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Isolation of a Highly Quiescent Subpopulation of Primitive Leukemic
Cells in Chronic Myeloid Leukemia

By Tessa Holyoake, Xiaoyan Jiang, Connie Eaves, and Allen Eaves

Chronic myeloid leukemia (CML) is characterized by an
increased proliferative activity of the leukemic progenitors
that produce an elevated number of mature granulocytes.
Nevertheless, cell cycle-active agents, even in very high
doses, are alone unable to eradicate the leukemic clone,
suggesting the presence of a rare subset of quiescent
leukemic stem cells. To isolate such cells, we first used
Hoechst 33342 and Pyronin Y staining to obtain viable G, and
G1/S/G,/M fractions of CD34* cells by fluorescence-acti-
vated cell sorting (FACS) from 6 chronic-phase CML patients’
samples and confirmed the quiescent and cycling status of
the 2 fractions by demonstration of expected patterns of
Ki-67 and D cyclin expression. Leukemic (Ph*/BCR-ABL")
cells with in vitro progenitor activity and capable of engraft-
ing immunodeficient mice were identified in the directly
isolated Gy cells. Single-cell reverse transcriptase-polymer-

ase chain reaction (RT-PCR) analysis showed that many
leukemic CD34* Gq cells also expressed BCR-ABL mRNA.
CD34* from 8 CML patients were also labeled with carboxy-
fluorescein diacetate succinimidyl diester (CFSE) before be-
ing cultured (with and without added growth factors) to
allow viable cells that had remained quiescent (ie, CFSE*)
after 4 days to be retrieved by FACS. Leukemic progenitors
were again detected in all quiescent populations isolated by
this second strategy, including those exposed to a combina-
tion of flt3-ligand, Steel factor, interleukin-3, interleukin-6,
and granulocyte colony-stimulating factor. These findings
provide the first direct and definitive evidence of a deeply but
reversibly quiescent subpopulation of leukemic cells in pa-
tients with CML with both in vitro and in vivo stem cell
properties.

© 1999 by The American Society of Hematology.

HRONIC MYELOID leukemia (CML) is a myeloprolifera-  tions could explain both the increased proliferative activity

tive disorder that appears after the deregulated clonaexhibited by many types of PFBCR-ABL* progenitors in
expansion and differentiation of a totipotent hematopoietic stemvivo21011 and the decreased self-renewal exhibited by very
cell.22 The cytogenetic hallmark of the disease is the Philadel-primitive Ph*/BCR-ABL* cells identified as long-term culture-
phia (Ph) chromosome, which forms as a result of a reciprocainitiating cells (LTC-IC)1213 because exposure of primitive
translocation between the long arms of chromosomes 9 afd 22normal hematopoietic cells to excess concentrations of IL-3
At the DNA level, the corresponding change is the creation of apromotes their differentiation as well as stimulating their
novel BCR-ABL fusion gené> Despite overgrowth of the proliferationi415Constitutive activation of the leukemic progeni-
marrow in CML patients by the PWBCR-ABL™ clone, a  tors in CML is also consistent with the ability of intensive
residual population of primitive normal (PBBCR-ABL™)  chemotherapy regimens to induce cytogenetic remissions in
hematopoietic stem cells typically persists (reviewed in Eavesghronic-phase patientél’ However, such remissions have
etaP). generally been short-lived and CML is considered incurable by

