FALA
[Differentiation and proliferation potencies of human bone

tissue-derived mesenchymal stromal cells after 1- to 20- year

cryopreservation |

(1—20F 272V BEHABRERFE Lz MEERRE SR ZER Mo
ALERE - HEFEREDIRET)

fEgHRs KB\ &

RiEE KA A EF



ZEDEE
3. ZEOBERICBVWTEREZZITL, BONZEEORRIC
ZIZEET B,

Y= 22 VA=
HEASWTIERICER LTI DICHEBERW. &2 2

i1



ZE

EED

RIEAARIZB W T AR OERAEITHAER 500 N2 1 AOHEE TRD b b ERMR
BThD, TOBREIIEBOTUIASE - BRARSE - S aCHF SRR D5 -
FERVNERISBEZ L THEBOBFICL2EZNT To—FANEL ShD, ZOFTES
HEIIAE 2 REEHICHEAT SN D FTREMER H D IRE TH U | SARE S RO BEBAEIAL & 72
%, BB O B AN, OBEEEIER OSTRE TR 214 5 QFRKBHEHR OBEE ~
D HFHEQW OB IEERNBE O ORMAED LM FI SIEK - th OELFIHR OERRE Y B
IL@EIROFEOBRETOMMOKEDRAEEDHHE, ThHD, ZOLHKAR
B AT 5 5% B 8 EICERE A~ DO BEBIEEIT > T 5 05, Il AENHERCHEK
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1. Fim
BRI A B TN E 2 VIELTEY . FICHVERH LWVEICE S D
BERSEEELTWAHERLREELZHD, BREEROENLERTHD, L LA
B RME R L MR EITCEEEOE KBICBW X BERIRES I TE 20
OBEBEFENREZIT Y., BRECL. BFOBEBHET 2 HE(BREBHE) ., AOF
BT 5 IE (MFE BB LA THE 2 BIET 2 5 (N TEBHE) 2 88 H D,
BREBEIEFENROHF CE N BERLZEEL CEEERL2T TR LT,
FOERICHBRY B, WFEBEIEE LIZEERAWSTD, REIFEHRATE LW
HREIEDH BH, MFFORE—M, BERENGS HITEED ) A7 BENEW D
BERD D, —HFALEIITERGOZORENMEET 52 LR TE D08, ATLFIX
AR CH Y . 2D DL TIIERN~OBIEIC L VL EHERELFEST D DITR
HThHD Y, BEOZEZNI. AARAOHAENL 500 A2 1 AOHEETROLNDORET
b5, HEE %W%%%&%ET§®®E%@tb@ﬁ@@%ﬁ%%b EEREDE
BITEERAEENO—DOThH D, ZODITITBEHROFTREIMICEEFRE L TEF
OB RBEHFE LRI SLER D D, BIE, BRI L TEBRGEEREBELS—
AN RIEIETH B 2 Y, Z OB EBAE O WIE FITREEIOK ARTE 238 H ¥ 5 5~8
BETHLIN, —EOEBETEMNEZEL X5 LIIRL T, (REHTIERE L +0IT&
BT & R UVEFIRCBHEE BN SN HIEFI 72 & TIEFMAERRLEL 2D, £IT
Fxlx, ZOFNEELEE T2 BN THEETLREIC L 2REEOREMIELIT> T
%, fRERE DR TIZ—MIC cell source ZBREMIC LV B O HHZERSMAZ L L
TWB DI LT, Hx IXBEHEEBEFRFZ donor & L THWOLILD IFEMROARFE &
IR T BN D . WIS T out growth LT AHEERME Y © OEKREA% B2
L CERRFZE 24T o TV Do 2 AUE TIT hBT-MSCs D4y Bk « 45 - HAE (R TFIE ARSI L 9,
EHICHRERE SN2 BBT-MSCs (12 & B A 7V REUATEOBRRE ", £~ R
BT BEEE THEEN Y &, BT v N OBEEEKIBEHET VAERHR O hBT-MSCs D
BTRBEDHER. & HIC 10 F£LL EREIBRERE LB EO B LER VR EEIZE L
W0 LTE L, AET 20 EREBIBBRA L hBT-MSCs OF - el LaE, HIE
BECHEIC L ATELL - #EIC VTR L, EHRFOREREREE L,



