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Persistence of Multipotent Progenitors Expressing AMLJ/ETO Transcripts in 
Long-Term Remission Patients With t(8; 21) Acute Myelogenous Leukemia 

By Toshihiro Miyamoto, Koji Nagafuji, Koichi Akashi, Mine Harada, Taiichi Kyo, Tomoyuki Akashi, Katsuto Takenaka, 

Shin-ichi Mizuno, Hisashi Gonda, Takashi Okamura, Hiroo Dohy, and Yoshiyuki Niho 

The leukemia-specific AML 1/ETO fusion gene has been 

shown to be detected by reverse transcriptase polymerase 

chain reaction (RT-PCR) analysis in patients with t(8;21) 

acute myelogenous leukemia (AML) in long-term remission. 

In the present study, the AML 1/ETO mRNA could be de­

tected by RT-PCR in bone marrow (BM) and/or peripheral 

blood (PB) samples from all 18 patients who had been main­

taining complete remission for 12 to 150 months (median, 

45 months) following chemotherapy or PB stem cell trans­

plantation (PBSCTL whereas it could not be detected in four 

patients who had been maintaining remission for more than 

30 months following allogeneic BM transplantation (BMT). 

We surveyed the expression of AML 1/ETO mRNA in clono­

genic progenitors from BM in these cases. Notably, 51 of 

2,469 colonies from clonogenic progenitors (2. 1 %) expressed 

the AML 1/ETO mRNA in 18 cases who were RT-PCR+ in BM 

and/or PB samples. Expression was observed in various clo­

nogenic progenitors, including granulocyte-macrophage col-

T
HE H:�l translocation lt(!S:21) (q22;q22)1 i. on of the 

most frequent chromosomal abnormalities found in 
acute myelogenous leukemia ( ML). especially in the AML­
M2 subtype of the French- merican-Briti h (FAB) clas. ifi­
cation.12 The leukemogene. is of t( :21) AML ha been a�­
cribeu to the production of a chimeric protein produced 
by fusion genes involving AMLI at 11 q12 and ETO 
at 8q22.' h Reverse transcriptase 1 olymerase chain reaction 
(RT-PCR) analysis has demonstrated the ability to detect 
AMLIIETO fusion transcript in patients with t( :21) AML.'.x 

The 8:21 translocation usually predicts a good re pon ·e 
to chemotherapy, with a high remic. ion rate and relati ly 
long median survival.'l.IO However. we and other in estiga­
t rs also have demon. trated positi e result. of minimal re ·id­
ual disease (MRD) from RT-P R analysis of t(8: 11) ML 
patients who remain in hematologic and cytogenetic long­
term remission after chemotherapy alone or autologous bone 
marrow transplantation (BMT) or peripheral blood stem cell 
transplantation (PBSCT).11 Ir• We ha e previously reported 
that the amount or AMLJ/c'TO mRN in BM and PB. am­
pies gradually decreased with successi e cycles of chemo­
therapy when evaluat d by a quantitative RT-PCR assay. ' 1 

Interestingly, in our experi nee when the 1uantity of AMLJ/ 
ETO mR A has dccrcas d to th lo\ er limit of the quantita­
tive scale, it is still detectable in a qualitativ RT-PCR s s­
t m.11 This situation is of interest if clinical .. cure·· repre­
sents eradication of th' leukemic cell population. including 
leuken1ic stem cells. However. results of MRD studies in 
acute promyclocytic lcukemi<t ( PL) with t( 15; 17) have 
been reported to he consistent with this concept or leuk mia 
eradication by therapy. A chimeric mR of PMURARo: 
produced by this translocation \VaS unuetcctablc in remission 
by RT-PCR,171'J and pluripotent stem cells in t(\5; 17) APL 
were reported not to lx: affected by this translocation.:>o 

In the present study. we analyze a larger number of cases 
and again show that the AMLI/ETO mRNA can be detected 
by RT-PCR in all patients who remain in complete remission 
following chemotherapy or PBSCT. To characterize the re-
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onies, mixed colonies, erythroid colonies, and megakaryo­

cyte colonies. Furthermore, we analyzed the clonality of 

these progenitors by X-chromosome inactivation patterns 

of the phosphoglycerate kinase (PGK) gene in four female 

patients. The AML 1 /ETO mRNA + progenitors showed the 

PGK allele identical to that detected in the leukemic blasts 

from the time of initial diagnosis. Normal constitutive hema­

topoiesis was sustained by polyclonal BM reconstitution in 

these patients. Accordingly, these committed progenitor 

cells that express AML 1/ETO mRNA during remission likely 

have arisen from common t(8;21)+ pluripotent progenitor 

cells with at least trilineage differentiation potential. These 

data strongly suggest that the origin of the clonogenic leuke­

mic progenitors of t(8;21) AML may be multipotent hemato­

poietic progenitors that acquired the t(8;21) chromosomal 

abnormality. 

