KuzHecnocobHocTb M AugppepeHUMPOBKA KOCTHOTO MO3ra reMono3TUYECKUX
M ME3E€HXMMaAbHbIX CTBOAOBbIX KAETOK, KPUOKOHCepBMPOBaHHbIX npn —196°C ¢ 1972 roaa
C. Cymmaa, T. Knutamyra, H. Motomypa, A. CAMTO
KamHnka mn rabopatopus KpuomeanumnHbl U nepesnsanms Kposu A-pa Casxmo Cymuasl
TkaneBoit baHk, OTAEAEHME CEPAEYHO-COCYAUCTONA Xnpyprum, DakyAbTeT MeAnunHbl TOKMACKOro
YHuuBepcuteta

Viability and Differentiation of Bone Marrow Hematopoietic

and Mesenchymal Stem Cells Cryopreserved at —196°C since 1972

S. SumiDA, T. KITAMURA, N. MOTOMURA, A. SAITO
Dr. Sajio Sumida Clinic and Lab Cryomedicine and Blood Transfusion
Tissue Bank, Department of Cardiovascular Surgery, Tokyo University School of Medicine, Japan

DTo0 uccnenoBaHue ObUIO MPOBEACHO IJIS TOATBEPIKICHUS
KHU3HECTIOCOOHOCTH ¥ MU PEPEHIIMPOBKY B KYJIBTYPE IEKOHCEP-
BHPOBAHHBIX KIIETOK KOCTHOTO MO3T'a, KJIETOK ITyHOBHHEI U IIM(O-
LIHUTOB Nepudpeprudeckoil KPOBHU, KPHOKOHCEPBUPOBAHHEIX
¢ 1972 rona B teuenue 3040 ner.

AyTONOTHYHEIE KIETKH KOCTHOTO MO3ra B KonudecTse 5,1 +
2,9%10%° 6butn cobpaubl st nedenust 293 GONBHBIX C pac-
HPOCTPAHEHHBIM COJHMIHBIM PaKOM IEpe XUMHOTepanueil. tu
KJIETKU CycHeHAUpoBaiu B 15%-M (KoHeuHast KOHIICHTPAIHs)
pacTBope INIMIIEpUHA B TKAHEBOH KyJbTypajbHOU cpene 199
(8 1972-1980 rr.) unu B 10%-M (KOHEYHass KOHIIEHTpALIUs)
pactBope JIMCO Ha 0CHOBE ayTOJOTMYHOM I1JIa3MBbl B TE(IOHO-
BOM/KalTOHOBOM KOHTEeHHepe, oxyiaxaanmu a0 —75£5°C co
CKOPOCTBIO 2-5 Tpajfi/MUH C UCIIOIB30BaHHEM IIPOTPaAMMHOTO
3aMOpaKUBATENsI U XPAaHWIN B kuakoMm azore 30-40 ner mpu
temneparype —196°C, naunnas ¢ 1972 rona. KonreliHepsl
€ KJIETKAMH KOCTHOTO MO3Ta, KOTOPBIE HE HCIOJIB30BAIH JUIA JIe-
YEHUsI TAIINEHTOB, IOCTOSHHO XPAHSITCS B XPAHHUIIAIIE C KHIKIM
azoroM 10 cerogusmHero aus. B 2010 roxy gacts oOpa3os
ObL1a Pa3MOPOIKCHA [T U3YUCHHUS KHU3HECTIOCOOHOCTH U aud de-
penuupoBku remonostuueckux (I'CK) u Me3eHXUMaJIbHBIX CTBO-
n0BbIX Ki1eTok (MCK). PasmopoxeHHbIe KIIETKH KyJIbTHUBUPOBAIN
B yanikax [leTpu ¢ KynpTypallbHOH cpeioi U COOTBETCTBYIOIIUMHU
(dakTOopaMu pocTa: CHIBOPOTKAMH B3POCIOr0 YeJIOBEKa W/MIIH
JIU3aTOM KJIETOK KPOBHM Me4exBocTa B MHKyOarope npu 37°C u
5% CO,. KynpTypanbHas cpena 3aMeHsIach PeryispHO, JBa-
TPHU pasa B HEAENIO.