In recent years, considerable interest has focused on thgonventional chemotherapy alone. Therefore, it seemed likely
observation that PHBCR-ABL™ cells can show a reduced or {hat CML patients might possess a rare subpopulation of

absent growth factor dependence for their surivalve have  qyjiescent PWBCR-ABL* stem cells that had not been identi-
demonstrated that highly purified populations of phenotypicallyfieq py previous strategies used to purify primitive populations
very primitive. PI/BCR-ABL™ cells obtained from CML  fom CML samples. To try to isolate such cells, we pursued 2
patients will, in fact, proliferate in vitro for several weeks in the approaches for obtaining quiescent CD3#lls. The first of
absence of added growth factbesd recently showed that this g6 exploited the dual staining procedure with Hoechst 33342

involves an aL_Jtocrine interleukin-3 (IL-3) and granulocyte (Hst) and Pyronin Y (Py) that allowsdand G/S/G,/M cells to
colony-stimulating factor (G-CSF) mechaniéffihese observa- separatet’2°The second exploited the resolving power of
5- (and 6-) carboxyfluorescein diacetate succinimidyl diester
(CFSE) staining to distinguish undivided and divided cells in
short-term cultures of CD34cells.
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Table 1. Clinical Data on CML Patients’ Samples

Sample Data

Time Marrow Karyotype

CML From WBC (at the time the sample LTC-IC Frequencyt % Ph*

No. Diagnosis (109L) used was taken)* Cells (per 10° cells) LTC-IC (Ph*/Total)
1 6 days 113 46XX, 1(9;9), 25/25 Blood 38 <17% (0/6)%
2 0 days 540 46XY, t(9;22), 25/25 Marrow 0.1 <14% or17)
3 16 days 52 46XX, 1(9;22), 25/25 Blood 230 100% a7/17)
4 0 days 176 46XY, 1(9;22), 25/25 Blood 0.4 100% (4/4)
5 0 days 652 46XX, 1(9;22), 25/25 Blood 398 100% (33/33)
6 0 days 640 46XY, 1(9;22), 30/30 Blood 0.2 100% (212)
7 0 days 99 46XY, t(9;22), 23/25 Blood 55§ 100% (14/14)

46XY, 2/25
8 6 years 84 46XX, 1(9;22), 16/26 poly- Blood 88 100% (22122)
ploid with Ph+, 4/26
46XX, 6/26

*Numbers after the karyotype indicate the number of metaphases with that karyotype.

TExpressed per 10° light density (<1.077 g/cm3) cells obtained by centrifugation of the sample on ficol-hypaque. In some instances, LTC-IC
assays were performed on lin~ subsets and the values shown then calculated assuming 100% recovery of LTC-IC in the lin~ fraction.

$Based on absence of t(9;9).

§LTC-IC assays in this case used a 5-week culture on parental M2-10B4 feeders (not engineered to produce human growth factors) before
assessment of CFC numbers.

Flow cytometry. CD34" cells were fractionated into J&nd G/S/ staining with an FITC-conjugated antibody (Ab) (Pharmingen, Missis-
G,/M fractions according to their staining with Hst and ¥y° Briefly, sauga, Ontario, Canada) according to the manufacturer’s directions.
cryopreserved lin-depleted (lim) cells were thawed and incubated  Analysis of BCR-ABL mRNA expressioiCells were centrifuged
overnight in a serum-free medium (SFM) consisting of Iscove’s and lyzed in guanidinium isothiocyanate solution (5 mol/L GIT, 20
medium (StemCell), a serum substitute (BIT; StemCell), 40 pg/mL mmol/L 1,4-diothioerythritol [DTT], 25 mmol/L sodium citrate, pH 7.0,
low-density lipoproteins (Sigma Chemicals, St Louis, MO), 4thol/L 0.5% Sarcosyl) before the application of a 2-step (nested) reverse
2-mercaptoethanol, 300 ng/mL each of recombinant human Steel factafanscriptase-polymerase chain reaction (RT-PCR) procedure using an
(SF; Amgen, Thousand Oaks, CA) and Fit3-ligand (FL; Immunex, initial oligo (dT)-based primer and poly (A) tailing stratetfy2® After
Seattle, WA), and 60 ng/mL each of recombinant human IL-3 (Novartis,e|ectrophoresis of amplified products, BCR-ABL-specific and actin-
Basel, Switzerland), IL-6 (Cangene, Mississauga, Ontario, Canadapecific fragments were detected by Southern blotting and hybridization
and G-CSF (StemCell) to allow reactivation of RNA synthesis. The ith BCR-ABL and actin probe26 Blots were exposed for 6 to 16
following day, the cells were washed once in Hank's balanced salt,q o
solution supplemented with 2% fetal calf serum (HF/2) and then In vitro progenitor assays. Assays for different types of colony-

