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FTra0, HTFHBTIERGHMETHY, TOKD
LI LIEERETHME L2428 Hh-ch, 50
HEELRASHEOREZABZICVS, LizhB-TC
OEHIMEE R T 2 A, BIEL VRS LERRE
HEREE D, Lo bk BIFLEROREZHET S
CLEBERETHB. TOL S BB AL O(LEREL X
UHEHRIEROER S 72 5 S h 3 Ham g re
WMLT, Bid-> THEEELTBVLAEEENEELSE
THLHRBHABRETILVIBBEHENEL LN
3 OFEEERMCSET A, 760
AREES N BRAREERHEE W 3BACTALE
MEEEE I LB L5 B2 0HEEDL SBREIRE,
REEGEERETL, TEREEZRET ILENH .

EBEATREN I bERRERIC & R - 1 HEHE oM
BHick-o THRENWTVWE., BERETIEHOFT
BOEENMBIEN®ERTSY, BHOBERE
A AR D RIFIC ML 575 W, A R
FIBAIE LTRIERIETS® 528, BREFEMCKELE
EXxNTEST, BHME 10°~ 10°E L E0 &
THEET L VHON Y. 0L ICBHICIEMRMA
B D fthic heterogenous cell populations B HE T
Blzbic, BERRELLBRHOEFEHOHECEHESE
HOTMMSEET & - 7o, EFEHEOHEC BN
1k, BRHEMRER,*H - thymidin ® & DAL L
HMigEL LTRIAEhTE, LeLEMS, Thb
OFERST L EMBMEEE L TOBEEEZRRL T
VWA ERWAT, COLDEBERREEREIHFTE
L TRUE-TVWADHRRTH -~ /c. BEBHB
AT 5 o icid, fREE M oS mEmEE
DR IcEET A I TR, BOHLE, &
{b, #EEE WS EMBMIEE L CoBEEMER LT

Study on Cryopreservation of Human Bone Marrow Cell.

Eosm B AH M ESHWEIC BV THKRL L.

hiFis onu, SEESIRERCMET 2 HEERE
HHEL, TORBLE LTV DD ORBMBRORN 2
EMBHMBROFEESE S e, £ ERNHER
bHALEN TV A ZEEH®BME  (colony forming
unit in spleen, CFU — S) 33RM0Bk, BMER, MI/ME
bt 3R B L, SEREEHOETFHEOHE
CE b EE L wWElRERo EBWRIERETH 57,
L Lo CFU -~ SREREBIERRI <Y Rtk
F Ao o= —~-ERAERHATA60T, EPTRIN
Y A MBI RERE I LELSNh TR
W, Lets-T, b PEBOENEEIFET 5 ic 3l
IR ZHIERMMIE (colony forming unit in culture,
CFU - C) ®»RFERFRAIRMAIZ (erythropoietin
responsive colony forming unit, CFU — E ;
erythropoietin responsive burst forming unit,
BFU - E) BETRET 200K B HEBbN S,
ZCZTECFU - CxIEELLT, & b BRHSERTFD
EHEEBHERET 2 .00 EWHRME, ALEER
WHOBFLBE, ERNOLE, MIRRE, RE
PRMZc>L TR ETV, BRI SIEATEZE
BREZRETELOTHET 5.

HEELUHFE
1) Btk
SRR ZHEEI, AR/ IMRBE, B E IR
BE, ERBHoryBHENEZY EMRKED
BEOSBERNEMGERTENEZMRELT,
FBLoEEoFETEBTMKERSIL, Thia/E
BECBLTEET TP 1 BREEER, buffy coat %
BELL 2. 2 ¥i2, T O buffy coat & McCoy 5A ##
# (Grand Island Biological Co. GIBCO, New

1. Determination of the

Optimal Condition for Hemopoietic Activity. Chizuko Ishino, Department of Internal

Medicine (i), Kanazawa University Schoo

1 of Medicine, Kanazawa, Japan.
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York) T 2 [Eltd L, EHEMIAIRER & L. 8B
av b o= (GEED O CFU - CRIEIEW, B
EIHRREL .

2) CFU - CoO#lE

CFU — C Difl|5E 3 Pike & Robinson® o ik ic
L TiT» 7z, 58813 Pike SOMBIcHE-T, 7 3/
BeoE s 3 vARML I McCoy SABEEK 1 4188
m# (FCS, Flow Lab. Stanmore, N. S. W.
Austraria) % 15% & 7z & ® % plating medium &
LTHW/. & @ plating medium it ® X (Bacto
ager, DIFCO Lab. Detroit Michigan) % 0.5% fnz ,
EoWEFE L bRMIM& v BAEMER2E 1 x 10°/ ml
ERBEDICHRMAEL, 20 1nl% 35 mO AR E
M (Falcon # 3001 CA)ic43E L T feeder layer %
ERiL 7. FEEEHMEs 2V BEEHMEE R,
0.3% X %2 &L plating medium i< 2 X 108/ ml & 72
BLHICHEEL, £0 1nl% feeder layer KEBE L
over layer & U #z. ¥4 triplicate © 37 C,
7.5%C0,. 100% BEDOKET T 14 HETL, BEKT
HEINTEHKE T © 50 EE Lofilah 575 3 0 = —
EFEELL. HEBFERORETIZE— O feeder
layer & L BEI—ADKMAMMK TR L b @
ERVE.

