Cucremarnueckass onTMmusaums NapameTpos Mnpu pa3padoTke MPOTOKOAOB
KPUOKOHCEPBUPOBaHUSA CYCI'IeH3MrI ME3E€HXUMAABbHbIX CTBOAOBBLIX KAETOK
A. NMoroxux'2, H. XoomaHH!, T. MIOAAEP?, B. TAACMAXEP'

'TaHHOBepckMii YHuBepcuteT um. AefibHuua, MIHCTUTYT MyAbTH(basHbix rpoueccos, [aHHOBEP
HHcTuTyT npobaem Kpuobuororum u kpuomesnumHsl HAH YkpauHbi, Xapbkos
*Meanunrckas lllkora FanHosepa, MHcTutyT TpaHcgysmoHHoi MeanumHbl, FaHHOBeEp

Development of Optimal Cryopreservation Protocol for Suspensions
of Mesenchymal Stem Cells with Application of Systematic Parameter Optimization
D. PocozHykH'2, N. HOFMANN', T. MUELLER?, B. GLASMACHER'
'Leibniz Universitaet Hannover, Institute for Multiphase Processes, Hannover, Germany
2Institute for Problems of Cryobiology and Cryomedicine
of the National Academy of Sciences of Ukraine, Kharkov, Ukraine
*Hannover Medical School, Institute for Transfusion Medicine, Hannover, Germany

Ha ceronusmuuil 1eHb KPUOKOHCEPBUPOBAHUE SBIISIETCS
€IMHCTBEHHBIM JIOCTYITHBIM CIOCOOOM JOJITOCPOYHOI0 XPaHEHHS
ononornuecknx 00beKToB. CyIIeCTBYET psii OCOOCHHOCTEH, CBSI-
3aHHBIX ¢ (h)a30BBIM MIEPEXOJIOM BOJIBI B Jiea U Hao0opoT. KieTku
pPa3IUYHBIX THUIIOB [O-pAa3HOMY pearupyroT Ha BO3JciiCTBHE
HU3KHX TEMIIEPaTyp, YTO IPUBOJHUT K HEOOXOJUMOCTH TOUHOTO H
TIIATENILHOTO M0A00pa MPOTOKOJIOB 3aMOPAKUBAHMS TS KQXK/IOTO
Tuna. Vi3ydeHue CTBOJIOBBIX KJIETOK — OJJHO M3 Hauboiee mnepc-
MIeKTUBHBIX HAIPaBJICHNUIT B 00J1acTH OMOJIOTUH U pereHepaTHBHON
MEIUIMHEL YCHEHIHOe KPHOKOHCEPBUPOBAHKE CYCIIEH3HI CTBOJIO-
BBIX KJICTOK O3BOJIUT IIOBBICHTH 9 ()EKTUBHOCTD X IPUMEHEHUSL.

