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Abstract
Though tyrosine kinase inhibitors have redefined the care of chronic myeloid leukemia (CML),
these agents have not proved curative, likely due to resistance of the leukemia stem cells (LSC).
While a number of potential therapeutic targets have emerged in CML, their expression in the LSC
remains largely unknown. We therefore isolated subsets of CD34+ stem/progenitor cells from
normal donors and from patients with chronic phase or blast crisis CML. These cell subsets were
then characterized based on ability to engraft immunodeficient mice and expression of candidate
therapeutic targets. The CD34+CD38− CML cell population with high aldehyde dehydrogenase
(ALDH) activity was the most enriched for immunodeficient mouse engrafting capacity. The
putative targets: PROTEINASE 3, SURVIVIN, and hTERT were expressed only at relatively low
levels by the CD34+CD38−ALDHhigh CML cells, similar to the normal CD34+CD38−ALDHhigh

cells and less than in the total CML CD34+ cells. In fact, the highest expression of these antigens
was in normal, unfractionated CD34+ cells. In contrast, PRAME and WT1 were more highly
expressed by all CML CD34+ subsets than their normal counterparts. Thus, ALDH activity
appears to enrich for CML stem cells, which display an expression profile that is distinct from
normal stem/progenitor cells and even the CML progenitors. Indeed, expression of a putative
target by the total CD34+ population in CML does not guarantee expression by the LSC. These
expression patterns suggest that PROTEINASE 3, SURVIVIN, and hTERT are not optimal
therapeutic targets in CML stem cells; whereas PRAME and WT1 seem promising.
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Introduction
The advent of tyrosine kinase inhibitors redefined the treatment of chronic myeloid
leukemia (CML).[1] Complete cytogenetic response rates can now be seen in up to 90% of
newly diagnosed patients in chronic phase (CP).[2] However, these “targeted” therapies
have yet to prove curative. In fact, relapse is common after discontinuation of imatinib, even
for patients in complete molecular remission at the time of cessation.[3,4] This appears to be
due to resistance of CML stem cells to the pro-apoptotic effects of imatinib[5,6] and even
newer tyrosine kinase inhibitors, such as dasatinib.[7] Indeed, primitive leukemic
progenitors still can be readily detected in CML patients who have achieved complete
cytogenetic remission on imatinib.[8] Blast crisis (BC) CML presents an even greater
challenge, where in contrast to CP CML, tyrosine kinase inhibition rarely results in durable
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remission.[9] Hence, there has been a search for other therapeutic targets in CML,
particularly on the leukemia stem cell (LSC), which in theory must be eradicated to achieve
cure.[10–12]

A number of candidates have emerged as potential therapeutic targets in leukemia. Among
the more promising are: the Wilm’s tumor gene (WT1), SURVIVIN, the preferentially
expressed antigen of melanoma (PRAME), PROTEINASE 3 (PR3), and hTERT (the
enzymatic component of telomerase). All of these are immunogenic, and each is over-
expressed to varying degrees in many cancers, including CML.[13] Many of these candidate
targets have been implicated in therapeutic resistance, including inhibition of apoptosis, and
appear to correlate with prognosis.[13–15] There are ongoing vaccine trials targeting many
of these antigens,[13,16] as well as early phase clinical trials of pharmacologic inhibitors of
telomerase[17] and SURVIVIN.[18] Presumably, any such new therapies will have curative
potential only if their targets are actually expressed by the LSC. However, the expression of
these putative targets in CML stem cells is largely unknown.

Indeed, existing data are limited regarding the precise characterization of CML stem cells;
and expression of a gene by the differentiated leukemic bulk does not necessarily guarantee
expression by the LSC. In fact, in many respects LSC more closely resemble normal
hematopoietic stem cells (HSC) than their own differentiated leukemic progeny.[19–21]
Nonetheless, it is expected that qualitative or quantitative expression of some genes must
distinguish LSC from their normal counterparts. Accordingly, an optimal therapeutic target
would not only be highly expressed by the LSC (and ideally their progeny as well); but it
would also be absent or only minimally expressed in normal HSC to avoid unacceptable
toxicity.[13]