3) RERUR

HEREBRIG ) Y v (FEME, BR) 840U
dimethyl sulfoxide (DMSO #03t) #H W, McCoy
SARBIRICELZDBED /) £ v %1212 DMSO %
FERERNCMA CREREREERIL 2.

4) BERFEAHE

HlagE 2 X 107/ mlic AR L - BB R Bl
7Y &Y v &kid DMSO 2% hEh 10%,20%,30% &
CHERBEEZEER, BRI HEFEES O BKE
B 5%.10%,15% & B3L5icliz. ChiE lnlod-o
HEEREF 2 — 7 (Nune, N ~ 1076 — 1 Denmark)
KHMEL, 707547 ) —#— (ERSIER PF22,
HEOWCHBEL - 1 C/min DAEEET-T10CET
BESHEEITY, KEbCEEERD (- 196 C) «©
REEL .

5) ME

BRER G 40 CONEIRIE TRIEBEIC L - TIT - 72
AELTIREZRTE»S 0 HE TOMIICREL,—8
REEHMBOREE S B0, &5 ICEBBEEREL
1.

6) BEEAE

McCoy BABEBK A TE 50w -< biMA, 10 %
PlE@ARL, 2 EE.L3ESET - R eEEL

WRSENNRE K, 512 CFU - CRIE.RTT- 7. |
Bfic 0.25% trypan blue £\, BEEHARIC L 3
EFEWE, Forffuck 3 REENELOBRET L 2.

15 #

1) HEFHEFOHMRERE

7 &Y v, DMSO % L BERHH MBSO
W ENMEFE LLOTY, CFU - Clcid 2 8L &
T L7z.0ver layerdnic 77y £ 1) >3 0.5, 1.0, 2.0,
8.0%, DMSO % 0.2, 0.5, 1.0, 2.0, 5.0% &7 % &
31U, 7V +Y v5 50 DMSO D AT T

CFU - CRIEZT-1:. TORERIR1IKIREh 3

&3z, 7Y€V v, DMSO iF & biclBEKRERC in
vitro 7 o = —JERAEH Lz, 7)Y YR 1% T2
o = —FERRINEIER 13 30%,5% THIHIRIE 80% &1 b,
7YY AL LOFEETCoo=-HRIIL< &
Sl otz £/-DMSOM0.5% FEETE a0 =
—RRINEIER 1L 30% TH b, 1% TRINKIR 63% & 72
D, DMSO 2% PIETR oo =—FERIZLBDE DL
a1z, QEOER LV UTOERTIIHEFHER K
£ B DI BREBHMARIERSRETILICL.

2) FEERENEL

X 2 SR ERR O BMEED ¥ & FREEAT
b5, BETHOLEEACHYNT C & 3RBIFR
REFRHTHDERL, BEMNCHEREOMEsE
LML 7. ©h s oM E: & ) MEHE % %

Glycerol DMSO

100] 100[

50 LD

¢ Inhibition of CFU-C

12 5 8(1) 12 5(%)

Concentration of DMSO
in the medium {n=7)

Concentration of Glycerol
in the medium (n=8)

9% inhibition =

(1 __No. of CFU-C (test) )
No. of CFU-C (control)

x 100

1 Cytotoxic effect of cryoprotective agents
on granulocyte progenitor cells (CFU-C)
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SKBOELEEDNI O EEZ NS, BELTW
BEBIR OB L CHIRE DL, b5V ITKIEE,
{RIAE OIRERRI A A SN o BRI B X TIFREER,
S RIROBRIER LB & (RN T W, —Hik
FERP ) v BRI EDO X D BEMADSDEL, TOF
BERNHHMANRDEB LTV, B 1B ERERM
BOFWHHROESEE 0 floPHETTRLEL D
THHM, KEBLUBRARFRROFRSED SN S

DI L THRERB L O v ANFROBRRIZE(LE RS
9, — AR S ERRE &l & h B MRS 42,4
T 1T.4% S\ FICH N,

3) HEREHORE

FYeY) vBLUDMSO OREE (5~ 15%) TF
Bifmia 2 /SR L 1RG0 £ FEHE, skl g,
CFU - Clal¥E& %% 2 127k L 72 trypan blue % H
MEER IS X BETEMEIR 7Y 2 ) v KB, DMSO &8