resuspenged inﬂHF/Z cgntaining;gcpmolllé Hst (Molec(;;(ljard Prot.)es’forming cells (CFC) capable of generating pure or mixed colonies of
Eugene, OR). After 45 minutes at 37°C, Py (Sigma) was added to give %rythroid cells, granulocytes, and macrophages in fetal calf serum

flna! .concentratl'on of 25 .pg/mL and ceII; V\{ere .|ncubated for an (FCS)-containing methylcellulose medium (H4330; StemCell) supple-
additional 45 minutes. Anti-CD34-fluorescein isothiocyanate (FITC) mented with 50 ng/mL SF and 20 ng/mL each of IL-3, IL-6

(8G12-FITC; Dr P. Lansdorp, Terry Fox Laboratory, Vancouver, British granulocyte-macrophage colony-stimulating factor (GM-CSF; Novar-

Columbia, Canada) was then added at 10 pg/mL for a final 20 minutes; .
Cells were washed once in HF/2 containing Hst (10 umol/L) and Py (2.5“5)’ and G-CSF, and 3 U/mL of erythropoietin (StemCell) were

ug/mL) and a second time in the same medium containing 1 ug/ml_performed as previously describ&Cells were assayed for LTC-IC by

propidium iodide (PI; Sigma). Cells were finally resuspended in HF/2 measurement Of_ the. CFC conten? of 6-week coc_ultures C_O”ta'”'“g
without P1 and kept on ice in the dark until being sorteda3 laser pre-established, irradiated murine fibroblasts genetically engineered to
FACStar Plus (Becton Dickinson [BD], San Jose, CA). Gates were Seproduce human IL-3, G-CSF, a.nd gre L .
to collect Hse Py® (Gg) and all remaining (@S/Gy/M) cells as separate ‘Transplant:_:ltlon e.md detection of _humgn gells ‘|n immunodeficient
fractions within the Pt CD34* populatior?3 mlce. .Breedmg. pa|r§ of NOD/I._tstad/smdmlce with homozygous
Relatively homogeneously CFSE (Molecular Probes)-labeled frac-disruption of thei32 microglobulin genes (NOD/SCIBM '~ mice’;
tions of CD34 cells were also obtained and then cultured for 4 days in kindly provided by Dr L. Schultz, Jackson Laboratory, Bar Harbor, ME)
SFM, with or without the following growth factors: 50 ng/mL thrombo- Were expanded and maintained in the animal facility of the British
poietin (TPO; Genentech, San Francisco, CA), or FL, SF, IL-3, IL-6, Columbia Cancer Research Centre (Vancouver, British Columbia,
and G-CSF at the concentrations described above and with or withouanada) in microisolators under defined sterile conditions. Six- to
100 ng/mL colcemid (GIBCO BRL, Burlington, Ontario, Canada), as 8-week-old mice were irradiated with 300 cGy'$fCs~y-rays not more
indicated. At the end of the 4 days, cells were harvested, washed once f#an 24 hours before being injected intravenously with human cells. In
HF/2, and washed a second time in HF/2/PI. Cultures containingéach case, Farradiated (1,500 cGy) normal human bone marrow cells
colcemid were used to establish the range of fluorescence expected féas carriers) were coinjected into each mouse. After 6 weeks, the cells
all cells that had not divided during the 4-day inter?diFor both sorting ~ from both femurs and tibias from each mouse were labeled with various
strategies, single cells (and defined numbers of cells where indicatedgntimouse and antihuman antibodies and depleted immunomagnetically
were collected using the automated cell deposition unit of the fluoresof all murine cells using a StemSep coluft,and human
cence-activated cell sorter (FACS). CD34 CD45RA" and/or CD71 (total human) and CD34(primitive
Detection of Ki-67 and D cyclins. To detect intracellular Ki-67, the  human) cells were specifically identified and sorted using the FACS.
staining procedure described by Jordan #ths followed. Cells were  Aliquots of the sorted human CD34and CD34 cells were analyzed
analyzed for expression of cyclins D1, D2, and D3 after fixation andby RT-PCR for BCR-ABL mRNA as described above.
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Statistics. Error estimates shown on mean values from greater thanfreshly isolated cells from 3 patients (all of whom had
2 samples in a group are the SEM. predominantly Ph LTC-IC). BCR-ABL mRNA was detected
in aliquots of 10, 100, and 1,000 CD34ells from all 3
patients. Analyses of single HRy° cells showed 8 of 12
Direct isolation of G leukemic cells from chronic-phase (67%), 6 of 12 (50%), and 6 of 12 (50%) of these (from each of
CML patients. In a first series of experiments, CD34ells the 3 patients, respectively) to be BCR-AB[Fig 3).
from normal marrow (n= 3) and CML samples (no. 1 through 1o determine whether the quiescent cells isolated from CML
6, Table 1) were separated into 2 fractions: 1 containingpatients could also generate leukemic populations in vivo, 30
HstoPy® (Gy) cells and 1 containing all other (Hy" and all g pjethally irradiated immunodeficient NOD/SCEM /- mice
Hst") (G/S/G/M) cells (Fig 1). In all 9 samples, a relatively | qre injected either with H8Pye CD34" cells (1 to 2 X
discrete population of H8Py° cells was identified. On average, 10F/mouse) or with the remaining CD34cells (1 to 20X
this population was largest in the 3 normal samples (39% 10°/mouse) isolated from 3 CML samples (no. 4 through 6,

