA)
stimulated PBMNC:s in various proportions. PBMNCs
subjected to PHA stimulation was used as a positive
control and PBMNCs alone as a negative control.
Notable ASCs ability to induce proliferation of
PBMNCs was not found and PHA stimulation did not
have a proliferative effect on ASCs (Figure 6A).
When co-culturing ASCs and PHA-stimulated
autologous  PBMNCs, a dose  dependent
immunosuppressive effect of ASCs of all three
passages were observed, with a peak at

ASCs:PBMNCs ratio 1:1 (Figure 6B). Significant
reduction in PBMNC proliferation was also detected
at ASCs:PBMNC:s ratio 1:10 with ASCs from P3. If
the proportion of ASCs:PBMNCs exceeded 1:10, the
PHA activated PBMNC proliferation was not
affected.

In addition, cell culture supernatants either from
co-culture of ASCs and autologous PBMNC:s at ratio
1:1 or each cell type alone were collected after 48
hours and tested for the presence of TNF-o and IL-10
by ELISA (data not shown). Obtained results showed
significant decline of TNF-a level in a co-culture with
ASCs from P6 and P9, when compared to stimulated
PBMNCs. When ASCs from P3 were tested, only
slight decrease in cytokine production was observed.
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No considerable changes for IL-10 level in the co-
culture were discovered in any of three passages
tested.

Discussion

In a past decade a lot of studies have been
devoted to extensively characterizing ASCs according
to their phenotypical and functional characteristics
starting from cells in stromal vascular fraction (SVF)
through late passages [39-46]. Comprehensive
analysis of cultured ASCs phenotype has been
published recently [47] and properties of new
scientific tools such as multi-color flow cytometry
have been embraced to characterize different
populations of MSCs [42,47-49]. Since ASCs hold
several suitable characteristics for therapeutic use,
including differentiation potential and immune-
modulatory capacities, their safety must be assured
before clinical applications. Hence increasing
popularity of possible stem cell therapies has led
researchers and manufacturers to develop cell culture
media devoid of animal components that could cause
the possible autoimmune reaction against patient's
own stem cells. In our studies for the expansion of
autologous stem cells with a potential therapeutic
value we use autologous serum instead of FBS for cell
culture media as this approach does not influence the
characteristics of ASCs [35]. It has been shown that
MSCs of various origin proliferate faster [37,50-52]
and maintain higher unmethylated state in a long-term
culture [53] when cultured in a medium containing
AS, but not FBS. In the current study, different
passages of ASCs, cultured in the presence of AS,
was used to test their surface marker expression,
ability to differentiate into adipocytes, osteocytes,
chondrocytes, and immunosuppressive properties in
vitro.

In our study we have tested ASCs starting from
P2. We have chosen this passage because from the 5
ml of fat tissue as an initial material we can harvest
around 10 cells at the end of P2 that are frozen for a
long term storage until the clinical necessity for the
patient arises. Fraction of the cryopreserved cells can
be thawed, propagated and used for various assays
based on patient's needs at any moment. Here we used
5% AS for a growth medium because it is sufficient

for effective proliferation of ASCs and more less
disruptive to the patient, since the amount of blood
needed for the acquirement of AS is lower than it
would be if the 10% AS would be applied. We have
determined that 5 ml of fat tissue yield approximately
10° ASCs at the end of P5 at these culture conditions.
It is sufficient for 3-4 repeated injections of ASCs for
a 90-100 kg patient using therapeutic dose of 3x10°
cells per kg of body weight.

When clinical need for the patient emerges, ASCs
from P2 are thawed, expanded till P5 and frozen
again. It is important because a) cellular properties
must be tested again before injection at the given time
point; b) the ability of patient to receive the therapy
may not coincide with the time of readiness of ASCs;
¢) the planned time of injection may be delayed; d)
preparation of ASC material can be performed
remotely from a medical institution. Therefore, in this
study we used flow cytometry analysis to determine
the changes in cell surface marker expression at
different passages of ASCs after more than 4 years of
cryopreservation and double freezing immediately
after thawing as it would be just before stem cell
injection therapy.