© 1996 by The American Society of Hematology. 

idual AMLI/ETO mR A-positive celL· in remi. sion. we 
analyzed the pre ence of thi mR A in individual clone­
genic progenitor colonie derived from remission man·ow 
by a two-step nested RT-PCR. We found that the AMLJ/ 
ETO mR A-positive colonies in remission include various 
trilineage clonogenic progenitors. uch a. granulocyte-mac­
rophage colony. mixed colony. erythroid colony. and mega­
kar ocyte colony. These AMLJIETO mR A-po itive pro­
g nitors and de no o leukemic blasts at initial diagnosi were 
found to be clonal in origin based on X-linked chromosomal 
inactivation mo. aicism of the phosphoglycerate kinase 
(PGK) gene in four female patients. This i the fir t evidence 
that the t( :11) chromo omal abnormality involves multipo­
tent hematopoietic progenitors. 

MATERIALS AND METHODS 

Pmienrs. This :tud included I 0 female and 12 male patients 

with t(8: 21) ML who had been maintaining lonc-ten11 hematologic 

r mission lr mission duration, 12 to 150 month·: median. -l-5 
momhs). In all case , cytogenetic analysis showed a normal karyo-
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Table 1. Clinical Characteristics of Patients With t(8;211 AML 

Patient 
Interval From 

No. Age/Sex FAB Treatment Clinical Status Duration of CR (mo) PBSCT/AIIoBMT (mo) 

1(a)* 47/M M2 PBSCT 1st CCR 15 11 
(b) 1st CCR 27 23 

2(a)* 33/F M2 PBSCT 1st CCR 49 44 
(b) 1st CCR 60 55 

3 35/F M2 CHT 1st CCR 45 
4 31/M M2 PBSCT 2nd CCR 36 30 
5 57/M M2 CHT 1st CCR 28 
6 21/F M2 PBSCT 1st CCR 38 31 
7 37/F M2 CHT 2nd CCR 12 
8 19/M M1 CHT 1st CCR 49 
9 53/F M2 CHT 1st CCR 50 

10 52/F M2 CHT 1st CCR 37 
11 20/M M2 CHT 1st CCR 80 
12 28/F M2 CHT 1st CCR 30 
13 25/F M2 CHT 1st CCR 17 
14 31/M M2 CHT 1st CCR 124 
15 62/M M2 CHT 2nd CCR 18 
16 41/F M1 CHT 1st CCR 34 
17 54/M M2 CHT 1st CCR 150 
18 52/M M2 CHT 1st CCR 88 
19 28/M M4 AlloBMT 1st CCR 74 36 
20 29/M M2 AlloBMT 1st CCR 34 28 
21 45/F M2 AlloBMT 1st CCR 31 20 
22 20/M M2 AlloBMT 1st CCR 30 17 

Abbreviations: CHT, chemotherapy; PBSCT, peripheral blood stem cell transplantation; Allo BMT, allogeneic bone marrow transplantation; 
CCR, continuous complete remission. 

*Samples were obtained twice from patient no. 1 (a and bl and no. 2 (a and b) at different times. 

type after they had achieved complete remi ·ion. Clinical character­
istic of the e patient are listed in Table I. Fourteen patient were 
treated by chemotherapy alone, and four patients underwent PBSCT 
according to the protocol previou ly reported1t.21·22 The remaining 
four patients underwent allogeneic BMT. Five healthy volunteers 
were included a normal controls. [nformed consent was obtained 
from all patients. 

Preparation of CD34+ cells for clonogenic progenitor assays. 
PB mononuclear cells (PBMNCs) and BM mononuclear cells 
(BMMNCs) were i alated by FicoJl-Hypaque density gradient cen­
trifugation. BMM Cs were suspended in I cove's modified Dulbec­
co's medium (lMDM; GIBCO, Grand lsland, NY) with l 0% fetal 
calf serum (FCS; ICN Biochemical , Osaka, Japan) and incubated 
for 2 hour in a Petri dish to deplete adherent cells. CD34+ cells 
were isolated by positive selection with the usc of CD34-conjugated 
immunomagnetic beads (Dynabeads M-450 CD34; Dynal AS, 0 ·to, 
Norway) to focus on more purified hematopoietic colony-forming 
cells and avoid picking noncolony forming cells.B Briefly, these 
nonadherent BMMNCs were incubated with CD34-conjugated im­
munomagnetic beads for l hour at 4°C with gentle rotation, and 
CD34 � cell were collected with a magnet (MPC- l; Dynal AS). 
CD34-conjugated immunomagnetic beads were released by incuba­
tion with a goat antimou<;e-Fab polyclonal antibody (DETACHa­
BEADS; Dynal AS) at room temperature for 1 hour with gentle 
rotation. More than 90% of these isolated cells expressed CD34 
when analyzed by flow cytometry (data not shown). 