18%), intermediate in the 2 CML samples with predominantlyTable 1). When assessed 6 weeks later, all of the mice showed
normal (Ph) LTC-IC (21% and 31%), and smallest in the 4 '

CML samples with predominantly leukemic LTC-IC (4% well as CD34 phenotypes (see example shown in Fig 4). Both

2%). ; .
To further characterize the cycling status of theseZSubpopu(-)f these subpopulations were then isolated by FACS and

lations of CD34 cells, particularly in the CML samples with no examined for the presence of leukemic (BCR-ABlcells by

detectable normal elements, their expression of intracelIulag-r/'sp/c|7|'VIMOIS|t rrif/elérc’;nsplz;ntfetdhwgkllﬂel_lthes Clélls (©/ 6)for d
Ki-67 and D cyclins was investigated. Ki-67 is a nuclear antigen ~* G/M cells ( ) from 2 of the samples were foun

found exclusively in proliferating cel&% and the D cyclins to contain both CD34 and CD34 leukemic cells (see example

are induced upon mitogenic stimulation of quiescent @lls. N Fig 5). In the third case (CML no. 5, Table 1), no leukemic
Less than 2% of the HaPye cells from all 3 CML samples cells were detected in the CD3%opulation of human cells

examined (no. 4 through 6, Table 1) were found to containPrésentin 1 of the 2 mice transplanted withe@lls or in any of
detectable levels of Ki-67 or any of the D cyclins, whereas ath® 7 mice transplanted with 5/G,/M cells (despite the
high level of expression of both Ki-67 and at least 1 of the D consistent presence of detectable human actin transcripts).
cyclins was consistently evident in the majority of the remain- Thus, some normal transplantable human hematopoietic cells
ing CD34" cells (Fig 2). must have been present in both the quiescent and cycling
In vitro assays for progenitor activity showed that most of the Populations isolated from this CML sample (no. 5). The known
CML CFC and many of the LTC-IC were cycling (Hsand/or  ability of transplantable stem cells from normal human marrow
Hste Py*). However, as summarized in Table 2, both CML and cord blood to generate predominantly CD3lineage
progenitor types could also be detected in the quiescenprogeny in NOD/SCID mic&3>may explain the prevalence of
(HstoPy°) fraction of the CD34 cells, although proportion- normal human CD34 cells in mice containing BCR-
ately less so than was the case for normal marrow. Cytogeneti@BL “CD34" cells.
analyse® of the colonies generated in the assays of the cells Ability of some leukemic progenitors from CML patients to
isolated from the CML samples showed that leukemic*{Ph remain quiescent in vitro for at least 4 days independent of
progenitors were present in 4 of 5 cases in which analyzabl@xposure to exogenous growth factorsn a second series of
colony metaphases were obtained (Table 2). To determinexperiments, the ability of quiescent leukemic CD3%lls to
whether these quiescent cells also produce BCR-ABL transurvive and resist mitogenic activation for at least 4 days under
scripts, RT-PCR analyses were performed directly on thedifferent conditions of growth factor stimulation was compared

NBM CML Ph” LTC-IC CML Ph* LTC-IC

RESULTS

evidence of engraftment with human cells, including CD24