LSC research to date has been impeded by the relative rarity of these cells, as well as the
lack of a consensus on their exact phenotype. LSC are often phenotypically defined as
simply the CD34+ leukemia cells or, occasionally, the more enriched CD34+CD38− subset;
but even the CD34+CD38− cells are a heterogeneous population, of which the LSC
constitute only a fraction.[19,22–24] The CD34+CD38− population can be further refined
for stem cells based on low side scatter and high aldehyde dehydrogenase (ALDH) activity.
[23] ALDH, specifically the ALDH1A1 isoenzyme, mediates the biosynthesis of all-trans-
retinoic acid, as well as the detoxification of a variety of compounds such as ethanol and
active metabolites of cyclophosphamide;[25] and it is typically present at higher levels in
adult stem cells, than in their differentiated progeny.[22–27] The fluorescently labeled
ALDH1A1 substrate, Aldefluor, permits the isolation of viable normal and cancer stem
cells.[22–24,26–28]

Here we report that CML stem cells are characterized by high ALDH expression, and that
these cells have a unique expression profile of putative targets as compared to both the more
differentiated CML progenitors and normal HSC.

Methods
Patient and normal donor specimens

Bone Marrow and/or peripheral blood samples were obtained from a total of 14 patients
with CML (10 CP and 4 myeloid BC). None of the BC CML patients had a duplicated
Philadelphia chromosome. One of the BC CML patient samples was obtained at relapse
from a patient who had been off of all treatment for several months, with imatinib-resistant
disease at the time of relapse. All of the other patients were newly diagnosed and not yet
treated at the time of sample collection. Demographic and clinical characteristics of the
CML patients are displayed in Table I. A total of 15 normal samples (12 of which were used
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in the gene expression analyses and 3 of which were used for quantification of protein
expression) were obtained as excess material from allogeneic bone marrow harvests.
Informed consent was obtained from all patients and healthy donors prior to sample
collection in accordance with the Declaration of Helsinski, under a research protocol
approved by the Johns Hopkins Institutional Review Board.

Mononuclear cells were isolated from fresh samples by Ficoll-Paque (GE Healthcare Life
Sciences, Piscataway, NJ, USA) density (=1.077) centrifugation. CD34+ cells were selected
by Miltenyi Biotec (Auburn, CA, USA) microbeads (binding the class II CD34 epitope) and
column per manufacturer’s instructions. Next, ALDH1A1 activity was assessed in the
CD34+ cells by staining with Aldefluor (Aldagen, Durham, NC, USA) per manufacturer’s
guidelines; this was followed by labeling with monoclonal phycoerythrin (PE)-conjugated
anti-CD34 (binding the class III CD34 epitope) and allophycocyanin (APC)-conjugated anti-
CD38 (all antibodies purchased from BD Biosciences, San Jose, CA, USA). Cells were then
sorted using a FACSAria (BD Biosciences) into 3 fractions: CD34+ total (unfractionated),
CD34+CD38−ALDHlow, and (low side scatter) CD34+CD38−ALDHhigh. Representative
examples of the staining profile and gating strategy for a normal sample, a CP CML sample,
and a BC CML sample are depicted in Figure 1. Purity of the sorted cell fractions was >98%
on reanalysis.

Fluorescence in situ hybridization (FISH)
Isolation of leukemic cells was confirmed by FISH for BCR-ABL on cytospins of 2×104

cells from each sorted cell fraction, fixed in 3:1 Methanol: Glacial Acetic acid (Sigma-
Aldrich, St. Louis, MO, USA). FISH was performed by the Johns Hopkins Cytogenetics
Core, using the Vysis LSI BCR-ABL Dual Color, Dual Fusion translocation probe (Abbot
Molecular, Des Plaines, IL, USA) per manufacturer’s instructions and a fluorescence
microscope with a triple-band pass filter for DAPI, Spectrum Orange, and Spectrum Green.

NOD/SCID-IL2Rγnull (NOG) mouse transplants
For a subset of CML patients (4 CP and 4 BC) from whom sufficient cellular yields of the
isolated CD34 subsets were obtained, NOG mouse transplantation was used as a functional
assay for stem cells. Following irradiation with 300cGy (via Cesium irradiator), 3 mice per
cell fraction were injected (via tail vein) with 104 –105 cells; for any given sample, equal
cell numbers from all fractions were transplanted. Mice were sacrificed >3 months later, and
bone marrow was harvested at necropsy. The harvested mouse bone marrow was treated
with RBC lysis buffer (Sigma-Aldrich) and then stained with an APC-conjugated
monoclonal antibody against human CD45 (BD Biosciences). Cells were then analyzed on
the FACSAria cell sorter and the human CD45+ population (if present) collected and
cytospun onto slides for analysis of BCR-ABL by FISH. A sample fraction was considered to
have successfully engrafted if at least 1 transplanted mouse had ≥ 0.1% human CD45+ cells
detectable, with a cytospin of those cells positive for BCR-ABL by FISH. All mouse research
was performed under a protocol approved by the Johns Hopkins Animal Care and Use
Committee and complied with National Institutes of Health and American Veterinary
Medical Association guidelines.