2. Fik
EEREHEEESICBVCAR (REARE S ;BI2-101) O b &, YR THRENE
BB % 1T - TIEG O RFIG B ERE £ 0 % bz hBT-MSCs & B RIFR. Zh 2R
BEE LAV, d8REIZ204E8, 15EE8, 1048, 548, 1B ETOER
£ 3R o, 15 F (BHEe B, &9 Fl) T, FEEILSR~1TRCEH T TR
Tdholz, (Table.1) HERRHEFEFRER CHEA SN D2BEITZDERD D, Table.2 T
RN ETE LT, 2O EERE» DR LI-RiEE A, EERIINEAERI
NE LW ot

-1, PIREEE & b MRk Sk ZE R AR (hBT-MSCs) DIERFE(RTFE - FHER
LEEL BB R ICRE & Ao T2 E L. 25 of flask (Sumitomo Bakelite Co,

Tokyo, Japan) P’ C. 10%FBS(Sigma-Aldrich MO, USA), #iE#E (100U/ml penicillin,
100 u g/ml streptomycin). 1 ng/ml bFGF ¥/l o —minimum essential medium (LA a
- MEM £24#1) (Life Technologies Corporation, CA, USA) Z V>, 5%C0. 37°CDOEMHT
CEEEE L. 1 ERIC 2 EEE#AcH A Uiz, HIHEAY Subconfluent (272572 6 75 af flask
WZHERS UL FERaEk 2 EHRI4E . & DB (1, 000~2, 000rpm, 3-5 minutes, 4C) L, 7 A&
Pl — & —TREZRY B, 5X10°-5X 10 E 0 MICxT LIES A O
CELLBANKER™ (Nippon Zenyaku Kogyo Co., Ltd. Fukushima, Japan)iml Z/Iz#EL< ¥
NyF 4%, WRERATF 2= EL, R4 T A4 R LICHEHRER. 80CH
deepfreezer \ZfRE LEHAERTE Lz, MlREEAT 25RICIE. B L TRW AT

2— 7% 3TCIRIS TR ¥ 7228 b RIS AR S| B HICKEE 7 2 85 10m] FREIZIRN L7
. EOMOBE (1, 000~2, 000rpm, 3-5 minutes, 4°C) L, 7 AE L —# —TLEZERY KR
Wiro o - MEMBEHETHRIB L. T25 of flask (28 L 5%C0,, 37T°COLET THEEE L
. subconfluent ZFEERB L. FAWVWATXTORMKE 2 R RITHI 2. EEBRIZHE L7,

2-2. AIBHIE

RS 35 mmY Z AT 4 v = (IWAKI. AGC TECHNO GLASS Co., Ltd. Shizuoka. Japan)
IZ1X104/50ul 725 X 5% #ERE L, Live/Dead cell Staining Kit I (TAKARA
BIO INC. Tokyo, Japan) ZRWTHNLEA v —2F VU LREL A v —MREEZIToT-
% BISLILEE S YL FEREE LSM710, LSM780 Systems (LSM Software ZEN 2012, Carl Zeiss
Microscopy, Germany) CEIZL7-,



2-3. fAlaE(HIE

a7 —4va—Mt&E3BmA T AT 4 v 2 (IWAKI. AGC TECHNO GLASS
Co., Ltd. Shizuoka. Japan) {2 1X10*/50 u1 &722 L H#EfEZHERE L, Cellular
Senescence Detection kit-SPIDER- 3 Gal (DOJINDO LABORATORIES, Kumamoto, Japan) %
FAVNT SA- B -gal Y AT o7tk IS REOLEAMEE LSM710, LSM780 Systems (LSM
Software ZEN 2012, Carl Zeiss Microscopy, Germany) CELZE L7z,