5] 2 Giemsa-stained smears of bone marrow cells fresh ones in the left and frozen-
thawed one’s in the right (x400)

Table 1. Changes in differentials of bone marrow cells before and after freezing

Differentials (%)

Type of cell
Before After
Erythroblasts 24.8%4.3 24.9%14.3
Immature granulocytes 21.3%7.9 4.8%4.9
Mature granulocytes 24.6%4.9 3.1£4.0
Lymphocytes 21.8%+11.1 21.4%12.2
Unclassified 0 42.4%17.4

Each value represents the mean=+standard deviation in 10 experiments.
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EREICEEEEMN, 7)Y »& DMSO &t 0k .
BTLEREAONEh -1, WEENEESY) £ Y 4) MmFERMORE

v, DMSO &b IS DBETZ L Eh 32.1 £
22.0%,37.4 £ 15.3% L B B 2 E B & o N,
10%.,15% EE T DMSO 7 ) Y » & v & [EliY
|AB SN 1. BiREE CFU - CoBIREEZ RK i
&> TCFU - CREIER (%) & LTHELL.

HREREH & LT 10% DMSO % B\ FCS % 15% i
mL B & o RINERICRIETREE BRI L. i
WaRIICRENBL1c, FSC ERMEE I th~,
FCS 270 L 7= 58 i fiaEliN g ,CFU - C#REIRE
LhiIcHEBEOHEMMEL Ohiz, Likd->TUTOX
BRid 10% DMSO % & U 15% FCS 20 L - B =R #

CFU-C #EIZE (%) BAEER L.
_No. of CFU-C/2 x 10° @i B 5) MEBEORE

" No. of CFU-C/2x 10° g 5o
MR (%)

CFU — C#aEYR 1 10% DMSO #RH \ 72 & % 46.2
+ 9.5% LEOEETH - 7. 10%DMSO ictb~xT 7Y
£ v ORPEE, 5% DMSO T CFU - CHEINRIZE
BICETLTWH, 15% DMSO otttz HEE
BE SN - 7. & 12 trypan blue B BEMEER I
K BEFEME CFU ~ CEMERCHEEE AN K » -

BEEET A BOMIREGERICATRAERD
HitflasR@ELLIRRELTVOT, 260FR
AEETHZERENOE S, CFU - CENER 1 ~
5x W0/ nicEEERITD SNuh - (F4). L
L, ShE o {EVHREE (0.5 x 107/ nl) Tk CFU
- CENBIERET LA,

6) KRESHOEE

2 FRRFEHMS CFU - CREIRIRE § 8

Table 2. Effect of different concentrations of glycerol and DMSO on CFU-C recovery

Cryoprotective Via'%ility“ Cellz.étegl? very Toi:rilcgggﬁ P

Solution (%) freezing (%) (%)

5% Glycerol 80.7%:14.8 22.2+12.3 4.3+2.5 <0.001
109% Glycerol 83.0t7.1 29.8%17.0 23.9%114.7 <0.01
15% Glycerol 80.6%£9.1 32.1%+22.0 20.0+15.0 <0.01

5% DMSO 85.4+8.8 18.3£10.3 16.0£9.9 <0.001
10% DMSO 87.7%5.5 34.0%11.8 46.2%9.5¢
15% DMSO 82.3+8.7 37.4%15.3 40.2%+11.0 >0.1

Each value represent the mean+SD in 10 experimcnts

a: Viability is referred to % cells unstained with trypan bleu dye exclusion

. No. of CFU-C/2 x10° frozen bone marrow cells o
b: No. of CFU-C/2 x 105 fresh bone marrow cells cell recovery (%)
¢ : The highest value for statistical evaluation by Student t test
Table 3. Effect of addition of fetal calf serum (FCS) on cryopreservative effectiveness
Cryoprotective Viability? Cell gacovery Total CFL{'C
solution (%) ater recovery
freezing (%) (%)
10% DMSO 88.5%7.6 37.5%12.5 45.2+17.9
p>0.1¢ p<0.001¢ p<0.001¢
o/
10% DMSOQ 85.144.8 49.8%6.0 69.3%+13.2

with 15% FCS

Each value represents the mean+SD in 15 experiments
a, b : See the footnote in Table 2
¢ : Each value was evaluated statistically by Student t test



820 a

Table 4. Effect of cell concentration on CFU-C recovery

cone egtegti on cell recovery (%) I’,Fe(ézz;legg I(’J%? Students t-test
0.5X10%ml 65.6%£22.5 52.7% 7.2 p <0.02
1% 107 63.8116.2 56.8+12.5 p>0.1
2x107 66.1£17.8 68.3:10.0
5% 107 66.3+12.4 66.6Ef 6.8 p>0.2