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Fig 1. Representative examples of Hst and Py staining of viable CD34+ cells from normal marrow (left) and from CML patients with
predominantly Ph- (middle, no. 2) or Ph* (right, no. 3) LTC-IC.
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Table 2. Proportion and Genotype of Progenitors in the G, (Hst'°Py'°)
Subpopulation of CD34+ Cells in CML Samples by Comparison to
Normal Marrow

Sample CFC LTC-IC

Analyzed % in Go Pht/total % in Go Pht/total (% Ph*)
1* <0.5t — >98 0/13 (<8%)
2 0.5 1/1 —%
3 <0.6t — 31 13/13 (100%)
4 3.88 — 59 31/31 (100%)
5 1.38 — —F
6 4.8 1/1 6 11/11 (100%)
Normal BM

(n=3) 46 + 18 93+3

For each sample, G, cells were isolated and assayed for CFC and
LTC-IC and the colonies obtained in these assays were then analyzed
cytogenetically to determine the proportion of CFC and LTC-IC that
were Ph*. The values shown indicate the percentage of CFC and
LTC-IC present in the original CD34" population that were detected in
the G, fraction. Ph*/total refers to the number of colonies typed as Ph*
and the total number of colonies analyzed in the assays of the G, cells.

*CML sample numbers as per Table 1.

tNo colonies detected. Value shown is the maximum number
possible if 1 colony had been generated from the number of cells
assayed.

FNo LTC-IC detected in the aliquots tested either before or after
isolation of the G, subpopulation.

8No analyzable metaphases obtained.
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with that characteristic of normal CD34cells. Cells were
labeled with CFSE, incubated overnight, sorted to obtain a
homogeneously CFSE-labeled CD34opulation, and then
cultured for another 4 days in SFM containing either no other
factors, TPO only, or a combination of FL, SF, IL-3, IL-6, and
G-CSF. The cultured cells were then harvested and resorted into
2 fractions according to their proliferative histories, as indicated
by their individual levels of persisting CFSE fluorescence (Fig
6). Cultures containing no growth factors were included to favor
the selection of quiescent leukemic cells. TPO alone has been
previously shown to maintain the viability of primitive normal
cells with minimal stimulation of their proliferatidhand was
thus expected to maximize the detection of quiescent cells of
either genotype. The 5 growth factor combination was included
to identify quiescent cells that would be maximally resistant to
activation, because these conditions have been found to mitoti-
cally stimulate most primitive adult normal hematopoietic cells
within this time frame123

The various populations of cells obtained from these cultures
were then assayed for the presence of CFC and LTC-IC. As
shown in Table 3, some persisting quiescent cells could be
identified in all 8 CML samples studied, regardless of the
growth factors to which the cells were exposed during the
period they were cultured before analysis. Moreover, the
CD34" cells that remained quiescent for 4 days also always
included a subset with CFC activity. As expected, the relative
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Fig 3. BCR-ABL expression in G, and G,/S/G,/M CD34+ cells isolated from CML patient samples no. 3 through 5. Controls included 1,000
G1/S/G,/M cells without RT (CON 1) and H,O blank (CON 2).