2-4. FHIQHETERER

TR BRI XU T OREZ AV iz, BERFR. FERT. 3% 6~17T%) OF
P12 N & LI N DA FH VB ORRIE T, FFERE S TWRWSEORIE bEBI & 2o T,

(Table. 2), T ~NTOEFNIBGEEREH DB L, BEITIICLPLIA D EERER BT A
B dso7-, Cell Counting Kit-8 (DOJINDO LABORATORIES, Kumamoto, Japan) % FHU>,
96well 7 L— FiZ0.5X10%, 0.25X10%cell/well T DAL #EfE L7z, 0. 1, 3, 5, 7
HEICWST-8%2 AL L LT, 450mmiiBF AWAEEE L — ) — & —
SpectraMaxM2 (MolecularDevices, Ca, USA) "CEHEIL. Lambert-Beer DIERNIZD - & Y |
GRS X 0 AR AR L, SRR A VER LT,

2-5. B tFE. EMnkFE

6well 7' L — MTHIRBIELAS 1 X 10°%cells/well &2 X HEE L, 4 BHEMLFHEELAT
olz, WEHIZSHRITE 2 EAT 7, B EFFEREHIY 10% FBS #RIN o - MEM 35
(Dexamethazone0. 1 uM / Ascorbic acid0. 05mM/ B —glycerophosphatelOmM % #/N) % H
WTAT o7z, FERAZERBERE T 10% FBS ¥R o - MEM B i

(InsulinlO u g/ml/Isobutylmethylxanthine0. 5mM /Dexamethazonel u M/Indomethacin
0. 2mM Z ¥RAN) % AV CTHT o 72, FERBEREIT o - MEMBEH T, 4 BRERZIT o7,

2-6  SY{LREDFHM
2-6-1. ‘B {LREDFHI
O TVHFY vy RS
Mm% ) CEMEERIEAK (PBS) (—)2 E¥EE#%. 100% =5 /) —/L CTEE L7,
1.3%Alizarin Red S ¥&# (Wako Pure Chemical Corporation, Osaka, Japan) & FV T 2

.3.



Syt L, FREEKT 3 EeE L CRREIORGEFRKERE L%, Miaziise, 8

217,

@ ANV LEER

HAFAZRE % PBS (—) TIEILEEH%. 0.5NHCITHA Y U A%EMHL, = A3 - Ca
(NIPRO, Osaka. Japan) #f\, 7AtFVIETHLY T LADEREIT> 1,

2-6-2. FERASLRE DTS

FA Ny QA

PBS (—) C2[EIMEE% ., 10% AN~ ) ARKRCEE LTz, TORKEAKTHS L, 60%

AV TR ) =)L THHE Lz, 0il RedVAWK (Sigma—Aldrich. Mo, USA) T2053 %L & L7z,

P 1%60% 1 Y T %) — VISE R OPBS Tk~ 72, T O%AFEMBECTHE L7z, JE

i 4= i Bl d Image J version 1. 36b (National Institutes of Health, USA Http//: rsb.

Info. nih. gou/ij/ ) DFEHTY 7 M & AWT, Mfatk., WEE. FHYA X, %EEL

Kb,

2-7. #EEtIHT _

MR ATER L ZLOHIE, 0il Red P M, Miakk, HEHE, FHY A X, %@
BOHEIZIZ, Y 7 U7 Image J version 1.36b(National Institutes of
Health, Bethesda, MD, USA. http://rsb. info.nih. gov/ij/ ) &M L1T o7, Image]
V7 N =TEERALT, SRR CIITEREEZ SN Ui, TR MY v 7R B
T& 5 Steel-Dwass #ABR & Wilcoxon 3RER % f\V CHIAIBTEABR 2 O Ca EEABDRE
BiToT, TRTOMETEY L FHOEHERZE (SEM) & LTRL, P <0.05 Z#tEHH)
EBETHDHE LTZ, ZNHDMREIZIL IMPPro 14.2 software (SAS Institute Inc.
. Cary, NC, USA) ZfER U CHEt o & FEH L7,

3. RER

3-1. AEFEHIE

AFEHITEIZRN T, 5 ELED SIEMIROFEI G AEM LA, AfiafyE T O
NFH N2 o T2, 10 FLBRAMBOESITEWVA, FOBRNWUPBRE SIS LI
720, 20 FEBICIXAEMROBE BEY ., Mok, KoEh, Homhb BiL>X
51272 o7= (Figure. 1), FARIZEILIZH o283, Fv 7 — 7 CHEICEEZEIT
otz (P>0.05) (Figure.2), £z, WEfE, mfE. TV A XITHEEEIT RN