Jlns ycrenHoro KpuoKOHCEPBHPOBAHUS KIICTOYHBIX CyCIICH-
3Mi, TTO3BOJISIFOLIET0 00ECTIEUUTh BHICOKYIO BEDKHBAEMOCTD KJle-
TOK, & TAK)Ke MTOTEHIHAJ K PEKYJIbTUBALINH, HEOOXOMMO ONTUMH3H-
POBaTh apaMeTPHI OXJIAXKICHHS ¥ OTTauBaHKs. Me3eHXMalIbHBIE
crBosioBble KieTkn (MCK) o6e3bsia-urpynok (Callithrix jacchus)
UCIIOJIb30BAJIM B KAueCTBE KIETOUYHOW MOJENH Ul MOJ00PKH
ONTHMAJBHBIX MAapaMeTPOB 3aMOPAKUBAHUSA, MOAUDUIUDPYS
CKOPOCTH OXJIAKICHHUS U KOHIIeHTpaLuio kpruonporekropa (KII).
B uccinenoBaHue ObuIH BKIIOYEHBl 48 JABYXCTYNEHUYATHIX
TIPOTOKOJIOB C Pa3HBIMU CKOPOCTAMH OXJakaAeHus (B) B mramasone
ot 1 1o 10 K/mun (B1 B auanasone ot 4 10 —30°C 1 B2 o1 -30 1o
—80°C). Bce nmpoToKoIBl M3ydalu MPU YETHIPEX Pa3IMYHBIX
KOHIIEHTPANUsIX HaHOoJIee 9acTO MPUMEHSIEMOT0 KPHOTIPOTEKTOPa
JAMCO. [Ins cucreMaTH4ecKoro COYeTaHUs 3TUX HapaMeTpoB
ObL1a MPUMEHEHa PAaCTPOBasi CXeMa PABHOMEPHOTO PacIpe/ieIeHHUsL.
JU71st KOHTPOJISI CKOPOCTEH OXJIaXKICHHSI HCTIONIb30BAJIN YCTPOUCTBO
«Micrometer-freezer», paspaboranuslii B UHcTHTYTE MyabTH(DA3-
HeIX mpoieccoB (I'annoBep, I'epmanusi). [Ipubop mo3BossieT
TIPOBOINTE MapaJuIeNIbHOE H3MepeHue B 96 nmpobax mpu 12 pazmmd-
HBIX CKOPOCTSX OXJaXKAeHHs. JIJIsl OLEHKH KU3HECIIOCOOHOCTH
KJIETOK MPUMEHSUIM aBTOMATHYECKUI CUETUYHK CO BCTPOCHHBIM
okpatmBaHueM TrypanBlue®. ITocie oTTanBaHKs BBDKHBILHE KJIC-
TKH TECTUPOBAJIM Ha CITIOCOOHOCTS K mpostudeparun u auddhepeH-
mupoBke. st nonydenus 3pGeKTHBHBIX TapaMeTPOB 3aMOPAKH-
BaHUs OblIa pa3paboTaHa cHCTEMa ONTHMU3AIUH BIIUSIOIINX
(bakTopoB (CKOpPOCTH 3aMopakuBaHus, KoHUeHTpauus KII).
C OMOIIBIO TAKOTO MO/IX0/1a ObLT MOI00paH ONTHMAIBHBIHN IPOTO-
ko uist KprokoHcepsupoBanus MCK. B mpensinymux uccieno-
BaHUSX JAHHBIN MOJXOJ TaK)K€ MCIOJIB30BAIH JUIS YITyUIICHHS
IPOTOKOJIOB KPHOKOHCEPBHUPOBAHMUS JIMHUH KIIETOK JIETOYHOTO
sHpoTenus denoBeka ST1.6R M mMepBUYHBIX KEpaTHHOINTOB
yesoBeKa. J{Jis 9THX KIIETOUHBIX MOJIesIei JOTTOTHUTEBEHO H3YYalIn
XapaKTEePUCTUKH U NEPCICKTUBBI IPUMEHEHUS alIbTePHATHBHBIX
KII (oxtomna u mponuHa). Hamryumme pe3yasraTel ObUIH 10O-
CTUTHYTBI TIPH IIpUMeHeHnn nportokonoB: 5 K/mun (B1) B co-
yeranuu ¢ 7,5 K/mun (B2); 5 K/Mun B couetanuu ¢ 10 K/mun;
7,5 K/mun B coueranuu ¢ 10 K/MuH. OnTUMaibHbIE KOHIICHTPAIIUH
JAMCO coctaBnsnu 7,5 u 10%.
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Cryopreservation is the only available method today for the
long-term storage of biological objects. However, there are many
difficulties and peculiarities connected with the phase transitions
of water into ice and vice versa. Cells of different types respond
to the impact of low temperatures in a different manner, which
requires precise freezing protocols for each type. Today, stem
cell research is one of the most promising areas in biology and
regenerative medicine. Successful cryopreservation of suspensions
of stem cells would allow increasing effectiveness of their appli-
cation. Effective cryopreservation of cellular suspensions requires
optimization of cooling and thawing parameters in order to
guarantee high survival rate and potential for reculturing.

Mesenchymal stem cells (MSCs) of marmoset monkeys
(Callithrix jacchus) were used as a cell model and optimal freezing
parameters were developed by means of controlling freezing rates
and concentration of cryoprotective agent (CPA). The inves-
tigation included 48 protocols with different cooling rates (B) in
the range of 1 K/min to 10 K/min in two-step freezing protocols
(B1 in the range of 4°C to —30°C and B2 from —30°C to —80°C).
All protocols have been studied with four different concentrations
of the most frequently applied CPA, DMSO. An evenly distribu-
ted measuring raster was applied for systematic combination of
these parameters. For controlled freezing rates, we used a micro-
meter-freezer device, developed at the Institute for Multiphase
Processes at LUH (Hannover, Germany). It allows parallel measu-
rement of 96 samples with 12 various cooling rates. For the eval-
uation of the cellular viability an automatic cell counter with
integrated TrypanBlue® staining was applied. After thawing, survi-
ved cells were tested for proliferation and differentiation.

In order to optimize freezing parameters, we have developed
a systematic factor-optimization system. With the application
of such an approach, we have found optimal cryopreservation
protocol for MSCs. In previous investigations this setup was
also used to improve the cryopreservation protocols for human
pulmonary microvascular endothelial cells-ST1.6R and primary
human keratinocytes. For these cellular models, application pers-
pectives and characteristics of alternative CPAs (ectoine and
proline) were additionally investigated. The best results were
achieved with the application of protocols: 5 K/min (B1) combined
with 7.5 K/min (B2); 5 K/min combined with 10 K/min; and 7.5
K/ min combined with 10 K/min. Concentrations of DMSO were
7.5 and 10%.
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