Mean=+SD in 6 experiments

3
o
al

Total CFU-C recovery (3],
w
=
T
b

lmonth 1 year 2 years 3 years

Stored in the liquid nitrogen

3 Total CFU-C recovery after various periods
of storage in the liquid nitrogen

ERELE. B—Y 7 rid 1 2 A - 3ERBGEER
FICBEREL, L7 AR, LE,2F,3E%o CFU
- CEMNEAZRIic;RLE. MhSsBHLME LI,
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WHNRAKH D, SEDKRETTIEDMSO & 7)) ¢
Y VDD THBRIT AT o, HEREMEOSH
ELTHEUDDEWT EBBFONBH, Yy
WHETL#EOERBA'E LT, /4 DMSO i
penetrant carrier, H#&KE|IEE E L TEKMNIC b @
Bah'l, —icE b un?enbhbh s, L Lk
mEsmiaizxt LT 2 ) vB8LDMSO i = v
@ CFU — S™¥,CFU - C* #i#ld 5 & wbh, 1
b ERERe L TARL IR L&D, 7+
JvdH B DMSO HEBRPICEET 5 L in
vitro 7 o = —FRsHEIEh 5. T OMEIHE & B
BIEREL, £ DMSO 12770 &) v & ViM%
ARLTWR. ke FEREREEEETICS ) 2 ) Y
B XU DMSO THIME L 735 & 11 &, (ERER, w
BEICHA L TCFU - CHAflshTui® 208
HeéLTRERE S EYFNBUI BT SN 5. Mlawr
AR BESE B EREERDEEI L ICK
STHIGL, ESREBEEV LR L ZOBEKEBDOMR
REZALE, MIBEEESELZE. 7)€y v
DMSO 5 E BN FHEREMEGEEMR SN 58
fE, 243 10% Tl 7Y £ 1) v id 1884mOsm, DMSO
13 1964mOsm'® &4 b, THIRHED 6 ELIEE VD
BRBEICHEYT 3. L fobs - THIIREEE IC R
FhHSMAoNBE &, &oIciasSERk BT
BEBICEBMBIRBERMMSEL, BBEEZXL 2R
L THIMBEENREST ZEEZOSRTVLS'. &
N LTHEH R T OEERI L TOLRZ L,
DMSO 12 0.5% T, 70 &) it 1% S{EVEE < in
vitro = v = — R 30% DA EME s 1, E&dnetim e
X 2EHIERTERLVWERLN S, F 72 DMSO
FEHRAARIGES CIFRE, BEELRERI L VWHANT
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RERGS EARER L 4 2 EMBERLAOMBERE
L, T&5 72 EMREacELE MRk somc
BN, AREZS SRS RBIENTE, 201
FIC IR NI S B EE DNA I X 2 180
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BTT 25 LB~<TW2E, 7 Lowenthal 5%k b &
BEA AR P T 80 BMMREL, CFU - CotER
MIRFHBORE L & bIET 2R 2 & s
LT3, SElbhbhoks T 10%DMSO &
15%FCS = &L RERER BV REELT(- 196
T) REFELE VBN I ERoRHAERICZL,
fmiamIR Iz 50.8 £ 9.1%,CFU — C @4 ¥ & 55.9
+10.7% CRHIMRFELESRVRBIFURERETSH -
fo. Liehi-T, EERS (- 196C) KiRgETH
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IURAE HICBRIFEE 5.

3) AEEET L EHEROMEREE1~5 X
107/ nlofEEcT 250y, BIRRHEEEZEES N
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4) EkEEZRD (- 198 C) KEFESNE VB
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Study on Cryopreservation of Human Bone Marrow Cell 1 Determination of the Optimal
Condition for Hemopoietic Activity Chizuko Ishino, Department of Internal Medicine (1),
School of Medicine, Kanazawa University, Kanazawa 920, Japan. J. Juzen Med. Soc., 89, 816—
824 (1980).

Abstract I have determined an optimal condition for cryopreservation of the human marrow
by the use of colony forming unit in culture (CFU-C) assay to evaluate hemopoietic activity of
the frozen-thawed bone marrow cells. On the basis of CFU-C recovery, the results obtained are
as follows:
1. 10% DMSO showed the highest recovery of CFU-C among cryoprotective agents tested
including 5-15% DMSO or 5-15% glycerol.
Addition of serum such as 15% fetal calf serum significantly increased CFU-C recovery.
3. Cell concentration ranging from 1 X 107 to 5 X 107 /ml gave no effect on CFU-C recovery.
CFU-C recovery was decreased when the concentration was lower than 1 X 107 Jml.
4. Long-term up to 3 years storage of the marrow cells in liquied nitrogen maintained hemo-
poietic activity comparable to short-term (1 month) cryopreservation.
These observations provide a basis for effective storage of hemopoietic stem cells which can be
applied for clinical autologous bone marrow transplantation.