-4.
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3-2. HERREALHIE
5 ELIET N TOMARIZ SA- B —gal BMEMIA 2RO, BLWEOEFEN R 6N
(Figure. 3), MERRE(LYLED%EMREIL 1 FE OBRETITRE S 2o, 5FEBD
TRTOBETHRESNZ, Lo, EOFERBICLAEREZITRS (P> 0.05), Hifd
¥, HREE. A XL EBEIR o7z (Figure.4), E7-, %EE D RRORE
RoOESRENRE SN (Figure. 5A 3 L UM Figure. 5B),

3-3. FAEETERER
HETE p AR O HETE DI IRFRIF OE SIC L 2B 00 REITRD bz o T,
(P > 0.05) (Figure. 6),

3-4.  FHESLREDHERS

3-4-1. BHMEEEICOWNT

DT VFV Ly FSTE

SHREEICH L CREMIC LR shic, 2 TOREIZEBNT, B0 LiEL ik
BT B LN TER (Figure. 7),

QINT T LER

FESFERE (2 b u—/LEE) OHRIEMEIL 0. 2956 TH Y | BHEREEILR N7
TEERLTVWD, fEIE. BENRBO 3 SOREOEHEINHHE Lz, FERETIE
BERBERNVBEIN (Figure.8), 1 FEHDOI N T U LERER R BIEL . 5 £H
E N0 EENRBEDEREZRD, 154, 20F LB 5 LARENMET L7223, 1
FRHLVBINDODAEREIIZ RO, TRTOFEHL L hr—LVEMT
Steel-Dwass R Z EIT L, T X TOFENRETHERZEZFE O (¢ P < 0.05), 7Z7ZL
FEEBICRBW T, SERBRLTORFHEEZITE L 0o,

(P > 0.05) (Figure. 8),

3-4-2. REMSMEREBIC DWW T
ANy FOYRE



15 £ B £ TOMRETIIWT R B IRISE 2 €8 L7z (Figure. 9), 20 FB ZBE D5 & | i
BT MRAFENZ LL 2oz, FEMEFER (2 b —8#) L ORICITAEEEN A
Siv, FERSE DA R EMICHER TE R, (P < 0.05) 10 EHEFERTF SR
BT, Bt SN ORITID R0 > T2, 3 DOERMOBRET N THRRERRICH A
. BB LREN HERR Sz (Figure.9), Image] Y7 hU =T &AL T
. B O, REE. %EE. YA XE2REB X ORI 21T o7, HERT
RTORT T Steel-Dwass RERZIT o123, FEZERXA LN o1, FEHEL o
P —LVBEOTNTOERMEZLELLEZA, AREENR LN,

(P < 0.05) (Figure. 10)

4.8%

4 ZE

4.1 BURERFICBELT

Mz EYERET IVLEND ZHE, BREERFSHROMEEZEATIRET D5
BELTHLSPORRADONTE 72, YR TIiE 20 FLL LRI B R—OEANIC & 58D
THEUFECHEE. REEIToTE, FBSIEEILIZ~vA T —F = VENDTD
. 3~ REHEOMBEY S NVEEY ., FBS lot check 21T 7%, [F U kiEIE (B3
BHERE) TO 1 EBRE OMILEERE L, A L TV 5 MiE & RS OEIEE 2 #F
DOLOEBRLUTHEALTWAN, RE I~ ERBICFERAA - -8V EDS, Z0
L REHEDOL & YURHIB W CRHBRREOMIICI T 2F A ZERIz, —KH
(SRR MRS T B EE 1 1k, MR POKSEIERIC R S EBRE & . BREEITRE
DOHBAN DOERFEITHE I EED 2 OBMEN T\ D, 7 BFEHEE (freezing rate
) VX, SRR (frozen—thawed) OO AFRICEET IRLEERRTLEZXD
NTW5, BREENETES LY | MIENKGEBIER SN IR ANV XR T IZES
Bz, WBREELTIEET B - OEEMICHERMEE X LT LE), —HBTED L
9 HRRRSMAR DA I OIS R B LY R T 0 @I AMRRR ORI > bRy
DB LR N BLK 3 EIT S D,

B R R ISR O R & & LAKSEBIED 2 DO L2/ FIEEL | &
B DEEILT 1 7T b freezer ZAWTZ-1C/ D OBHEENFEE SN TWVWD
W -3C,/ HETIRFELMLEL SNTWVWD, ZOWEIREE 91X, -70~-80°CD freezer
RO EESHET LT THLELNDS D, BERKES CTEK AV TWNDS,

-6.