In vitro assays of hematopoietic progenitors. Clonogenic pro­
genitor assays were performed by using the methylcellulose culture 
system24 with minor modifications. Five hundred CD34+ cell were 
cultured in a l-mL volume of lMDM supplemented with 30% FCS, 
50 ng of recombinant human interleukin-3 (rhJL-3, Kirin Brewery 
Company, Tokyo, Japan), 50 ng of rh-stem cell factor (SCF, Kirin 

Brewery Co), 10 ng of rhlL-6 (Kirin Brewery Co), 10 ng of rh­
granulocyte-macrophage colony-stimulating factor (GM-CSF: Kirin 
Brewery Co), 10 ng of rh-granulocyte CSF (Kirin Brewery Co). 
3 U of rh-erythropoietin (Kirin Brewery Co), 5 X I 0 5 mol/L 2-
mercaptoethanol (2-ME), and 0.88% methylcellulo e. They were 
incubated at 37°C under a humidified atmo phere with 5% 02 and 
5% C02 in 35-mm culture dishes ( unc 17 1099, Naperville. IL). 
At 14 days, colonies were enumerated as colony-forming unit-granu­
locyte/macrophage (CFU-GM), bur t-forming unit-erythroid (BFU­
E), and CFU-mixed cell (CFU-Mix) under an inve1ted micro cope. 

Megakaryocyte colony assay was performed with a erum-free 
culture method as described previously.25•26 Briefly, 500 CD34+ cells 
were cultured in a 1-mL volume of serum-free medium (Ajinomoto 
serum free medium l 04; Ajinomoto Co, Yokohama, Japan) con­
taining 200 ,ug/mL transferrin (Sigma Chemical Co, St Louis, MO) 

aturated with FeCI3, I% deionized bovine serum albumin (BSA; 
Sigma Chemical Co), 5 X I 0 5 mol/L 2-ME, I 0 ng of rh-thrombo­
poietin (Kirin Brewery Co), I 0 ng of rhSCF, and 0.88% methylcellu­
lo e. After 14 days of culture, colonies containing more than 10 
megakaryocytes were enumerated as CFU-megakaryocytes ( FU­
Mk) under an inverted microscope. 

The mean numbers of CFU-GM, CFU-Mix, BFU-E, and FU­
Mk were 19.8 2: 2.9, 3.5 2: 1.0, 2 1.8 2: 2.9, and 14.9 2: 2.6. They 
did not significantly differ between patients and normal control . 
These colonies were individually picked up by using fine drawn-out 
Pasteur pipettes and processed for molecular analysis. 

RNA isolation and RT-PCR analysis. Total RNA was extracted 
from PBMNCs, BMM C , and each colony with 4 1-1g of carrier 
R A (MS2 phage RNA, Boehringer Mannheim, Germany) by the 
acid guanidine/phenol/chloroform method.27 

Reverse transcription and double-amp! i A cation PCR were per­
formed with a commercial RNA PCR kit (Perkin Elmer Cetus, Nor-
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Table 2. Oligonucleotides Used for the RT-PCR Analysis 

Origin Oligonucleotide Sequences Size (bp) of RT-PCR Product 

AML 1 external sense 

ETO external antisense 

AML 1 internal sense 

5' -GAGGGAAAAGCTTCACTCTG-3' 

5'-TCGGGTGAAATGTCA TTGCC-3' 448 

ETO internal antisense 

Myeloperoxidase sense 

Myeloperoxidase antisense 

{3-globin sense 

5' -GCCACCTACCACAGAGCCATCAAA-3' 

5'-GTGCCATTAGTTAACGTTGTCGGT-3' 

5' -GT ATGACGGAGGCTTCTCTC-3' 

200 

5' -CAGTTGACGCCAGTGACGAA-3' 237 

5' -ACACAACTGTGTTCACTAGC-3' 

/3-globin antisense 5' -AGTGATGGGCCAGCACACAG-3' 392 

von Willebrand factor sense 

von Willebrand factor antisense 

5' -CTTGAATCCCAGTGACCCTGAGCAC-3' 