8-color flow cytometry analysis allowed us to
detect 10 cell surface markers simultaneously on each
cell. We showed that all ASCs, cultured in the
medium containing AS, express typical MSC markers
CD29, CD44, CD73, CD90, and CD105 concurrently
irrespective of passage, demonstrating a very
homogeneous cell population as of P2. However
median fluorescence intensity of positive cell surface
markers increased with each subsequent passage.
Negative markers such as HLA-DR, CD34, CD14,
CD19, and CD45 were not detected. Other reports
have demonstrated the incrementation of expression
pattern of positive MSC surface markers with
passages [41, 43, 45], while others have not detected
the difference from P3 to P12 [46]. The greatest
disagreements exist over the expression of CD34 in
ASCs. Few studies failed to detect CD34 [4,44], but
others reported high levels of CD34 expression
[39,54]. It has been recently shown that cells in the
SVF and early passages of ASCs express CD34, but
the level of expression diminishes with further cell
culturing [41-43], although contrary data have also
been published showing not only increase of CD34 in
later  passages, but also accumulation of
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haematopoietic marker CD45 in ASCs [45]. As
possible reasons to these discrepancies researchers
suggest factors secreted by adjacent cells in the early
passages [55], different cell culture conditions, donor-
specific variability, choice in antibody labeling [47],
and individual gating strategies used for flow
cytometry [42]. Since we have not tested the
expression of the above mentioned surface markers at
PO or P1, we cannot speculate of whether ASCs,
cultured in the presence of AS, express CD34 or
CD45 at very early passages. But starting from P2, the
cultured cells were homogenously CD29, CD44,
CD73, CD90, and CD105 positive.

ASC ability to differentiate into other cell types
of mesodermal origin is a keystone of verifying their
identity. Our results show capacity of ASCs to
efficiently  differentiate into  adipogenic and
chondrogenic lineages not only at P3, as we have
determined previously [35], but also at P6. However
ASCs differentiation into osteocytes was weak at P3
and obtained data suggest that it may have decreased
even more at P6. Comparison of the differentiation
samples from P3 and P6 was done by visual
assessment, and the aim of in vitro differentiation was
to evaluate the potency of ASCs from various
passages to differentiate into other cell types of
mesodermal origin as such not to directly compare the
extent of each differentiation between P3 and P6. In
the case of osteogenic differentiation the weak
formation of calcified extracellular matrix was
observed in all triplicates at P3, but Alizarin Red S
staining was detected only in one triplicate at P6. As
this most likely represents a characteristic of the ASC
donor, since the same protocol of differentiation has
yielded reliable results with ASCs from different
donors (unpublished observations, A.Bogdanova), it
is impossible to state that the ability of ASCs,
cultured in AS, to differentiate into osteogenic lineage
diminishes in later passages. Others show that
differential capacity of ASCs, when cultured in the
standard media, is preserved through 10 to 13
passages [56,57], but decreases at P25 [44].

To determine the inhibitory effect of ASCs on T
cell proliferation, we used ASCs from P3, P6 and P9
as a representation for cryopreserved ASCs from P2,
P5 and P8 after thawing and seeding. Data from co-
culture of ASCs and autologous PBMNCs showed
that ASCs, when grown in the medium supplemented

with AS, suppress the proliferation of PBMNCs in a
dose dependent manner likewise ASCs cultured in a
standard medium with FBS [22,58]. Our results
demonstrated that ASCs from P3, P6 and P9 show
significant reduction in PBMNC proliferation at
ASCs: PBMNCs ratio 1:1, but only ASCs from P3
suppress proliferation of PBMNCs at ASCs:PBMNCs
ratio 1:10, suggesting that ASCs from early passages
may exhibit more pronounced immunosuppressive
effect than those of later passages. The
immunosuppressive properties of different MSC
populations in prolonged culture have not been widely
studied. Only few studies have been published
regarding this subject, showing that
immunosuppressive effect of ASCs does not differ
between P2 and P5 [22] and BM MSCs do not lose
immunosuppressive activity through 6 or 7 passages
[59], but it decreases after P7 in comparison to earlier
passages [60].

It has been shown that the time of ASC culturing
can affect their immunophenotypic [45], differential
[44], and proteome profile [61] as well as mechanical
properties [62]. However clinical applications require
extensive expansion of cells to meet the sufficient
amount of cells for a patient.

The data presented here demonstrated that ASCs,
cultured in the medium supplemented with 5% AS,
can be effectively propagated through 8 passages
without the loss of fibroblast-like morphology, MSC
surface marker expression, differentiation and
immunomodulatory potential even after double
freezing and more than 4 years of cryopreservation.
Our results suggest that ASCs from P5, when cultured
in such conditions, represent a highly homogeneous
cell population with a peak accumulation of MSC
surface protein expression bearing multilineage
differentiation ability and significant
immunosuppressive properties that can be used for
therapeutic purposes.
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