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Application of Autologous BMT to Cancer Treatment
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Ex Vivo Marrow Purging by Hyperthermia:
Simulation Experiments for Autclogous Bone
Marrow Transplantation.

Yoshiaki MORIYAMA, Kinji KISHI, Takao GOTO and
Shigeo HASHIMOTOQO

First Department of Internal Medicine,
Niigata University School of Medicine, Niigata

In order to apply a simple purging method by heat to autologous bone marrow
transplantation (ABMT), we have revaluated the ability to purge clonogenic leukemic cells
from the simulated marrow mixture of normal marrow cells and leukemic cell lines (HLG0,
Molt-3 and HEL) in vitro by heat, using two different clonogenic assays for normal
granulocyte-macrophage progenitors (CFU~-GM) and leukemic cell lines. The cytotoxic
effect of cryopreservation on heat-treated normal marrow cells in vitro was also examined. It
appeared that in vitro hyperthermia (42°C for 120 min) is able to selectively remove clonogenic
leukemic cells from simulated tumor cell-normal marrow mixtures even when leukemic
cell concentrations are increased up to 3X 108 cells/ml in vitro, and results in a 4-to—6
log destruction of clonogenic leukemic cells/ml according to a limiting dilution assay, while
leaving half of normal CFU-GM surviving. The hyperthermic purging of clonogenic leukemic
cells was not affected in the presence of normal marrow cells in vitro. This high level
of clonogenic leukemic cell depletion by heat correlated with that of immunologic and
pharmacologic studies. In addition, treatment of normal or remission marrow cells with
hyperthermia did not significantly change the growth of CFU-GM after cryopreservation,
and the percentage recovery of CFU-GM ranged from 34 to 79 % . These results suggest
that in vitro hyperthermia could be applied effectively and safely for the elimination of
residual clonogenic leukemic cells in autologous marrow grafts before ABMT.

Key words: Hyperthermia, Ex vivo purging, clonogenic tumor cell, limiting dilution assay,
cryopreservation
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HEBMBE (BMT) REEIELan, BENE
BOREEEL LTER L2260 50, HICMBEEET
HEZE BMT 0B AOMBRERATHS. +OER
DE—IL, host OFEFFEE (minimal residual disease,
MRD) &, $H2EFK BMT HCHR LB
CRHM) RcBAT2BEBMRTHD. JiELEE BMT
LEELTOABETH LA, —F, BHEITZHF BMT
BEHEOMETH 3.

BE BMT fik, BABESMEEEHE (purging)
TAHIED, TOROERLDTFRCEBETHH Z EH,
BT, BRANCE AL, BABBSBEOVHG 3
H A& (ex vivo purging) W4 O FES
B EhTw5Y,

HILT A MRHRAR S BB T2 LR RIHLY,
& & 5 marrow purging #4510 BEEMIC
BECIGALY 22 L %EY LTwbp, 46, E
HEEMIR I S OBE A IMRRAEA L TOHE,
BHNAECRETELNE,Y I ab—y 3 VERET -
7.

V7l *

1 ‘w2 EmoakiRfkok (HEL & HL-
60) & TV v K% (Molt-3) % /o,

2) Bl S EEEESHOERS 5550 L 4,000
oGy B LA TEHEHME (MNC: 107#/ml) @
AR 5% 105, 1x108, 3x10% & L1 5x10%/ml (BO
H20:1, 10:1, 10:3, 10:50k) #EA&L, MmF
ZaE o RPMI-1640 S gL, 42CoERM
(+0.1T) T 0~1205 iR L 1=

3) Limiting dilution assay : BVLEHE, &4 v 7
A EEREIC 5105 b 6 0.5 Ml ¥ TI0MIR L, 10
9% FBS i1 PRMI-1640 # 100 z#l %9677 microculture
well CH L, 4BM37CCREBE LI, BEHWIZ3I~4
A ac Lie, & LTRSS O & OBRRRIITRD
B Ed (alornothing), E7EMECHEL
7»\:13)!