proportion of the persisting quiescent cells retrieved from themitochondria, a decreased protein content, and a higher degree
cultures (initiated with either normal or CML cells) decreased of chromatin condensatiotf.In addition, expression of certain
with increasing growth factor supplementation of the medium.genes (eg, growth-arrest—specific, gas, géhasd stati@’) is
This proportion was consistently lower in the cultures initiated turned on and expression of others (eg, proliferating cell nuclear
with cells from the CML samples. Interestingly, the quiescentantigeni® Ki-67,24% and the D cyclin¥) may be silenced.
cells also showed lower forward light scattering characteristicsvalidation of the G status of the cells assigned a W&ty°
indicative of a reduced cell size, regardless of their genotypgphenotype here was provided by demonstrating the specific
(data not shown). absence of 2 of the above-noted markers (Ki-67 and the D
cyclins) in these cells in addition to noting their reduced size.
DISCUSSION Functional characterization of these directly isolatga@ls
In designing the present study, we first sought a method thatonfirmed that a significant proportion of the CFC and LTC-IC
would allow the direct isolation from a CD34ell population  in normal bone marrow are quiescéft?4! indicative of
of a viable G fraction of cells distinct from those in s well multilevel regulatory mechanisms normally constraining the
as S/G/M. For this, we used a nontoxic double staining expansion of primitive hematopoietic cells. Parallel studies of
procedure with Hoechst 33342 and Pyronin Y and multiparam-CML cells showed most of the leukemic CFC and LTC-IC to be
eter flow cytometry. This allowed the viable (RICD34" cells cycling, as expecteti’® However, quiescent leukemic CFC and
to be divided into 2 fractions: 1 containing cells with a 2n DNA LTC-IC could also be consistently isolated. Both quiescent and
content and a low RNA content (H&Py?; ie, the G cells) and  cycling populations of leukemic cells were capable of generat-
1 containing all of the remaining (@/G,/M) cells18-20 Analy- ing leukemic progeny in irradiated immunodeficient mice.
sis of quiescent (g cells in other systems has shown that they Thus, the quiescent status of Pprogenitors, like that of their
typically are smaller in size and have reduced numbers ohormal counterparts, is reversible both in vitro and in vivo.
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- quiescent must await resolution from further studies. Similarly,
pOSt CO|umn the possibility that some cycling leukemic stem cells contami-

nating the @ fraction may have contributed to the engraftment
R1 . R2 seen here cannot be completely ruled out.

: The presence in CML patients of a quiescent population of
leukemic cells with progenitor activity was also demonstrated
using a completely independent approach. In this second
strategy, we used CFSE labeling to allow the specific isolation
of cells that would remain viable but not divide when cultured
under different conditions. These experiments confirmed that
primitive CML cells can proliferate in the absence of added
growth factors,89 although a small number will also remain
quiescent for at least 4 days, even in the presence of a strong
mitogenic stimulus. The fact that such cells subsequently
formed colonies in vitro again indicates the transient nature of

104

103

i 1

CD45RA/71-PE
{02

[—1
s } . .
w— T e e their arrestin G.
1 102 103 104 The mechanisms underlying the control of normal human
hematopoietic progenitor cell cycling are known to be complex
CD34'F|TC and to involve the integration of signals from the environment

that either promote or block cell cycle progression. Defects in a
- subset of these mechanisms have been shown to exist in CML

or CD71) and human CD34* cells obtained from the marrow of a itorgi7-49 o | h .
NOD/SCID-B,M~/~ mouse transplanted 6 weeks previously with 10° progenitors. HQW(.EVGI’, It Is now clear that very P”m'tlve
G, cells from CML no. 5. Cells were first depleted of coexisting mouse normal hematopoietic cells undergo early changes in the types
cells by immunodepletion as described in Materials and Methods. of external stimuli they respond to as well as in the types of