Z OEE THEIT B LA ITRE T B S N DKE b AV R T AR &2 ik
BELAWKE XL VEY ., HFAD viability BMREEND EEND 7, ZoRIZEWN
T, BEEEICE LTI R T A 74 A LICERHRE . B L-80°CD deep freezer IT
EEEHE LTV 5 YR 0T EE MK S OFR A B/NRIZI 2 53TV 5 FTREMET
BV, BUEHIAOAREEC ISR SN Iok@RREL RDBE Y | Bkl
(recrystallization) 2FEAT S, ZiUZ L 2MROMERBELZE <ICIE, Mz
EFICMBTI2LERS B E bR TND P, —f&IZIE 90~1007C /43 LA LD e
ERHERENTWD, HxITMREIRC STCOERMEICVNRERT 2720, Z0X57%
90~100°C/ 23 COAMEEEEIZIT L TV, S bITHFERIFIRI TIPS RER &
FRRAA R ER D 2 IZHT b, BTE I dimethylsulfoxide (DMSO) < glycerol 23
Ho. mHESANDNTWS, %EIZIT hydoxyethylstarch (HES), dextran %4315
BB, W OMLDOBFFRIZE Y | MRNEERERE & RN REREROHFAN LV E
MTHHZ EMNHBALED D, BRBEALTHDDE, FROEFBRFETH Y .
10%DMSO MLiEEH ¥ A 7 OB T, MIaSNRERERE L OHH type TRV, £FT
DA DERE - RE - FREOFIEZIR VRS &, MIEEE O THAFREDOEKA(LIZ
Y EENE U TOBAEEENEWZ EBHR SN, itk 10 FLL EEERTT
L7- hBM-MSCs \2B . RERFL T BRENZFE > TV B Z E2HE Y L TRV, EiT in
vivo TOBFHEICEL THRRICRE Y LTRY., ZOBERIDOESIZENT—E
DM LB TND, FIAEERMEIRET S 2 b 5-196CIZ L 2 BREEETIL, £
DEMREHEICBW T, &R 41 FRRFEREBFIIERE T LW O BRIGHAD
WED L ENTVD, 20 L9 RBEETIIRV, -80°C TORMBMBRFIC L 2 HiE
? viability IZBET BT, 4~8 ER LHR W ® Sh TV A0, bitbhNERIZ
R HRIE 20 £ H DOREI-80°C D deep  freezer TOEFEIRTF S 4172 hBT-MSCs T&H ¥
CAEIO L I 20 E L OEHEBRESN-MERMETLEHLEBERE TS LN
MR INT-0X, L BERRFEHFIETOEMBENARERY 5 5R T, BRICHZED
HETH, BELRY 2D, —BINTHERERFERD (SFROFEM LTV % CELLBANKER™
BEY), REEAEER 80% U ETHDZ & ARET HHIMIIMER LV 3~5F & W
PNTN5, ThHDERZBETHD S, HHERFF S 472 hBT-MSCs 135{LaEZ A L
T\ o, E{LEe - SRR CHRREHRIC L > TRIEEDRNWT —Z Loz
(Figure. 4~6) , MIRAERE AL 5 MIBAPIK RS ORREIESE *° RIQIEASREE S ez &)
I & DRI, L AEE - EIEWRS| OBRB CREIN D T2DIC, ek FEfia &

-7.