5' -GCACTTCAAACTCAGCCTCGGACAG-3' 248 

walk, TJ.11 Briefly. total R A was reverse tran�cribed to cO A 
by incubation at 20°C for 20 minutes. 42°C for 15 minute�. 99°C 
for 5 minutes. and finally 4°C for 5 minute� in a total volume of 40 
,uL containing I PCR reaction buffer ( 10 mmoi!L Tris-HCI (pH 
8.3). 50 mmol/L K l). 100 Moloney murine leukemia virus re­
ver:-.c transc.:riptasc. 5 mmoi/L MgCI2• I mmol!L each d TP. 40 U 
R ase inhibitor. and 2.5 J.lmol/L random hexamer�. The tirst PCR 
amplification was performed in a volume of 50 J.iL using 10 ,uL of 
the rever-.e transcription mixture with additional I X PCR reaction 
buffer containing 2 mmoi!L MgC I 2 . 1.:25 thermostable Taq D�A 
polymera<oe (Perkin Elmer Cetus ) , and 30 pmoi/L of each up ·rream 
and downstream primer. The PCR amplification was performed on 
a programm d-tempcrature system !PC-700: A. tee. Fukuoka. Japan) 
as follow<,: denatural ion at 93°C for I minute, annealing at 65°C for 
I minute. and extension at 7?.°C for I minute. Forty cycles were 

followed by a final round of extension at 72°C for I 0 minute . Four 
percent of the 11rst P R product was added to a second PCR reaction 
as a template. Two-�·.lep ncqcd PCR wm, then performed . The primer 
sequences were obtained from the �equenced chimeric AMLJ/ETO 
( MTC8J cD A7·� (Table 2). The second PCR products were electro­
phoresed on an cthidium bromide-stained 2% agarose gel. The PCR 
products from PBM s and BMMNCs were transfen-ed to nylon 
membranes and Southern-blot analysis was performed u ing 5'-'"P 
labelled ol igodeoxynucleotide probe (5'-TCTCAGTACG TTTC­
GAGGTTCTC -3') spanning the At'v!LI/ETO fusion point. With this 
method. we could detect a s ingle Kasumi-1 cell. a t(8: 21) ML cell 
l ine,2x among 107 HL-60 cells (data not. hown). The glyc raldehyde-
3-phosphatc dehydrogenase messenger R was amplified as a con­
lrol.29 

To confirm the si ngle l ineage of individual colonies picked up 
and exclude lhe poss ibil ity or cro."s-contamination of ditTer nt l in­
cages, we examinct.l the express ions of m eloperoxiduse. ,6-gl bin. 
and von W illebrand factor genes in colonies from FU-GM. BFU­
E, and FU-Mk. In each colony the lineage specific gene expre�s ion 
expectet.l to he positive was exc l usi vely nhs r \'eu and other l ineage 
gene ·xpressi ons were negative. The primers used nre shown in 
Table 2. R igorous precautions were taken to avoid contamination of 
PCR� accordi nQ to lhc recommendations of Kwok and Higuchi.'0 
False pos it ive results were nol obtained throughout the entire study . 

lonality anal\·ses. Clonality anal sis of leukemic blasts at d i ag­
nosis. remission marrow. and indiYidual colon ies was perform 'd on 
the X-l inked i nactivation pclltcrn of the PGK gene according to the 
methods of i lliland ct al'1 and Turhan ct al.2° Four of n i ne femal 
patients (putienls nos. 2. 3. 6. and 7) showed hetcrot.ygosit for 
restriction fragmcnl length polymorphism of the PO K gene by met h­
ylation-scnsitive enzymes. 

ne half of the I NA sample \\as digested with Hpa11 (Takara 
Shu:r.o Co, Sh iga. Japan) in a total volume of 20 !JL for I hour at 
37° , and the remaining half was lcl't undigc'tcd. PCR-PGK analysis 
was performed on both fractions using the extennl and internal PGK 

primers as described.�1 Following two rounds of PCR. 20 J.iL of the 
PCR product wa!'. dige�ted with l 0 U of BstX I (Takara Shuzo Co) 
overnight at 45°C. Amplified fragments were electrophore ed on an 
ethidium bromide-. tained 2Cff agaro e gel. ln the Hpalf-dige ted 
fraction, D A from !-.ingle progenitor celb !-.hould give ri�e to either 
a 530-bp or 433-bp PO K allele a;, each colon} arise from a single 
CD34 cell. and Hpall-dige�ted fragment could not be amplified 
by PCR. 

Stoti.11ical analysis. A two-tailed Student' /-test ,.,·as u ed for 
comparing numbers of individual colonies between patients and nor­
mal controL. Difference in the frequency of AMLJ!ETO mR A 
colonie between four kind'i of progenitors were assessed by Mann­
Whitney's U test. Spearman rank correlation analy i wa. employed 
to evaluate the relation hip between the frequency of AMLJIETO 
mR1 A� colonie. and the remi. sion duration. 

