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Dominant Appearance of Normal Hematopoietic Progenitors in the
Adherent Layer of Long-Term Marrow Culture in Chronic
Myelogenous Leukemia—An Effect of Interferon-«
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As an alternative treatment with allogeneic bone marrow transplantation, a possibility
of autologous stem cell transplantation for chronic myelogenous leukemia (CML) was studied.
The most critical problem in this study is how to purify normal stem cells from autologous
bone marrow or peripheral blood cells. Although normal stem cells are present in these
patients in chronic phase, absolute amount of these cells are very small and difficult to
detect by regular chromosome analysis. Concerning to a previous report, appearance of
Philadelphia chromosome (Ph) negative clones was observed after long-term marrow culture
(LTMC) of CML patients. Our previous studies had shown that addition of interferon—a
(IFNea) in LTMC preferentially decrease Ph cells. In the present study, we investigated
the frequencies of leukemic clones in suspending-and adherent-fraction of LTMC by reverse
transcriptional-polymerase chain reaction (RT-PCR) for bcrabl, CML specific and chromosome
analysis of a single progenitor derived colony. All colonies derived from suspending cells
presented either bcr-abl and Ph chromosome in both cultures with and without IFNea.
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In all 11 colonies derived from adherent-fraction of LTMC without IFN«a, bcr-abl was
detectable, whereas 2/2 CFU-mix and 3/11 CFU-GM were negative for bcr-abl from the

culture with IFNa.

Results from chromosome analysis of single colony was similar to

that by RT-PCR. These results indicate the possibility of application of LTMC with IFNe«

to eliminate leukemic clones from CML marrow cells, however, there remains a problem

that stem cell number decreases during LTMC with IFNea.

Our investigation of ex vivo

expansion for human hematopoietic stem cells is still experimental, and more progression

is necessary for clinical application.
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MEEBOBRFICHA b hA vpRBLbhA L5k
DR OVEED L ETHBH, T TS DERTHR
TAREERELLTED LR L5 k-TEYD, Zh
LOEAEL invivo BHECLBEERES LCER
TRTVWAEVD, —, HABSERERIEET T¥C
NHEFEINLINLOFA, P I VYERAVWAZEILD
EHRFEBL, UV VAREYAL b HA VHRINTHEE LI
[EE ) RA MR L BT 5 LAK B k&, ex
vivo BEE|IC L VAR Lol L ARBERER S h
TWhb.

BEMBMEORERTL, RETIFMCMi I
B M AHA VRPN BIETELLSICRYD, THh
¥ THIZHBEET & LTiRbh T CSF ## R
WEELTFOBE MBI, T, BNRAROR
BoOBBErECLh T B, ChboRBERY A
FAA YV OBERESOREI LHEONTHEVY. ¥4
NhA v OBEISHEOSHBOBES LT, AnBMas
ex vivo CAMEBL, IThEEBCSHET &0 HER
H5.

FOFHEO1-2LELT, T oCRREMEFHMED MR
(CML) oB#Mias BRisE® (LTMC) L, Phl 7
n—-vhEETLIL, AL IALEVCTHREHB
FEMATHED & 5 Dz THE L.

&S LOHE
1. EHBELIO CML BEL O~ vinER L
BRI % Ficoll-Hypaque HEMEEC L D58 L
B Lo BMH CML BRiMlo LTMC &, X
BOEF L 01T - LB EBERF OB EAEEOE L

WD RIF A A BB OMBICEE L R T - L2
HH, Ebr, ARFKEBHHICED 5 EREHBES
I L-bDTHE 2 L0, FNa H5\ L hydroxyurea
o & THREFRATV QMBS - BMOBELL D, EF
s Bbh AL DI L B AV,

2. LTMC % Dexter HDOHEEIZHE LYY, 107 @
FREEE Y 12.5 % 7 o REME (FBS), 12.5 ¥ &M
#%, 10-7M hydrocortisone i1 a-MEM T37C « 5
%T CO2 THELL. HERO /2% THBZHRL
7. IFNe (& 100 U/ml O®BE CHEERCHEmML, R
RRICAHR LT, 148 Bio iy & (8 ia s B L clo
nal culture %17 - 7:.