4) & F CFU-GM assay : [E% & tESH OFRIER
—= s a7 r—RKHEME (CFU-GM) XEFE#HY
OBRFERET, 20=—HEAF GM-CSF 100 ng/ml
an LlE L.

5) MREOWE « B - BLBHROER R L UERA
OFEMEYEROZ L P, 10% FBS £ L010%

DMSO 1l RPMI-1640 % T—196 CIo 7 L, fmk
D CFU-GM DEFRE M0 BIR A B L.

X T

143, AMFEMbakk (HEL, Molt-3, HL-60) &
IE® CFU-GM ©42ChnfRic & 2 B MMiazh & e L
O THLH, [EH CFU-GM i, 42T 120 5o
BT 0.4log BE L/ Laxvoics L, BIFEH
Bz 4~6log &F L <P L. BMFEAIIORR O B
FHT HL-60>Molt-3>HEL DJETH - 7.
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Fig. 1 A comparison between the thermal se-
nsitivity of normal CFU-GM () and
clonogenic HEL (&), Molt-3 (@) and
HL60 (B@) cells in vitro at 42°C. The
survival of CFU-GM was estimated as
the ratio of colony counts at each point
to the count at 0 time. The growth of
clonogenic leukemic cell lines was assayed
according to a limiting dilution assay to
measure log depletion of tumor cells in
vitro. Bars (n=6), SD! number of
colonies at room temperature (controls):
CFU-GM, 164+30/1x10° MNC. Signif-
icant difference between CFU-GM and
all leukemic cell lines at all temperatures
studied, and between HEL cells and HL60
cells, respectively. * p<0.001, *¥* p<
0.005.
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i, B4 (42C) cAMFMEs & oRERBE
Mg Eh Tt TbBRELY 20GnEE L. 2
T IFHEB MNC (irradiated) & HL60 DES (1:0,
2001, 10:1, 10:3, BIUI0:50%k) EBRTH
A0, HL60 o, EHEHMhorEcEEshT, In
R& el (4~6 log) L1z, —K, iIEH CFU-GM
¥, HL-60 #ifa (irradiated) #10:3 ¥ TERELTH,
HEOHVRBD LRk -hd, 10: 50 E0RAET
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Fig. 2 Elimination of clonogenic HL60 cells (E&)
from simulated marrow cell mixtures (@,
B in vitro by heat exposure at 42C for
120 min. Clonogenic HL60 cells (0, 5
X 10°, 10%, 3x10° and 5% 10%/ml) were
added to irradiated normal marrow cells
(10"/ml) and cultured in vitro after heat
exposure for a limiting dilution assay
((l), whereas irradiated HL60 cells
(0, 5%10°%, 10%, 3x10% and 5% 10%/ml)
were also added to normal marrow cells
and prepared for the CFU-GM assay ().
Bars (n=5), SD. —(—, normal marrow
cells alone; —HE—, HL60 cells alone;
------ , normal and HL60 cell mixture

(20:1); ———, normal and HL60 cell
mixture (10:1); —+—, normal and HL60
mixture (10:3); ———— , normal and HLG0

cell mixture (10:5), respectively, * Sig-
nificanty (p<0.005) reduced as compared
with normal marrow cells alone.

FHEE (p<0.005) i Lz, REEOEER Molt-3
BEU HEL chEEans: GUEEW)™. ¥, 4,000
Gy BHIL L - T, WTFho#ifd 2 v = —THEEL
F=3 S0 I A

F 11k, EEBICERFAOBHMARLBNE (42
T, 60~1205) L, WERFL, TOEMELT, E
# CFU-GM O4fFR &4 MNC OEERZHRE Lz
LOTHD., HEE - ROE, Sk COBRFCLY, £
Fa¥ s LT#B34% % -7 oD, CFU-GM 32 fT4&
fFnihbh, TOEUSL 34~79% TH - 1.