RESULTS 

Detection of AMLJ/ETO Transcriprs in PBMNCs and 

BMMNC. Table 3 shows result of the AMLJ/ETO mRNA 
detection by the two- tep nested RT-PCR. AMLJIETO 
mR A could be detected in all PB and BM amples from 18 

patient treated with chemotherapy or PBSCT. In contra t. i t  
could not b e  detected in any o f  the four patient who under­
went allogeneic BMT: representati e re ult are hown in 
Fig I .  These data strongly sugge:t that the AMLIIETO fu ion 
tran cript is  still produced in the circulating leukocyte. of 
patienL in long-term remission. 

Detection ofAMLJ/ETO transcripts in clonogenic progen­

itors. Individual colonies also underwent RT-PCR anal sis 
(Table 3). TheAMLJ/ETO mR was detected in progenitor 
colonies in 18 of ::20 bone marrow sample- obtained from 
patient. treated with chemotherapy or PBSCT (patients nos. 
I through I ). In totaL 51 of 2,-1-69 progenitor cell colonies 

(2.19'l') were PCR+. AMLJIETO mR A could be detected 
in various clonogenic progenitors, such a CFU-GM ( 16 of 
18 ca es), CFU-Mi (5 of 18 cases). BFU-E (9 of 18 case ). 
and CFU-Mk (5 of 15 cases). The frequencies of AMLJI 
ETO mR A-positive colonie. were 3.29C (::29 of 94 colonies 

examined) in CFU-GM. 1.9o/r (5 of 260) in CFU-Mix. 1.3o/c 

(1 I of '15) in BFU-E. and 1.3% (6 of 457) in CFU-Mk. 

The positivity oi'AMLJIETO mR A in CFU-G I was . tatis­

tically higher than tho,'e in other colonies (P < .05). RT­

PCR anal sis of indi idual colonie in pati nt nos. 12 and 

13 was particularly informative (Fig ::2). In these cas , 

AMLI!ETO mR A r colonies were se n in CFU-GM. CPU­

Mix, BFU-E, and CFU-Mk. ln other cases. ther was th 
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Table 3. RT-PCR Analysis of AML 1/ETO mRNA in Individual Progenitor Colonies 

Detection of 

AML1/ETO 

mANA No. of AML 1/ETO mANA Positive/No. of Colonies Tested 

Patient No. PB BM CFU-GM CFU-Mix BFU E CFU-Mk Total 1%) 

CHT/PBSCT Group 

1(a)* + + 2/38 0/10 1/41 0/25 3/114 (2.6) 
(b) + + 1/46 0/10 0/42 0/22 1/120 (0.8) 

2(a)* NE + 2/46 0/10 1/38 0/24 3/118(2.5) 
(b) + + 0/55 0/15 0/45 0/28 0/143 (0) 
3 NE + 2/50 0/12 0/40 NE 2/102 (2.0) 
4 + + 2/46 0/10 0/36 NE 2/92 (2.2) 
5 + + 3/42 0/12 2/43 1/31 6/128 (4.7) 
6 NE + 2/52 0/18 0/56 NE 2/126 ( 1.6) 
7 + 2/45 0/15 1/47 1/32 4/139 (2.9) 
8 + + 0/42 1/15 0/38 1/29 2/124 (1.6) 
9 + 1/40 0/12 1/46 0/26 2/124 (1.6) 

10 + 0/41 0/12 0/40 0/24 0/117 (0) 
11 + + 1/42 1/12 0/40 0/22 2/116 (1.7) 
12 + 1/49 1/12 1/42 1/35 4/138 (2.9) 
13 + + 3/40 1/13 1/45 2/34 7/132 (5.3) 
14 + + 1/50 0/15 0/44 0/25 1/134 (0.7) 
15 NE + 2/45 0/12 2/40 0/22 4/119 (3.4) 
16 + + 2/45 1115 1/47 0/28 4/135 (3.0) 
17 + + 1/40 0/18 0/45 0/20 1/123 (0.8) 
18 + + 1/40 0/12 0/43 0/30 1/125 (0.8) 
Total 29/894 (3.2) 5/260 (1.9) 11/815 (1.3) 6/457 (1.3) 51/2469 (2.1) 

Allo BMT Group 

19 0/51 0/13 0/53 0/29 0/148 (0) 
20 0/52 0/14 0/48 0/21 0/135 (0) 
21 0/50 0/15 0/50 0/30 0/145 (0) 
22 0/51 0/15 0/50 0/30 0/146 (0) 
Total 0/204 (0) 0/57 (0) 0/203 (0) 0/110 (0) Ot574 (0) 

Patient nos. 1 to 18 were treated with chemotherapy or PBSCT, while patient nos. 19 to 22 underwent allogeneic BMT (see Table 1 ). 
Abbreviations: CHT, chemotherapy; PBSCT, peripheral blood stem cell transplantation; Allo BMT, allogeneic bone marrow transplantation; 

NE, not examined. 