3. #MfM 2 o =—WA (clonal culture) it Iscove &
DFERICHELS 1.2 % methvlcellulose (1,500 cps,
Sigma), 30% FBS (Flow Lab.), 1% v vmE7 v
7 1 ¥ (Fraction V, Sigma), 5%X10-5 M2-mercapto-
ethanol, 5U/ml V2 E+ v b« & | erythropoietin
(Ep, Kirin), 20ng/ml V2 v+ ¥ k& b IL-3
(provided by Dr. Schulz, Germany), 10ng/ml Y
avEF v bk b GM-CSF (Hoexist Japan), 50 ng/ml
JaveFv b etk GCSF (Kirin), 50 ng/ml X
KB v b IL-6 (Torey) &I a-MEM & TfT - 7.
EEER (5%) - 5% CO2 HERICTI0~14AM%E
L, BT T Bk - Bk oo —— (CFU-GM),
HRFE A~ 2+ (BFU-E), #FHREEF2r=— (E-
mix) AL, CML #ITRELT OBRE Db«
D an=— (400~1,500 EMRESH) % Eppendorf &
oy b TR BB R L U reverse transcription-
polymerase chain reaction (RT-PCR) & & % Phl
so—yOBFEXFT-7.. RT-PCR #ic L a#E ok
WE4 D20 =—(% carrier RNA & LT 10 pg veast
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RNA #%#&1ilr 50 ¢l @ solution D (4M Guanidium
Thiocyanate, 25 mM Na-citrate pH7.0, 0.1 M 2-ME,
0.5 9% Na-sarkosyl) WWHEHEML, H#EE—70CHE
R LI

4. ber-abl BIEFOWREE, AGPC ¥ ik okl
L7z RNA »5 abl exon 2 OFFI L DT L7: antisense
primer al (5'-GCT TAG AGT GTT ATC TCC ACT
GGC-3") #hn% reverse transcriptase (RAV-2, Takara)
Xk cDNA &R L1, PCR M L7 senseprimer
if bcr exon bl, exon b2 DEFIL D @ primer b1
(5"-TGA CTA TGA GCG TGC AGA GTG G-3'),
b2 (5'-GGA GCT GCA GAT GCT GAC CAA C3'),
abl exon 2 @ al 5 f» 5 a2 (5'"-CAT ACA GTG
CAA CGA AAA GG-3'), a3 (5'-TCA GAC CCT GAG
GCT CAA AGT C-3") @ antisense primer %%t
L7z 1[EH PCR (bI-a2 [H), 2[BIH PCR (b2-a3 )
=k % nested PCR %17\, 7 Hu—2 « ¥ VERK
&) & ethidium bromide Ffaiz L 0¥ L.

5. HAMNBHREECKRFTIZER e BB MNC &
LWz h%H CD33, $1 HLA-DR B 7 n— v #ifk
BLUOTROE (FE) OB, |SEEnr1 rh(
VRIS D\ BRI T 6 AR #E CFU %l
E L.