responses elicited by a given stimul3s?51It is thus interest-
. o ing to note that the chemokines able to inhibit the proliferation
Recent studies suggest that growth factor activation may 9 P

modulate the engraftment capacity of transplantable hematopof-)f primitive normal but not CML clonogenic cells are not

etic cells? Gothot et & have proposed that this may result ef'fectiv_e in inhibiting the proliferation of more primitive normal
from early growth factor-induced changes in the homing progenitors detected as LTC-f€Thus, the increased turnover

function(s) of these cells rather than in their differentiated state,exmbited by the leukemic LTC-IC isolated from CML patiehts

If the majority of the leukemic stem cells in patients with CML 'S likely to be explained by another mechanism. One possibility
are proliferating more rapidly than is typical of their normal Would be the autocrine production of IL-3 that we have recently
counterparts, as suggested by LTC-IC analygben it might ~ described to occur in primitive CML celfs. _ _

be anticipated that the ability of CML stem cells to be However, these findings are not readily reconciled with the
transplanted might also be compromised. This would be consiseXistence of a subpopulation of primitive quiescent leukemic
tent with the widely encountered difficulty in rapidly obtaining C€lls in patients with CML. As a first approach to investigating
high levels of leukemic (PHBCR-ABL*) cells in NOD/SCID ~ a@n underlying mechanism, we used single-cell RT-PCR to
mice 446 |n the present studies, we found that bota@d, to a determine whether these cells might not express BCR-ABL.
lesser extent, @S/G,/M cells were able to engraft mice with However, in all 3 patients studie&;50% of the freshly isolated
leukemic cells. However, a more immunodeficient strain of Go cells contained BCR-ABL mRNA. Thus, BCR-ABL expres-
NOD/SCID mice (also lacking,-microglobulir?®) was used, sion alone is not sufficient to force the rapid transit through G
and limiting dilution analyses of the frequency of engrafting of primitive hematopoietic cells. Interestingly, preliminary
cells were not feasible. Thus, the intriguing question of whetherstudies indicate that suchh®CR-ABL™* cells may not contain

an engraftment endpoint may underestimate the leukemic sterti.-3 or G-CSF mRNA. At least some of these leukemigo8lls

cell population in CML by a bias in favor of those that are can, nevertheless, survive and subsequently proliferate even in

Fig 4. Example of human CD34- cells (expressing either CD45RA
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O O 0O O 0 0 «~ + « I "o
0CO0O00O0LOLLLVLUXXT
BCR-ABL """'. — 374bp
Fig 5. Examples of BCR-ABL expression in CD34~

and CD34+ cells isolated from the marrow of immuno-
deficient mice transplanted 6 weeks earlier with G,

or G;/S/G,/M fractions of CD34+ CML cells (CML no. . -

6 in Table 1). Controls included 1,000 K562 cells Actin = » .* .~ — 471bp
(K562+), 1,000 K562 cells without RT (K562-), and H,O \ Tamm——-

blank. w

20z dunr g0 uo 3sanb Aq jpd 950z/+28.2591/9502/9/¥6/4pd-al01E/pPO0|qABU"SUOHEDIIgNdYSE//:d}Y WOy papeojumog



2062 HOLYOAKE ET AL

+ FL, SF, IL-3,
No GF + Tpo IL-6, G-CSF

k)

NBM ;

CML

Fig 6. Distribution of cells according to their CFSE fluorescence after being cultured for 4 days in the presence or absence of growth factors as
described in the text. The unshaded areas indicate the fluorescence distribution of (still viable) cells that had been prevented from dividing by the
addition of colcemid to the cultures. The black peaks indicate the cells that had undergone 0 to 7 divisions during the 4-day culture period.
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