*Samples were obtained twice from patient no. 1 (a and b) and no. 2 (a and b) at different times. See Table 1. 

lack of trilineage positivity of AMLJ/ETO mRNA becau e 
of the relatively small number of progenitors analyzed. Al­
though the AMLJIETO mRNA never disappeared in PB and 
BM samples from patients in long-term remission who had 
been treated with chemotherapy or PBSCT, the frequency 
of AMLJIETO mRNA- colonies gradually decreased along 
with the remission duration (r = -0.692, P = .0007). How­
ever, AMLJ/ETO mRNA could not be detected in 574 dono­
genic progenitor colonies from all four patients who under­
went allogeneic BMT (patient nos. 19 through 22) (Table 
3). 

Analysis of clonality. To determine the clonal origin 
of these AMLJIETO mRNA + colonies and leukemic blasts 
at initial diagnosis, we analyzed X-linked chromosomal 
inactivation mosaicism of the PGK gene. This technique 
was applied in four female patients treated with chemo­
therapy or PBSCT (patient nos. 2, 3, 6, and 7). The clon­
ality analysis was performed on BMMNCs, CD34 + cells, 
individual colonies from remission marrow, and 
BMMNCs at initial diagnosis, which consisted of more 
than 90% leukemic blasts. In all four cases examined, the 
leukemic blasts gave rise to a single band with disappear-

ance of either the 530-bp or 433-bp PGK allele in the 
Hpaii-digested fraction, indicating their clonal origin 
from leukemic stem cells. In contrast, BMMNC and 
CD34+ cells during remission gave rise both to 530-bp 
and 433-bp bands: representative result (patient no. 3) is 
shown in Fig 3. Thi indicates that hematopoie i during 
remission was polyclonal. That is, hematopoiesis was sus­
tained by at least two hematopoietic stem cells. 

We then te ted the clonality of individual AMLJ/ETO 

mRNA positive and negative colonie (Table 4). The PCR 
products from the AMLJ/ETO mRNA- colonies gave rise 
to 530-bp or 433-bp PGK allele , and the frequencie of 
colonies with each genotype were almo. t equal. This is 
consistent with the data obtained from BMMNCs and 
CD34 + cells, which indicated polyclonal hematopoiesis in 
remission. In contra t, all PCR product from 11 AMLJ/ 

ETO mRNA + colonies were identical to those of leukemic 
blasts at initial diagnosis in each patient: representative 
result (patient no. 7) is shown in Fig 4. These data show 
the clonal origin of the AMLJ/ETO mRNA + clonogenic 
progenitors from remission marrow and also leukemic 
blasts at initial diagnosis. 
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AML 7/ETO 

GAPDH 

F' 1 RT-PCR analysis of the AML 1/ETO fusion gene in PB and BM samples from 10 long-term remission patients. (A) AML 1/ETO-derived 

ro�uc�s by RT-PCR; (8) autoradiogram of the PCR products derived from the gel shown in(�); (C) glyceraldehyde-3-pho�phate
_
dehydrogenase rGAPDH) mANA-derived products as an internal control. Patient nos. 8 to 15 were treated With chemotherapy alone, while patient nos. 19 a

.
nd 

20 underwent allogeneic BMT. The positive control cells (Kasumi-1} gave rise to a 200-bp product. HL-60 cells were used as the negative 

control. 

DISCUSSION 

In the pre ent tudy, we showed that the positive re ult 

of MRD analy i of t(8:21) AML patients in long-term re­

mi sian could be ascribed to residual t(8: 21) multipotent 

hematopoietic progenitor . AMLJ/ETO mRNA expression 

was not restricted to CFU-GM, but also involved CFU-Mix, 

BFU-E and CFU-Mk. Furthermore, clonality anal sis indi­

cated that both the AMLJ/ETO mRNA + progenitors from 

remi ion marrow and t(8:2 l )  leukemic blasts at initial diag­

nosis were clonal in origin. In contrast, AMLJ/ETO mRNA­

progenitors from remis ion marrow were polyclonal in ori­

gin.16·32 Accordingly, it appears that the leukemic clonogenic 

progenitor of t(8;21) AML is derived from a t(8;21)­

multipotent progenitor. The per i renee of the AMLl/ETO 

mRNA + progenitor does not necessarily indicate impending 

relapse, a the AMLJ!ETO mRNA wa detected in all 12 

patient who remained in hematologic and cytogenetic re­

mission for more than 36 months, a group who could be 

considered clinically ''cured'' on the ba is of hi torical 

data.9·10 The AMLJ/ETO mRNA + progenitor did not how 

maturation arrest, but rather retained trilineage differentia-

Fig 2. RT-PCR analysis of 

CFU-GM, BFU-E, and CFU-Mk 

from patient no. 12. AML 1/ETO 

mRNA + colonies can be seen 

from CFU-GM (lane 2), BFU-E 

(lane 5), and CFU-Mk (lane 8}. 