& R

1. CML &% LTMC (C & 3 5Metimian ke
2BlOEME CML EEiMi% 2 :8H LTMC #o
ik - 2w = —FHEMieEU (Table 1, 2) IFNa 4
PRINT17~38% DAL - 18~58% ORIRMIIE TH -
fz. —J5 IFNe ¥in LTMC T, 13~21% DMk -
6 ~66% DHIBRMIE TH » 2. LTMC #it CFU-GM
DR RRE (, BFU-E RBEAC S - o &5
R 23 7eps - 1o by, CFU-mix (2Bl < M
ERAHEATS 7.
2. PCR %K% in vitro colony @ ber-abl
transceript OELEH
10 g veast RNA % carrier RNA & L7z RT-PCR
it 400~1,000 OB, b a o =—0 ber-abl
transcript *BHET 5O+ SERETH 7. LTMC
FOBHA» SR E N 1o =—{33 T 200bp @
PCR E#yhii &h (Fig. 1A), & A & ORIEKM
Bt CML 7o vt 52 EnBbaishiz., LTMC
#izix CFU-mix OB P < CFU-mix & CFU-
GM & 0#E Lo, IFNa #7I0 LTMC A%
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it 1 >0 CFU-mix (#3) T ber-abl H¥aHiT & fe
Mot RTH -0 L (Fig. 1B-1), [FNa #
n LTMC &M Tl CFU-mix (2/2) - CFU-GM
(4/12) T berabl HEMTH -7 (Fig. 1B-3). Th
5O ber-abl [EME 7 o= —I% false negative ¥ BHET
A%, IE# abl transcript 122>V T OB 1T - 72,
IFNe fEFRINA EMBER CFU-mix #3 - IFNa ¥R0
fHEMBEE CFU-GM #6 TILIEH abl pidHTx
¥, ber-abl [EMEZ false negative & E 2 b, Z D
i3~ TIEHR abl 2D, borabl HFio i VWIER
clone ThhHEELBNI, —F, BEMECHEEST S
CFU-GM @ RT-PCR Ti# (Fig. 1B-2, 1B4) €T
7 CFU-GM T berabl transcripts & Ehtz. 4
ftht, IFNe RN LTMC T AEHRe & EEH
Aoz & IEH AR A T 2 M - 7ok L, IFNe
7 LTMC Tk E#IR® CFU-mix @ 2/2, CFU-
GM @ 3/11 7 ber-abl B TEHBIRME L E 2 Hh
oo 1Bl v, LTMC BIc ERETER Mgk o
o= - bhich -7 (Fig. 2).
3. CML & LTMC %(CBHF L7 stem cell
DEBEIHT

FEF 2 TidfEe D oo = — ORI & LB AT -
2. BETIOED CFU-GM %29 HFHBEF L1,
5~6@0an=—THITFTELSBEBRAYRDLOHRT
BHote. TOFTO Phl FEEAERIE PCR ICL 5
Wit & ARk, IFNa #00 LTMC T 6/10 (7R 2/5,
BN 4/5) & Phl REMENEHE - TcoXt L,
IFNa E#R00 LTMC Tk 1/10 (i 0/6, 13540
fa1/4) © Phl BeEREM L h - DAHTH - T

4. in vitro culture (T4 BiEMmEMRDIEIE

FEe M EMNRTF2EA G b TEEHMRORE
b, 2.5x 104 EOBHEEERY BES 5 VIEERKD
HMRTFEZELEHE T 6 AMWERELT > BT
W, BEoORT T IL-3 SR LED THEBICL DA
i~ 2 2 iins ¢, xbiwohie IL-6 #4
B 52 L T4 EEEMmE e (Table 3). Zofl
1z, IL-3 - GM—CSF « G-CSF O#&+ic & » BBk
DHEESE AT DT, &5, CD33 kLU HLA-DR
Bo— ks L URELEIC LY lineagepositive #l
FazB o, IL-3 503 IL-3+IL-6 #FHmL T
BETLE, A Mh A VERNEHE 2 o =R
PEHITE ooy, IL-3 BL0O IL-6 OFRnEEE
k) BIERMAR IR S s
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Table 1 Numbers of hemopoietic progenitors before and
after LTMC with or without IFNea in patient-1

+IFNa NCC(yield) colonies(/2x 104 cells)
IFNe(U/ml)  (x106) (%) GM  BFU-E  E-mix (ygga}%)
LTMC & 10.0(100) 80 21 4 105(100)
LTMC #
non-adherent cells
0 1.5(15) 110 8 0 118(17)
100 1.2(12) 52 4 0 55(6)
adherent cells
0 0.2(2) 51 10 1 62(1)
100 0.1(1) 20 4 1 24(0.2)

Patient-1 had been treated with hydroxyurea, and was in
hematological remission with normal blood cell counts. Chromsomal
analysis of the marrow showed 100 % (20/20) Phl chromosome. Marrow
MNC were cultured both in LTMC and in methylcellulose culture.
Total number of adherent and non-adherent cells after LTMC decreased
to 17% without IFNa and 13% with IFNa. Numbers of hemopoietic
progenitors decreased more with IFNa than without IFNa in LTMC.
Multipotential progenitors (E-mix) were only observed in the adherent
fraction.