LTH Yy b ENDDIFEEEDRI-NZ L DT & 5, A EIHIREHERFR DR
HIRIAMTIE LTz 5 LD D AEFEY I K 0 B B AT /e o 72 FEMBRA OFI& A3 88 L 7=
0, EMRELE TRFEOBRIIA LR o1, 10 FLEEMBOEIGITEWA, ’
DOENPEHREND X IR0, 20 EBITITEMBOEIE BEY . RORNLE B>
7z (Figure. 1), ASCHRRHIEN DHERT DI, MBRRFEZERD  BEREL VO AT LR
THMEFE SN AT ZENT T DR ML RICHZ 9 BROVHIIAD - DR TE 2 L
Ezbb, UENb, 20 E%8 L RIEBEREFRETHoTH, SLEZERD,
AL LCRIATFRETH D Z L BRI S L7,

4.2 BREIZ L 0 MRIZE(LT D 0MNTDONT

ASEERE SN E-RENERBERIEKTELEL T2 b0, ELMRO—ETHD
Senescence—associated B-galactosidase (SA-fgal) #E(LDOIFIE L L CHEfRYLE L
PR L7=, W pH (3 TREND B -galactosidase {EMEIX, X-Gal ZEEL L THR
DFEALZTFTEAVNLLEHEISh TEE, ZhETIZ, B-galactosidase {EMEITMAD
b L < I3 L~ TORENHE L RENTND 7, L EREICERMIE T
EUVEESBRE S, 2 OEEOBE MBI IG5 FORRN L, BEO~—T
—ELTELMbND ® ko ithote, —KICHaDFmiTMEELLEZ TAVAD
2 B CRERISNTRY . BiESHREASRIERFIC X D 61 {Fk, RED 45 RN
Heyflic® 12X W B R SNz, MIBRARE T H0HFMBPRE I DICR T 5 RAIH
HIZR RS L, T b T B ATRRAY A XETEMLIZZ LITR DS TWD,
hBM-MSCs DHEFEICIZRAMRH V| ES MR AMIR L B2V T a2 T —BIEELIER
288 <, ERRAOICT B A T MRS X DR HEMBFET 2. 2 REMITMRMIRE OF
EWREWEEEL 22RO Y 2R L, A ERD 2L IT B-Galactosidase {EPEDS
FHEIND PP gFEEE LREETIE, MR AR TRE(E L, RFEICRY
HETEH O & 1XIA HNC R HEREEZ 2T 5, hBT-MSCs D Z DFMEDZELITHRE L
L CHEERMCEE THD Vbbb, SOICE (e - LB b BT 5 L HiES
nNTW\W5, A EHEAEUT 2 fRRICZE A 2, R L7 B 4 b WA sR B ln 123 T
TIRMEBETHoT, BREL VW OBBERED Z L TRV B -galactosidase DIEMED
BNz, ZIUFREDERIZR> TEAILHEBFEEKFE T, 5FETH20FB LA
HOBWEMENRHR LN (Figure. 2), TV HEW B -galactosidase DIEMD R b7z
RO EREDE & (BTERED B ) ICB L TiL, MR (LR & MR DR BRI

.8.