HccenenoBanus HOKa3allk: YTO MOHOIIUTAPHBIE U SPUTPOOIACcT-
uete KOE Gbimn o6HapyxeHsl B 96% IeKkoHCEepBHPOBaHHBIX
KJIETOK KocTHOTO Mo3ra. Boccranosnenue I'CK nexoncepsupoBaH-
HOTO KocTHOTO Mo3ra (15 mapra 2012 roga) COOTBETCTBYET ypaB-
Henuto perpeccun: Y =—0,0003X + 0,0367, T. €. 3aMopaxuBaHue
B JKHJIKOM a30T€ MaJIO BIIUSIET Ha KOJIMUECTBO BOCCTAHOBIICHHBIX
KOE-C xnerok koctHOro mo3ra. [1oBbIlIeHHas SKCIIPECCUs To-
BEPXHOCTHBIX Mapkepos: CD2,4,116, 13, 16,33, 38, HLA-DR u
GP o3Hauaer, yTo UMeHHO (PaKTOPBI pocTa B cpesiax 3P HeKTHBHO
CTUMYIHPYIOT nponudepannio u aupepeHIPOBKY ITHX KIETOK
JUISL SKCTIPECCUPOBAHUS IIOBEPXHOCTHBIX MapkepoB. HekoTopsre
KOJIOHHH KJIETOK, 00pa30BaHHbBIEC HA 5—7 I€Hb KyJIbTHBHPOBAHUS,
coxpansutick 10 3 mecsueB ( 4-6 maccaxeii). Komonnn MCK,
nepunuTh ¥ GpudpobacTel 0GHAPYKEHBI B 8% OTTassHHOTO KOCT-
Horo Mo3ra. Ilepunuter U GuOpoOIACTHI, IPUKPEITUBIIAECS KO
JHY YallKH, POCIH U MOKPBIBAIN BCIO €€ MOBEPXHOCTh, a TAKXKE
y4acTBOBaJH B MOCTPOCHUU HEOOBIYHBIX «KOHQIIOCHTHBIX)
CTPYKTYp Ha MOBEPXHOCTH KyJIBTypbl. HEeKOTOpbIE U3 3THX CTPYK-
Typ obnazianu cBoiictBoM aBrocokpaienus. 'CK ycrerHo kyib-
THUBUPOBAIU MOBepX KOH(IIOEHTHOTO ciosi hpubpodnacto. He
HaOmoanoch 6akTepUaIbHOTO 3apaKCHUS B PEe3yNbTHPYIOLIEH
KyJbType. XpaHeHHEe CTBOJIOBBIX KJIETOK, a TAK)Ke KJIETOK ITyII0-
BHUHHO#1 KpoBH 1pH —60 10 —80°C B MEXaHIMYECKOM XOJIOIILHUKE
WU B TIapax KHUAKOTO a30Ta He MTO3BOJIHIIO ITOCIIE OTOTPEeBa MOITy-
YHUTH KOJIOHHUH, BEPOSATHO, U3-32 HECTAOMIBHOTO TEMIIEPATyPHOTO
peXxuMa, BBI3BAHHOT'O OTKPBIBAHUEM JIBEPH, HPHBOMASILETO
K (haTanpHOI peKpUCTAIUIN3AINH B KIICTOUHBIX CYCIICH3HAX.
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This study was performed to confirm viability and differen-
tiation in culture of the thawed bone marrow cells, umbilical cord
cells, and peripheral lymphocytes which had been cryopreserved
for 30—40 years since 1972.

Autologous bone marrow cells of 5.1 + 2.9x10%° were
harvested for salvage of 293 advanced solid cancer patients before
chemo-ablation, suspended in a 15% (final concentration) glycerol
in a tissue culture medium 199 in 1972-1980, or in a 10% (final
concentration) Me,SO in the autologous plasma solution, enclosed
in a Teflon-Capton bag, cooled down to around —75 + 5°C at
a controlled rate of 2- 5 deg/min using programmed cooling device,
and preserved in a liquid phase of liquid nitrogen for 30 to 40
years at —196°C since 1972. Containers with bone marrow cells
which were not used to treat patients had been continuously
preserved in liquid nitrogen stocker until today. In 2010 we decided
to thaw those cells in order to study the viability and differentiation
of hematopoietic (HSCs) and mesenchymal stem cells (MSCs).
Thawed cells were cultured in Petri dish with culture media and
appropriate growth factors: adult human sera and/or limulus
(horseshoe crab) blood cell lysate in special incubator maintaining
the correct conditions of 37°C and 5% CO,. The culture medium
was replenished at regular time intervals, two to three times per
week.

The studies showed that: monocytes- and erythroblast-CFU
appeared in 96% of thawed bone marrow. Recovery (%) of HSCs
of thawed marrows gave the regression equation: Y=-0.0003X +
0.0367 on March 15,2012, which suggests that freezing in liquid
nitrogen hardly influences the CFU-C recovery (%) of marrow
stem cells. The increased expression of surface markers: CD2, 4,
11b, 13, 16, 33, 38, HLA-DR, and GP-A clarified that the right
growth factors in the media effectively stimulated the proliferation
and differentiation of those cells to express surface makers. Some
colony cells of Day 5—7 continuously survived to form colonies
for up to minimum 3 months as the 4"—6™ passages. Colonies of
MSCs, pericytes and fibroblasts appeared in 8% of thawed bone
marrows. Pericytes and fibroblasts attached to the bottom of
dish to grow up and covered the entire surface of the dish, and
recruited to construct interesting ‘confluent’ frameworks on the
surface in culture. Some of these structures showed automatically
contraction, suggesting MSCs differentiation into cardiomyocytes
or other cell types. HSCs were successfully cultured on top of
a confluent layer of fibroblasts. Although 6 of 90 containers
ruptured during thawing, but there were neither bacterial
contamination nor obstacles in the culture results afterward. The
cryopreservation of stem cells and also cord blood cells at —60 to
—80°C in the mechanical freezer and in the vapour phase of liquid
nitrogen did not constantly succeed in the formation of colonies,
probably due to long-termed duration of unstable temperatures
caused by the repetitive opening and shutting of the door, resulting
in fatal recrystallization of the cells.
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