Table 2 Hemopoietic progenitors before and after LTMC
with or without IFNe in patient-2

+IFNa NCC(yield) colonies (/5% 103 cells)
IFNa(U/ml)  (x106) (%) GM  BFU-E  E-mix (ygga}%)
LTMC 37 30.0(100) 10 8 1 19(100)
LTMC #
non-adherent cells
0 10.1(33) 16 0 0 16(28)
100 5.7(19) 40 0 1 47(47)
adherent cells
0 1.6(5) 77 33 4 113(30)
100 0.7(2) 158 21 8 180(19)

Patient—-2 was treated with hydroxyurea and in partial remission
at this study. Total number of adherent and non-adherent cells after
LTMC decreased to 38% without IFNa and 21% with IFNa. Decrease
in the numbers of hemopoietic progenitors was more without IFNa
than with IFNea in LTMC in this case. More E-mix were observed
in the adherent fraction.
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mixed colonies

GM- colonies
2 3 456 7 8 910

Fig. 1 PCR analysis of single hemopoietic colonies before and after
LTMC in patient-1.

A @ Nested PCR analysis for ber/abl of 10 E-mix colonies from
marrow culture of patient-1 before LTMC. All mixed progenitors
were positive for ber/abl transcript. B : PCR study of hemopoietic
colonies from non-adherent and adherent cells after LTMC with or
without IFNe«. E-mix and GM-colonies derived from adherent cells
(B-1) and non-adherent cells (B-2) from LTMC without IFNea,
adherent cells (B-3) and non-adherent cells (B-4) from LTMC with
IFNe were picked and analyzed for ber/abl transcript. Complementary
DNA from bcr/abl negative colonies were also amplified with normal
abl primers. The ber/abl negative E-mix colony in B-1 (lane mix-2)
and GM-colony in B-3 (GM-colony #6) were negative for abl
transcript, and these were false negative for bcr/abl. ber/abl negative
colonies were only detected in B-3 (mix—1, 2 and GM-1, 4, 5, 7,
9, 12). Because Southern blot-hybridization with 5322 probe showed
faint bands in GM-4, 5, 7, 9, and this indicated the possibility that
these 4 colonies were ber/abl positive. Quantitative analysis of bcr/abl
and bcr/abl should be necessary to exclude contamination of ber/abl
positive cells in bc¢r/abl negative colonies.
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Fig. 2 ber/abl transcript in single E-mix colony from the cells in adherent
fraction after LTMC in patient-2.

Marrow cells were cultured as Table 2. E-mix colonies were picked from
MTC culture of adherent cells of LTMC with IFNa. All 10 E-mix colonies
were positive for ber/abl transcript. In this case, LTMC with IFNa was
not effective to reduce Rhl positive clones.

Table 3 Stem Cell Amplification by Several Hemopoietic
Growth Factors

Growth Factors in Colonies(/5% 103 BM-MNC)
Suspension Culture GM BFU-E E-mix Total
before 21 9 2 32
after
none 13 4 0 16
G-CSF 22 0 24
IL-6 13 0 14
GM~CSF 30 3 2 35
IL-3 70 15 4 89
IL-3+1L-6 124 17 7 147
IL-3+G-CSF 69 21 5 95
IL-3+GM-CSF+11.-6 109 27 7 147
IL-3+GM-CSF+G~CSF 99 32 13 138

Table 4 Effect of liquid culture on hemo-
poietic progenitors

liquid culture GM BFU-E E-mix Total

- 1 2 0 3
IL-3 22 6 1 29
IL-3+IL-6 74 49 23 146

CD33 and HLA-DR negative marrow cells were
cultured for 4 days with or without growth factors
and plated in semi-solid methylcellulose medium.
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CML (3180 B B i pt o B kT, 184
Bl Tk B iR B R oo 1 MERRS N4 R L HEH R
B PUESR I TEBRELB L L TE RS L
L, @& AEOREGIT A « 5 FEOBEKIRIMBHIADHEE
PRI T 4 B B IR AROIRRE A R T S L & A B
A d o7 CML T, BB X - Tk —Fd
BERAELIENTEELO0, FEBICISIEEREIN &
D, BEE2FLUPNCERS LV IEEBAC L0
5. SO TFERRO MR T EEERBM
BOER LR A G & e 0, 1B HEE CML ikt
T AL T0% L EOBBEEN G S T A8, L
L, THEFF—2R Yy 7 FF—nRonbinunBe,
BHEHOSHHE (BEYE - GVHD &) iz bhte
WEE B TN S B L.