Reverse transcription polymerase chain reaction (RT-PCR)
Aliquots of 104 – 5×105 cells from the three CD34+ subsets isolated from 10 CP CML
patients, 4 BC CML patients, and 12 normal donors were pelleted, flash frozen, and stored at
−80C until assay. Aliquots of the K562 cell line (American Type Culture Collection,
Manassas, VA, USA) were similarly pelleted and frozen, for use as a control between assay
runs. RNA was extracted with the RNeasy kit (Quiagen) per manufacturer’s instructions.
Expression of BCR-ABL, SURVIVIN, PR3, PRAME, hTERT, and WT1 mRNA was
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quantified by real-time, one-step RT-PCR using sequence-specific probes per the
QuantiTect Probe RT-PCR kit (Qiagen, Valencia, CA, USA). Standard curves were
generated using plasmids for each candidate and validated on fixed aliquots of K562 cells.
Taqman primers were obtained from Applied Biosystems (Foster City, CA, USA; GAPDH
4326317, hTERT 162669, SURVIVIN 153353, WT1 240913, PRAME 196132, and PR3
1957752) and Ipsogen (Marseilles, France; BCR-ABL IPPF-70). mRNA expression of each
putative target was also measured in 104 cell aliquots of the K562 cell line as a control.
Candidate target expression was normalized to 104 copies of GAPDH mRNA. All RT-PCR
reactions were performed in duplicate and run on the ABI 7500 machine (Applied
Biosystems).

Protein quantification
Cells were fixed in 2% paraformalin, then permeabilized in 0.1% Triton-X-100 in PBS
(Sigma-Aldrich), and then single-stained with unconjugated rabbit monoclonal antibody
against PR3 or WT1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) or unconjugated
rabbit polyclonal antibody against PRAME (Abcam, Cambridge, MA, USA). Surface
membrane expression of PRAME was also analyzed on fresh cells (neither fixed nor
permeabilized).[29] Cells were then secondarily stained with PE-conjugated goat anti-rabbit
antibodies (BD Biosciences) and analyzed on the FACSAria. Due to limited quantities of
CML samples, these experiments were performed only on normal donor samples and the
K562 cell line.

Statistical considerations
mRNA expression of each of the six genes (PROTEINASE 3, SURVIVIN, hTERT, WT1,
PRAME, and BCR-ABL) was quantified (per 104 copies of GAPDH) from all 3 cell fractions
(CD34+ total, CD34+CD38−ALDHlow, and CD34+CD38−ALDHhigh) and compared among
normal, CP CML, and BC CML. To account for the correlation among the three cell
fractions obtained from the same patient, generalized estimating equations (GEE) were used
(assuming a compound symmetry correlation structure) for model estimation and hypothesis
testing of mean differences based on a Chi-squared statistic. The vector of expression from
the cell fractions among patients was modeled as a function of clinical phase of CML
(normal, CP, BC), cell fraction, and the interaction of the two. A log (base 10)
transformation was applied to all expression data. A similar statistical approach was used to
examine BCR-ABL FISH data (expressed as percentage of cells with the BCR-ABL fusion
gene), whereby GEE was used to model the FISH percentage of cell fractions for
corresponding hypothesis tests of equal means among cell fractions and between clinical
phases. All reported p-values are by Chi-squared test, with values <0.05 considered
significant.

Correlation in expression between the CD34+ total and CD34+CD38−ALDHhigh groups was
explored using Spearman rank for BCR-ABL, WT1, and PRAME (reported p-values are also
by Chi-squared test). PR3, SURVIVIN, and hTERT expression were further examined for
mean differences between the CD34+ total and CD34+CD38−ALDHhigh cell fractions within
each of CP and BC CML by Chi-squared test.

Results
The CD34+CD38−ALDHhigh cell fraction is highly enriched for CML stem cells

CD34+ cell fractions were isolated from 10 patients with CP CML and 4 patients with BC
CML. CP CML staining patterns were quite reproducible and closely mirrored that of
normal samples, whereas staining patterns of BC CML were more variable (Figure 1). The
majority of the cells (on average >90%) from all fractions of all CML patients were positive
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for BCR-ABL by FISH, with the exception of the CD34+CD38−ALDHhigh fraction of one
CP CML patient (which was only 39.5% BCR-ABL FISH-positive) (Table II). The
CD34+CD38−ALDHhigh cells constituted <5% of the total CD34+ cells and about 20% of
the total CD34+CD38− population (and typically, <0.1% of the total mononuclear cells).
There were no statistically significant differences in the mean percentage of BCR-ABL
FISH-positive cells between CP and BC CML or between the CD34+ cell subsets within
each disease phase.