Blxs b, mWOLREER A LTz (Figure. 4~6), SEIOFETIX, HRHEIZLY
TREFAOIZZAL T B ATREMEI IRV E HEER STz,

4.3 EHEHBRFREOREMELSHOBREICEHALT

10 £ OEHEBRT LoREOLZEMICE L T, YHETIIREAKOERERE, 2
AIHIEEF THD ps3 BETOREOFELPABEBFO—D>THD nyc BlaFD
FEOFAM & . G-band HEE AV THIEZMRELZITV., ZNOLORETITREIIR
BRehnotz 'V, BENORER B FMM A AV 72 hBT-MSCs DERIE, Bk 27X
R, DR L 0 AR TETH S, BUERMNSC % AU - AR B AL S
Zhbh, REBEL L TH A MSC IZaEMEBI RN H v | TG EGEE
BIpZEiFRnEnbiTng ® » GEERVPFEINT, fEREZF-OZL
ERLERELER Y ® ahad, BEOBHEICELEERTHI. 9PRICBITS
BHEEIOFMHE, ZO FF—& LTOEBHOBBLED S Lob, MIEFIRE(DE
TRk I LB O—EERE L, BAWFIHICIIT 2B EBE ORI, &R
FLTRBWEREZ AV, SOICEEHUREICITON D BREEEDKRIT L FERE,
FERATEZLERLIZERL VD, SE20FRBEFICLIINOOFBRIY, —
BEOIBROEERIGANFREIZ R 2 EHPB/ONIEEZ L, rx NEET L DOFIH
WCAWDDIXEFEBEAWZIRETH D Z L2 b, [FIFEMSC O X 9 e a0 L
BRI E D, 20 4T < BAERAFE S 1172 hBT-MSCs 18\ B ~Galactosidase TEMENFR
bz, L LALLM EEEDETIEERD bhvieholz, SEIn AL RVd 2., f#
2 DIRT VX MITRIF LIAER L HE SN D bOWRE Do Tz, Fx OIFFERETIE, &
£ 20 EMEMEREFESINT- e MEEOMIEITIZE A LBRF LRV, S%OBEIX. BHR
MEEFERT D201, BERESN TV 15 EOFBREMREZER LT, 5 F%D
20 EDFIERTTHINC 72 5 EBR CRROEREZITO 2L Th D, BFMEABEDTDD
B2 EAE R L OB B L, BB LR OMIRELOREZ/HE L.
Bk FEZBRT A0, SORDIMENLELER D,

5. ¥

ARFZEIC L 0 . 20ERIEAERE LIBIE T B LREER OB biEE B L T\ D 2
ERGMoTm, L LEDSGEEIRE 5bdH B WITREI LD EH b NIEL RN H
HIZENHE SN, MERBOFEBRTFRECIIZICOEELZZ TS, MERIEH
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6. 5% OME

SEIOFFFRIZ LD | HFEIC XL 0 ZBITRRERRICET LRWATBEMS R S L2, 2
NS R —HRDOEERENEET 5 LD THHh, BNRBREEAER, BHRGH~
EETDZE RS BOBRMRETH D, TIFRORBEL LT, BEEBHEOARR2 T
. FAEBHEA~OISAEZRBFICANTZNEEZZ TS, 20 EROFFBHREREITHEFL
WO, BRE 5~10 FEAL CEHET 2 LERH 5, BITRBEEHEBIERIZIRNT
DY) 72 EREARE T IEOME, BRI X 2 BHias & ORAEFREROMER & £ OxRE
IZOWTHEHDRTIRE L EZTWD,

7. HEF

ABFFRII SRR A IR Fe M4 (C)  (17K11852) DB E 2T TITo /b D TH D,
AIFFIITILBRFZEFLTFE - DFEFR SRAEFROZRREME boTZ b %
Rt LD DS R L B E T, £z, RBRRFRRDOZL < OFEBIZZH AN TZEN
L EREL, TBHAVWERWEERICEHEZBE L LT ET,
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10. X%+

Cryopreservation
Group Age Sex Underlying disease
period, y
20 17 F CLAP 20
20 9 F CLAP 20
20 M LCLA 19
15 8 F LCLAP 17
15 5 M LCLA 16
15 11 F CLAP 16
10 5 F RCLA 11
10 12 M Bil.CLAP 11
10 5 M Bil.CLAP 11
5 8 F Bil.CLAP 5
5 5 F LCLAP 5
5 6 F RCLAP 5
1 5 M RCLAP 1
1 5 F LCLAP 1
1 8 M RCLA 1

Table 1. Donor characteristics for confirmation of differentiation ability and

period of stained specimens.

Bil.CLAP, bilateral cleft lip, alveolus and palate; CLAP, cleft lip, alveolus and
palate; LCLA, left cleft lip and alveolus; LCLAP, left cleft lip, alveolus and

palate; RCLA, right cleft lip and alveolus; RCLAP, right cleft lip, alveolus and

palate
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Cryopreservation

Group  Age Sex Underlying disease

period, y
20 8 F Bil.CLAP 21
20 9 M CLAP 20
20 7 M LCLA 19
15 8 F LCLAP 17
15 5 M LCLA 16
15 7 F LCLAP 16
10 5 F RCLA 11
10 12 M Bil.CLAP 11
10 5 M Bil.CLAP 11
10 6 M LCLA 11
10 17 M Mul. facial Fx 10
5 10 M LCLA 5
5 8 F Bil.CLAP 5
5 5 F LCLAP 5
5 6 F RCLAP 5
1 5 M RCLAP 1
1 5 F LCLAP 1
1 8 M RCLA 1
0 6 M Bil.CLAP 0
0 7 F RCLAP 0
0 5 M Bil.CLAP 0
Table 2