The single lineage commitment 

of CFU-GM, BFU-E, and CFU-Mk 

was shown by their exclusive ex­

pression of the myeloperoxi­

dase, p-globin, and von Willa­

brand factor genes, respectively. 

Other lineage specific gene ex­

pressions were negative when 

applied to other lineages (data 

not shown). 

.... 
� CFU-GM 
"0 
� 

_g. 1 2 3 4 5 6 7 8 9 10 

AML1/ETO 

; 
=-------------

Myeloperox1dase 

tion potential, at least, in vitro. These result strongly suggest 

that expression of the AMLJIETO fusion gene does not nec­

essarily mark the leukemic transformation. 

The successful detection of the AMLI/ETO mRNA in PB 

collected from long-term remission patients strongly sug­

ge t that at least some fraction of the AMLJIETO mRNA • 

progenitors contribute to the hematopoietic reconstitution in 

rerni sion. There remains the po sibility that the AMLJ/ETO 

mRNA-po itive progenitors can differentiate into mature 

granulocytes. macrophages, erythrocytes, and megakaryo­

cytes only in vitro, becau e the concentrations of cytokines 

u ed are higher than those experienced under physiologic 

condition . The e AMLJ/ETO mRNA-positive colonies 

might not be directly derived from residual t(8; 21)+ leuke­

mic cell , because we could not see these colonies from 

leukemic BMMNCs on leukemic blast colony assay. In this 

a say, the in vitro conditions are quite similar to those of 

the progenitor assay employed in this study (data not hown! . 

The frequency of AMLJ/ETO mRNA + colonies was approxi­

mately 2%. This does not directly correlate with the quantita­

tive result because the residual AMLJIETO mRNA wa 

'­
Q) 
'0 
'0 
� 

BFU-E 

_g. 1 2 3 4 5 6 7 8 9 10 

AML1/ETO 

-

� ....... ---·---

p-globin 

CFU-Mk 
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Fig 3. Clonality analysis using the X-linked inactivation assay of 

the PGK gene in patient no. 3. Lane: -.DNA amplified without Hpall 

digestion; +, DNA amplified after Hpall digestion. Only one band 

(530-bp) was present in leukemic BM at initial diagnosis, but both 

alleles (530- and 433-bp) were evident in remission BM and CD34-

cells. 

quantified as 50 to 500 molecules/Jig of total R A (unpub­
li hed data). The amount of which corresponds to J x 10 slk 
leukemic contamination when Ka umi-1 cells were used as 
a positive control . We can, therefore. peculate that the 
AMLJ/ETO mR A· progenitors might be quiescent in situ, 
and that they can proliferate in respon e to high concentra­
tion of cytokines experienced in vitro. Jn this context. the 
gradual decrease in AMLIIETO mR A • progenitors after 
achieving remis ion could be ascribed to a growth advantage 
for normal progenitors in situ. An alternative explanation 
is that AMLJ/ETO-expressing cells may be responsive to 
immune-mediated mechanisms that suppress leukemic cell 
growth. 

However, the AML!IETO mRNA progenitors never dis­
appeared in our. erie. of long-term remi. sion patients. It has 
been suggc ted that AMLJIETO mR A may play an essen­
tial role in the progression of t(8;21) AML. Sakakura et al" 

MIYAMOTO ET AL 

have report d that antisense oligomers to the chirn ric 
AMLI/ETO junction inhibited the proliferation or Kasumi-1 
cells, whereas they enhanced the scn�itivit to differentiation 
induction by phorbol 12-myristatc 13-cstatc. Also. Nucirora 
et al11 have shown that AM expressing the AMLI/ETO 

mR A has similar morphologic and cytochemical character­
istics irrespective or the pr sence of t(8: 21 ). H wever, the 
persistence of multipotcnt progenitors expressing AML/1 

ETO transuipts in remission raises the possibility that 
t(8: 21 )-positive multi potent progenitors are not fully trans­
formed. but rather rcquir' �moth r mutational event to 
achieve full leukemic transformation. This scenario of leuke­
mic transformation hm, been widely discussed in the stem 
cell di:order. such as chronic myelogenou. leukemia 
(CML).1'·16 Philadelphia chromosome translocation involves 
pluripotent progenitors that can diff rentiate along lymphoid 
lineages as well as myeloid trilincages.17 .lx The blast crisis 
is probably because or the acquisition of an additional muta­
tion. It is largely accepted that the cure of patients in ML 
blast crisis can be achieved only by allogeneic BMT.'h.1'1 
This generally result� in a decrca:-e in BCR/ABL mRNA to 
undetectable levels by RT-PCR.''141 In our study, AML/1 