EfEEFHBEC b 2#k L LT, BOOSMEMA
fa (E#EH L ViEMMiEX) *BFELTHE, BAXE
LR T 2 HEAFEE T 59 CML I
B4 - OnRBEOBBES L LT, BF L-ESENE
Hiles s CML 7 o— v &R EDPRE LS THD.
CML oF#iit Phl BEMEEFSHME 7 72— v it
Pl T, TH7o—vidENCRED bR LIT &,
FCiE® s h, IFNa EBEAEDIGES T EEE0 Phl
BEEOBERIMET L, EHEEEAEF & EE
IEEFER T4 L0855, ZOBHOBH
ARFELARBHMICHVL 8B L LRLE, O
FFEBNE — - FEDBITTH 5 2 & h 58, EiMmeE
SR LE L EE VAo, 2T, IFNa #BHEETH
FEEFIERNE S e W IERIIO B b s
Th B EHEMSMEE D8 RET 52NN EE K
5.

Feirohgviz, CML B & BB %
B ad LT, BEWES LOENOMMIZL S CML
Mo BEELHE (purging) 78 EF BB LB L
MWD ECC L AR L, BERBHEAOILHOTREM%
REELTERW, —7, Colombel »'2 (3 CML TH
BifRAEE (LTMC) #5275 & Phl 70— v hij
P BECOBIER LB L DR LT & ZOHEDOE
KRIGHEBET 2 8ETIY, BELOERLLEEZ10
ARMEREEFREHMBE AT - 0p, —@tkic Phl &
Mro—voHBEARLOLTRPER L. T4ab
¥, CML 7 o— v Ok 8k s LTMC QLTI
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RHoThHn, BEEANC Phl 70— v &< ke
REUATRTHFBHMBHORD IR - E 2t e
o hE T, IFNa 2N LI LTMC 2415 2 &0
£ 0, Phl BB EOB LI BEShE Z L 2BELT

/0 RBFFECIE, ¥ 51 LTMC w4 54
B & 1P RE & 2 e S LRSI, s an=—%
Bl & i geta kYT, PCR 1 X A ber-abl transcript %
a4 s 2 bk, EMATERAR O FICIEREo -
At s o LT EL. CofEM»S, B LTMC
BT 5 OACIE Phl B 7 o — v oSt EEcH 5
B, IFNa %R 5 2L k) LTMC © Phl Bt
ro—vEREPEXELZENAELEbRT.

LTMC ik 2 &M omEls, Robsmeg
HilaosfF L HOEE, Soi, FlllRcsthse
b LS MBI OSIR L 5 5 2 L mb T
WAY, SEIOBETTHE, [FNa 280 TfT -7 LTMC
O EMEB I L h% <o Phl ks o—vp
FAELTED, IFNa #1252 &0 ko ko (biEmg
iAo v~ Tt Lo B Phl 7 o— v purging
BTl EARBE N, SEIOFEYAREHR
ISR 2o id, BEPEdToMiaoBEx /RS
T OEBRREOHENLETH L LA, Rk
BB ex vivo expansion WILEL XN G, <
v AT IL-3 & L6 O L o BETERED
BHRSAENT A2 A REIRTHLAY, Heile
AR BV TEBROBRFE LT o, IL-3+IL-6 B
Lyt IL-3+GM-CSF +IL-6 i= £ » CFU-mix %
Gty o o= — MO E RS . Fi, CD33-,
HLA-DR-RSGEMIZ 5T d IL-3 L0 IL-6 #)
Bz kb CFU-mix # & 2 o=~ Mg %
Rl B E LR 16 Ve 7 2—RB Xt IL-
6 B LS gpl30 Ry 7V F AREDEENME LU
SCF OB £ 2 R EMBROHMBEOHE L &
hTEE, EmBMEEEOE TL ex vivo HFED
ERICH IR SN D,

LA RS T BRI RAICHE L CML B
MmHO Phl 70— v ORREORRENI > XA Loy,
Foriz—7, BEFOHEME L L5 EEMEOER
b2 B+ HELHRFTTH LY. BCOEREMmME
MR A L, ex vivo expansion D HELXFETT A 2
LItk h, CML O Ly A CEM#HMAa B LE
FEnA,
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