Donor characteristics for cell proliferation and cryopreservation period

Mul. facial Fx, multiple facial fractures
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1year 5 years 10 years 15 years 20 years

Fig. 1. Live/dead cells

Live and dead cell staining. Live cells, green fluorescence; dead cells, red
fluorescence. In samples cryopreserved for 1 year, living and dead cells had a
regular round shape. In 5-year cryopreserved samples, live cells showed no loss
of shape; dead cells were slightly disrupted. In samples cryopreserved for 10-15
years, the proportion of viable cells remained high, but the shape of some 15-year
cells had deteriorated. Viability in 20-year cryopreserved cells had
proportionately decreased, and cells that were swollen had a disrupted membrane
or had lost their shape (arrows). (A) 1 year, (B) 5 years, (C) 10 years, (D) 15

years, (E) 20 years (bar = 50um).
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Cell count

Fig. 2. Live and dead cell counts.
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The Steel-Dwass test revealed no significant differences in cell counts.

(P> 0.05).
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1 year 5 years 10 years 15 years 20 years

Fig. 3. Cellular senescence.
SPiDER- B gal—-positive cells emit green fluorescence, and their nuclei are stained
dark blue. SA- S gal-positive cells were found in all samples cryopreserved for
25 years.
(A) 1 year, (B) 5 years, (C) 10 years, (D) 15 years, (E) 20 years

(bar = 50 um).
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B

Years mean=SEM (n=3/group)

Fig. 4. %area of cellular senescence.
The Steel-Dwass test was performed, and no significant difference was found in

the %area.
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Fig. 5. Cellular senescence and fluorescence intensity of the three samples in
each age group is shown.

Fig. bA, Average data.
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A

Fig. 5B, Results from the Steel-Dwass test. Data represent the mean = SEM (n

3/group) (P > 0.05).
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Fig. 6. Cell proliferation curves

Cell proliferation curves including samples that were not cryopreserved (0 years).
The rate of cell proliferation tended to be faster, and the cell count on day 7
was greater for cells cryopreserved for a shorter period (e.g., 1 year) or not
cryopreserved. For cells cryopreserved for 210 years, the proliferation rate no
longer accelerated rapidly, but the number of cells increased at a constant rate.
Data represent mean = SEM (n = 3-5/group) for six independent experiments. The
Steel-Dwass test was performed between the pairs of all the groups, but there were

no significant differences.
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1 year 5 years 10 years 15 years 20 years

Fig. 7. Alizarin Red S staining.

All the samples in the osteogenic differentiation group were stained regardless
of the length of cryopreservation (Lower dishes), while no samples in the
nondifferentiation induction group were stained (Upper dishes).

(A) 1 year, (B) 5 years, (C) 10 years, (D) 15 years, (E) 20 years.
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Fig. 8. Ca quantitation.

Data represent the mean = SEM (n = 3/group) for 10 independent experiments.
Steel-Dwass tests were performed between all the induced and noninduced group
pairs. There were significant differences between all the age groups in the
induction and control groups (£ < 0.05). Wilcoxson tests were performed between
each of the age groups in the induction and control groups (P < 0.05). There were

no significant differences between the age groups in the induction group.
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1 year 5 years 10 years 15 years 20 years

Fig. 9. 0il Red staining.
Cells containing red—stained lipid droplets are cells that underwent adipocyte
differentiation. Lipid droplets were confirmed in all samples cryopreserved for
<15 years. In samples cryopreserved for 20 years, lipid droplets were scarce.
(A) 1 year, (B) 5 years, (C) 10 years, (D)15 years, (E) 20 years

(bar = 100 xm).
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Fig. 10. Cell count of 0il Red staining.

Wilcoxson tests were performed between each of the age groups in the induction

and control groups (P < 0.05).
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