Stem cell function was defined by the ability to engraft immunodeficient mice.[30,31] The
transplanted CD34+CD38−ALDHhigh cell fraction from all 8 CML patients (4 CP and 4 BC)
produced leukemic (by FISH for BCR-ABL) engraftment in irradiated NOG mice (median
3%, range 0.1 – 31%, of total RBC-lysed marrow cells). A representative example of an
engrafted CML sample is shown in Figure 2 (right panel). Equal numbers of the total CD34+

cells also produced leukemic engraftment, but less efficiently; 7/8 patient samples engrafted,
with a median population size of 0.1% (range 0.1–1.3% of total RBC-lysed marrow cells).
The CD34+CD38−ALDHlow fraction engrafted in only 1 case, a BC CML sample. Normal
CD34+CD38−ALDHhigh cells similarly produced reliable engraftment.

Expression of PR3, SURVIVIN, and hTERT by CML stem/progenitor cells parallels that in
their normal counterparts

mRNA expression of the potential therapeutic targets and BCR-ABL was assessed by real
time RT-PCR in each of the three CD34+ cell subsets isolated from the CML patients and
normal donors (Figure 3). There was a trend toward higher BCR-ABL mRNA expression in
the CD34+CD38−ALDHhigh fraction of both CP (p=0.0568) and BC CML (p=0.081). PR3
and SURVIVIN mRNA showed similar patterns of expression in normal cells, with levels
lowest in the CD34+CD38−ALDHhigh cells, intermediate in the CD34+CD38−ALDHlow

population, and highest in the total CD34+ fraction. Expression of PR3 and SURVIVIN
mRNA in both CP and BC CML paralleled that detected in the normal samples; the
expression of these antigens was actually highest of all in the normal CD34+ total fraction
and decreased with clinical progression from CP to BC CML. hTERT mRNA was expressed
at only very low levels in any of the CD34+ cell fractions, especially in the
CD34+CD38−ALDHhigh cells of both the normal controls and CML patients. In CP CML,
expression levels of PR3 (p=0.002), SURVIVIN (p=0.005), and hTERT (p=0.008) mRNA
were significantly lower in the CD34+CD38−ALDHhigh fraction than in the total CD34+

fraction. These same trends were seen in BC CML, though only borderline significant for
SURVIVIN (p=0.056) and not statistically significant for PR3 and hTERT.

WT1 and PRAME are over-expressed in CML
Mean WT1 mRNA expression was significantly higher in CP (p=0.038) and BC (p=0.042)
CML than normal, with 2 to 5-fold higher expression in each CD34+ fraction versus the
corresponding normal fraction (Figure 3). Mean expression of WT1 mRNA did not differ
significantly between CP and BC CML (p=0.498). PRAME mRNA was expressed at very
low to undetectable levels in all of the normal samples, especially the
CD34+CD38−ALDHhigh population (Figure 3). All three CP CML CD34 cell fractions
expressed PRAME mRNA levels on average that were >30-fold higher than the normal
CD34+CD38−ALDHhigh cells and >4-fold higher than the corresponding normal fraction
(p=0.056 for mean PRAME expression in CP CML vs. normal). PRAME mRNA was
significantly more highly expressed in all BC CML CD34+ fractions; >50-fold on average
higher than the corresponding CP CML fractions (p=0.039 for CP vs. BC CML) and >300-
fold higher on average than any normal fraction (p=0.032 for BC CML vs. normal).
Notably, there was a statistically significant correlation between mRNA expression in the
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CD34+ total fraction and that in the CD34+CD38−ALDHhigh fraction for both WT1
(Spearman’s rho=0.798; p<0.001) and PRAME (Spearman’s rho=0.806; p<0.001).

PR3, WT1, and PRAME protein expression mirrored mRNA expression
PR3 protein levels by flow cytometry paralleled mRNA expression; unfractionated normal
CD34+ cells exhibited markedly higher pr3 expression than the normal
CD34+CD38−ALDHhigh cell subset (Figure 4, left panel). WT1 protein expression also
correlated with mRNA expression, with higher levels in K562 cells than in normal
unfractionated CD34+ cells (Figure 4, middle panel). Likewise, PRAME protein expression
correlated with mRNA levels. Intense PRAME surface membrane staining was seen in the
K562 cells, substantially higher than that in normal unfractionated CD34+ cells (Figure 4,
right panel).