% =

&, Gorin 5V i3 AML (mafosfamide #L3) T,
%7 Gribben HY BV v & (£/ 7 nF—
A EEAE) T, BE BMT kit 3 ex vivo
purging OEEWZIEH L T\ 5. BEEMEROSE4
iy, a0 HERBRINTVLA0Y, ERICHE
KIGA S FEr, ©/ 0 0F— A Hiikns, £
R & 508, RER#EE, CD34 Bl & o
positive selection , & bLIZRLIEABERE L 7 BVAFR L 7x
ETHbH.

#HE (hynerthermia) & X% purging X#® T
fEECH LA LY, BEMROBREDRI, 42T,
60~120 7 OINRT, ml %49 4~6 log T, Gribben
LB oE /s u - HiEERENE (3 cycles) R
BoPBERNEE L 2RECEBRT 500 THS. 4§
El, EEERMEc sy RE L, BRRCER
RO BEEAMBE Lty 3 2 b—v 5 vEBRTL, 4~6log
OEEMBEORENEES R, PoMEEYRITES
BHBOEETCLEE I AL . L, $BD
HUFEMROBEA (105 ik 5x105@/ml) ZIEH
CFU-GM 8 r 52, Th2BEBCME L. #-
T, BAEOLW LS purging ORI, EREHH
B BEMBOEMNI0: 5BELELLRDW,

—77, BB E RS R RS SR o SRR T
BEEhHTHELAY, ERKLIOERFO CFU-GM
X3 AR - FEROBE LR Lok, WK, M
EHEHEHOBRT, £ MNC & LTH3M%BEL -
fcb DD, CFU-GM DEIREI34~79% T, EEEOH
® BMT <it, 2fi#Emoafs@EgshTn5. &
i, BSOBIIC L% purging #%E3 L7c Herrmann
5HOWME® T, CFU-GM DOERZEIIS0% L FTH
0, BRI LB purging ORLSMHRER SN T 5.

PLE, 8w X5 purging T, BHMFMRDO LT
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Table 1 Effect of heat exposure (427C for 60~120 min) and cryopreservation on colony forming
ability and survival of CFU-GM in normal and remission marrow cells.

Before ; .
Patients* FAB cryopreservation Dfuration After Cryopreservation
at remission diagnosis CFU-GM E)mgflrtahgss TMNC CFU-GM % recovery**
per 10° MNC recovery (%) | per 10° MNC of CFU-GM
E.K. M2 78 2.0 52.0 52 34.6
H.S. M1 56 3.5 83.0 53 78.6
Y.W. M1 130 6.0 74.6 83 47.6
H.T.# M2 44 6.0 46.1 36 37.7
K.H. L2 106 9.0 58.9 98 54.4
Y.S. § L2 81 42.0 76.4 63 59.4
Normal (n=4)| (mean+SD) 98+23 3.2 65.4 89+19 60.2
(range) (1-6) (50-81) (39-80)

Abbreviation: FAB, French-American-British.

TMNC, total marrow mononuclear cells.
* All marrow cells treated with hyperthermia (42°C) were cultured before and after cryoperservation.

sk
cryopreservation) X % TMNC recovery.

(Number of CFU-GM (10° MNC) after cryopreservation/number of CFU-GM (10° MNC) before

# Remission marrow cells treated with combined hyperthermia (427C) and procaine HCl (2mM) before

cryopreservation

§ Remission marrow cells treated with combined hyperthermia (42°C) and interferon-e (100 U/ml) before

cryopreservation.

54, B-cell lymphoma % &%V, ml MY 4~6log
BERETZLNTAETHE. 5K, FEOY I
L— a2 VERDMS, flz, 0% BEBEBMENEAL
TWTh, *O purging B ST

® b Y I
REME I BRELBE T, BBEOTHY, TLEEE
mEMaORE L EE (0.4 log BE) T, hoBFRE
Homt bt Evbh, BECBERISHTEL4L0
FELLNS.
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