ETO mR A was undetectable in any samples from four 
patients successfully treated by allogeneic BMT. Allogeneic 
BMT eradicate� the AMLJIETO cells, probably through 
alloreactive T-cell responses such as the ··graft- ersus-lcu­
kemia·· effect. In contrast to BCR/ABL in CML,41142 the de­
tection of AMLIIETO mR docs not ine itably indicate 
residual leukemic cells. This is probably because AMU/ETO 

and BCR/ABL play different roles in the leukemic.: transfor­
mation pr cess. Because th re has been no clear demonstra­
tion that the AMLIIETO fusion gene is involved in the mcch­
ani. m of leukemic transformation. it is difficult to address 
whether detection of the AMLIIETO tran�cript by RT-P R is 
because of expression in t(8: 21) · multi potent hematopoietic 
progenitors or t(8;21 ) + residual leukemic cell:-.. 

The t(8;21) AML has several biological characteristics of 
immature stem cells. although there is also a tendency to 
granulocytic differentiation in vivo; the leukemic blasts of 
t(8; 21) AML frequently express 034 and 019, either of 
which marks primitive progenitor cells and early �tagc 8 
cell-,, respectively:' We have shown that leukemic progcni-

Table 4. Clonal Analysis of Individual Colonies From Four Female Patients 

PGK Allele in AML 1/ETO mANA-Positive or Negative Colonies 

CFU·GM CFU-Mix BFU-E CFU Mk 

Patient PGK Allele of No. of Colonies Examined 

No. Leukemic BM (AML 1/ETO mRNAI 433 bp 530 bp 433 bp 530 bp 433 bp 530 bp 433 bp 530 bp 

2(a) 530 bp 115 (Neg.) 22 22 5 5 18 19 11 13 

3 (PosY 2 1 
3 530 bp 100 (Neg.) 22 26 6 6 19 21 NE NE 

2 (Pos.)* 2 NE NE 

6 433 bp 124 (Neg.) 22 28 10 8 27 29 NE NE 

2 (Pos.)* NE NE 

7 530 bp 135 (Neg.) 22 21 7 8 23 23 17 14 

4 (Pos.)' 2 

Abbreviation: NE, not examined. 

*All 11 AML 1/ETO mRNA colonies show the PGK allele identical to that of leukemic blasts at diagnosis. 

MULTIPOTENT PROGENITORS IN t(8;21) AML 
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� CFU-M ix · ···· · AML7/ETO (-J 

Fig 4. Clonality analysis of AML 1/ETO mRNA� progenitor 
.
colo�ies 

from patient no. 1. Lane: -, DNA amplified without Hpall d1gest1on; 

+.DNA amplified after Hpall digestion. The PGK alleles of the AML �I 
ETO mRNA • CFU-GM and BFU-E are identical to those of leukemtc 

BM at initial diagnosis, showing their clonal origin. In CFU-Mix that 

do not express AML 1 !ETO mRNA, the genotype is different from the 

pattern observed in leukemic BM. 

tors in 034 + AML simulate the proliferative re pon e to 

ariou_ cytokines in normal bla t colony-forming cell .24 T�e 
cross lineage expre ion of surface marker in leukemtc 

blast trongly suggest that they pre erve surface mole�ule 

of immature leukemic progenitor tran formed at the dtffer­

entiation staoe of bipotent (ie, myeloid/1ymphoid) progeni­

tors (mixed Uncage leukemia ).-1-1.45 A cordingly. it i of 
.
ig­

nificant int rest to determine whether the AMLJIETO fusiOn 

oene invol es progenit r that can differentiate along the B­

�ell lineage, in addition to the myeloid lineage . 

In ummary. we showed that the AMLl/ETO mR A was 

expre s d in multipotent hematopoietic progenitor in long­

term remis ion pati nt with t(8�2l) AML. The e AML!I 

ETO mR A+ progenitor' were of the ame clonal origin a 

leukemic blast from th tim of diagnosis. How ver, tht 

finding did not nee saril indicate imp nding relap�e be­

cause the AMLJIETO mRN A + prog nitor' could per t t for 

more than 10 years after achieving remi sion. These prog n
.
i­

t rs can differentiate into mature trilineage my lotd c lis m 

vitro, suggesting that an additional tran f
.
ormation v �t 

would be rcquir d for th m to become a mal1gnant leukemic 

clone. Thus, leukemic stem cells in d no o t(8; 21) AML 

might be derived from t(8; 21 t multi potent hematopoietic 

progenitor . 
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