Discussion
The CD34+CD38−ALDHhigh cell population was highly enriched for CML stem cells, as
determined by its ability to engraft immunodeficient mice. Equal numbers of unfractionated
CD34+ CML cells produced about 30-fold less chimerism, and little to no engraftment was
generated by the CD34+CD38−ALDHlow CML cells. Most importantly, the
CD34+CD38−ALDHhigh CML stem cells exhibited a unique expression pattern, distinct
from both their own leukemic progeny and the normal hematopoietic stem/progenitor cells.

Expression of PR3, SURVIVIN, and hTERT was highest in the more differentiated CD34+

total cells of both CML and normal samples, with levels lowest in BC CML. This pattern is
consistent with markers of differentiation. Indeed, PR3, the antigen for which this pattern
was most prominent, has been proposed as a marker of myeloid differentiation.[32]
Furthermore, PR3, SURVIVIN, and hTERT were all expressed at lower levels in each of the
CML CD34+ subsets analyzed (including the CD34+CD38−ALDHhigh fraction), than in the
normal unfractionated CD34+ cells. Protein levels of PR3 reflected the mRNA expression
levels, and the same has been reported previously for SURVIVIN[33] and hTERT.[34] These
data suggest that efforts to target these antigens in CML stem cells may be compromised by
substantial toxicity to normal hematopoietic cells. Additionally, these results illustrate that
the CD34+ total fraction in CML is not necessarily representative of the LSC and underscore
the importance of assessing target expression in refined LSC populations.

Conversely, given their more selective expression, including at the level of the LSC, WT1
and PRAME may be more suitable therapeutic targets in CML. WT1 appears to act
downstream of BCR-ABL and has been implicated in inhibition of apoptosis;[14,35] it has
also been proposed as a marker for minimal residual disease.[36,37] In contrast to the
somewhat disappointing experience to date with vaccines against BCR-ABL, early promise
has been seen with WT1 vaccines in myeloid leukemias.[38] Additionally, WT1 siRNA has
been demonstrated to decrease proliferation and increase apoptosis of leukemic cell lines,
including K562, supplying further evidence of a critical role for this antigen.[35,39] It
remains to be determined whether the degree of over-expression of WT1 in both CP and BC
CML provides a sufficient therapeutic window to be exploited.

PRAME may be a superior target, given its minimal to null expression in the normal CD34+

cells, particularly the CD34+CD38−ALDHhigh subset. In fact, PRAME appears to have very
limited expression in any normal adult tissue, other than testis.[13] Our results support
existing data that PRAME expression increases from CP to advanced phase CML,
suggesting a role in leukemic progression.[40] Furthermore, PRAME has been demonstrated
to interfere with retinoic acid signaling[41] and may thus contribute to the inhibition of
differentiation in advanced phase CML.[42] Though PRAME has been recommended as a
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vaccine target in CML,[12,16] to our knowledge, there are yet no active clinical trials
specifically targeting it.

Interestingly, investigators at our institution have developed a K562-based vaccine
engineered to produce GM-CSF;[43] this vaccine has shown promise in early phase clinical
trials against CML.[44] The K562 cell line, upon which the vaccine is based, expresses low
levels of PR3, but high levels of both WT1 and PRAME, similar to the expression pattern
seen in CML stem cells (Figure 3 & Figure 4). Thus, this vaccine may be capable of
selectively delivering CML stem cell antigens to the immune system. Since both WT1 and
PRAME mRNA expression were similar in all leukemic CD34+ cell fractions, the CD34+

total fraction could serve as a surrogate marker for the LSC with regard to these two targets,
facilitating clinical screening of patients.

Yong et al previously reported on antigen expression by phenotypically defined populations
of CML stem and progenitor cells.[12] They, too, found WT1 mRNA to be more highly
expressed in CML stem cells than in normal hematopoietic stem/progenitor cells and
PRAME mRNA to be over-expressed in advanced phase CML. Likewise, they also found
substantially higher levels of PR3 mRNA expression in the differentiated CML and normal
CD34+ subsets than in their more primitive counterparts.[12] Importantly, our results
confirm these findings in functionally defined CML stem/progenitor populations and also
demonstrate that protein expression of these putative therapeutic targets correlates with
mRNA levels.

Despite the remarkable success of tyrosine kinase inhibitors against CML, these drugs do
not seem to cure the disease.[3,4] This appears to be due to the failure of these agents to
reliably eliminate the CML stem cells.[5–7,10,45] The long term implications of the
persistence of CML stem cells in patients with responsive disease remain unclear. Moreover,
in a significant minority of patients with CML, including most with BC CML, the disease
will not respond to tyrosine kinase inhibition or ultimately progresses in spite of it.[9,11,45]
Thus, the search for novel therapies, especially those that target the rare CML stem cells,
remains imperative. Although CML stem cells share many characteristics with their normal
counterparts, WT1 and PRAME, like BCR-ABL, are selectively expressed by the CML stem/
progenitor cells. These candidates thus hold promise as potential therapeutic targets in CML.
Further work is warranted for their functional validation.
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Figure 1. Staining profiles and gating strategies
Representative staining patterns and gating strategies are depicted for a normal sample (A),
a chronic phase CML sample (B), and a blast crisis CML sample (C). Following Ficoll-
Paque density centrifugation and CD34+-selection via magnetic bead and column, each
sample was stained (for CD34, CD38, and ALDH) and then sorted. The CD34+ total,
CD34+CD38−ALDHlow, and (low side scatter) CD34+CD38−ALDHhigh populations were
collected and analyzed from each sample. Given the variation across samples, attempts were
made to isolate equivalent populations based on relative size and staining.
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Figure 2. The CD34+CD38−ALDHhigh fraction was highly enriched for NOG mouse engrafting
capacity
Left panel: a human control, depicting a CD45+ cell population. Middle panel: an
untransplanted NOG mouse control, lacking a detectable human CD45+ population. Right
panel: a NOG mouse which engrafted with a detectable human CD45+ population after
injection with the CD34+CD38−ALDHhigh fraction of a CP CML sample several months
prior; 98% of the sorted human CD45+ cells from this sample were positive for BCR-ABL
by FISH.
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Figure 3. mRNA expression of PROTEINASE 3, SURVIVIN, hTERT, BCR-ABL, WT1, and
PRAME in CD34+ cell subsets of normal controls and CML patients
Boxplots of log (base 10) mRNA expression (per 104 copies of GAPDH) of each candidate
target by clinical phase (Normal, Chronic Phase (CP) CML, or Blast Crisis (BC) CML) and
within phase by cell phenotype: CD34+ total (34), CD34+CD38−ALDHlow (A−), and
CD34+CD38−ALDHhigh (A+). The K562 cell line is included as a control. Each dot refers to
an individual sample. Horizontal lines indicate median expression.
PROTEINASE 3, SURVIVIN, and hTERT expression in CP and BC CML paralleled that in
normal cells. Expression of each of these genes was highest in the normal CD34+ total cells
and low in the CP and BC CML CD34+CD38−ALDHhigh cells. In contrast, BCR-ABL, WT1
(p=0.038 for CP CML and p=0.042 for BC CML vs. normal), and PRAME (p=0.056 for CP
CML and p=0.032 for BC CML vs. normal) exhibited significantly higher expression in
CML than in normal. BCR-ABL and WT1 did not differ significantly between cell fractions
or between CP and BC. PRAME expression also did not differ significantly by cell fraction,
but it did significantly increase from CP to BC (p=0.039).
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Figure 4. Protein staining by flow cytometry mirrors mRNA expression for PROTEINASE 3,
WT1, and PRAME
Left panel: PROTEINASE 3 staining was markedly higher in normal CD34+ total cells
(solid curve) than in normal CD34+CD38−ALDHhigh cells (dotted curve). Middle panel:
WT1 staining was higher in the K562 cell line (shaded) than in normal CD34+ total cells
(solid curve). Right panel: PRAME staining was substantially higher in the K562 cell line
(shaded) than in normal CD34+ total cells (solid curve).
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Table II

Percentages of each sorted cell fraction positive for BCR-ABL by FISH in chronic phase (CP) and blast crisis
(BC) CML.

CD34+ total CD34+CD38−ALDHlow CD34+CD38−ALDHhigh

CP CML mean 94% 92.8% 85.2%

CP CML median 97.5% 95.5% 94%

CP CML range 70–99.5% 79–99% 39.5–100%

BC CML mean 98.4% 93.3% 98.6%

BC CML median 98.5% 92.8% 98.5%

BC CML range 97–99.5% 88–99.5% 98.3–99%
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