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The cancer stem cell model: B cell acute
lymphoblastic leukaemia breaks the mould
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The cancer stem cell (CSC) hypothesis
postulates that tumours are arranged in a
developmental hierarchy reflecting het-
erogeneity on the cellular level. Within a
given tumour, only a subset of cells have
the capacity to self-renew, give rise to
more differentiated progeny and main-
tain the tumour long-term (Nguyen et al,
2012). The model implies that cancer
therapy must eliminate all CSCs in order
to achieve a cure.

The existence of CSCs was first
demonstrated in human acute myeloid
leukaemia (AML) using xenotransplanta-
tion experiments in immunodeficient
mice. Subsequent work has demon-
strated that CSCs in most cases of AML
comprise a subpopulation of cells that
express several cell surface markers in
common with normal hematopoietic
stem and progenitor cells, as well as
other leukaemia stem cell (LSC)-specific
surface markers (Majeti, 2011). AML LSC
appear to enter the cell cycle infre-
quently, making them relatively resistant
to standard chemotherapeutic agents that
are cell cycle-dependent. Currently, con-
siderable effort is being directed at the
development of novel therapies to clear
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LSC from AML patients, with the hope that
this will prevent relapse and lead to cures.

Like AML, precursor B-acute lympho-
blastic leukaemia (B-ALL) is thought to
develop from malignant transformation
of immature hematopoietic progenitor
cells. By analogy to AML, it has been
postulated that a rare LSC population
must exist in B-ALL. However, despite
considerable investigative effort, pro-
spective isolation and characterization
of B-ALL LSC has remained elusive
(Bernt & Armstrong, 2009). Several
groups have reported the isolation of
B-ALL LSC, but the phenotype of these
cells has been inconsistent across
multiple studies. Indeed, some studies
have indicated that B-ALL blasts retain
leukemogenic potential across multiple
stages of immunophenotypic maturation.

In this issue of EMBO Molecular
Medicine, Rehe et al (2013) build on
earlier work in which they demonstrated
that in high-risk B-ALL, leukemogenic
potential was retained in CD34%/CD19~
(the least mature subset as judged by
immunophenotype), CD34"/CD19" and
CD347/CD19" populations (le Viseur
et al, 2008). In the current study, they
again use a xenograft model to identify
cell populations capable of establishing
leukaemia in immunodeficient mice.
They extend their previous analysis by
including both standard-risk and high-
risk B-ALL cases with a variety of
chromosomal abnormalities, and they
largely focus on primary samples that

have not been previously expanded in
immunodeficient mice. They report that
LSC are not enriched in blast populations
expressing either CD34 or CD10, both
markers of immaturity in the hierarchy of
normal B cell development. Additionally,
they find that even CD20" B-ALL blasts
retain leukemogenic potential. This is
surprising given that CD20 is a pheno-
typic marker of maturity normally
expressed only late in B cell develop-
ment. Further, they find that B-ALL blasts
do not seem to be arranged in a hierarchy
similar to normal B cell precursors. For
example, they find that CD34~ blasts can
give rise to both CD34~ and CD34"
populations in NOD/SCID/gamma-null
(NSG) mice, and vice versa. This is true
of the markers CD10 and CD20 as well.

...the findings of
Rehe et al suggest that
B-ALL cells are not arranged
in a strict hierarchy. ..

Impressively, the authors further uti-
lize limiting dilution xenotransplantation
assays to calculate the LSC frequency in
the B-ALL samples, and subpopulations
isolated based on differential expression
of CD10, CD20 or CD34. They find that
the LSC frequency does not significantly
differ within these defined subpopula-
tions, and moreover, that as many as one
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in 40 primary B-ALL blasts retain leuke-
mogenic potential, a frequency much
higher than reported for AML (Eppert
et al, 2011). When one considers that
these cells are manipulated ex vivo and
then must overcome a xenotransplanta-
tion barrier, it is likely that the true LSC
frequency is higher. Indeed, in some B-
ALL cases, most or even all of the
leukemic blasts may be functional LSC.
Taken together, the findings of Rehe et al
(2013) suggest that B-ALL cells are not
arranged in a strict hierarchy, and that
LSC activity is frequent and cannot be
isolated by immunophenotypic markers
of normal B cell differentiation.

In the case of AML, LSC were initially
isolated based on cell surface marker
expression. More recently, AML LSC
were shown to have a gene expression
profile distinct from the bulk of the
leukemic blasts (Eppert et al, 2011;
Gentles et al, 2010). Not surprisingly,
genes associated with self-renewal were
preferentially expressed in AML LSC.
With this in mind, Rehe et al (2013)
examined the transcriptional profile of
CD34" B-ALL blasts and phenotypically
more mature CD34~ B-ALL blasts. Con-
sistent with their xenograft data, they
found no distinction between these two
populations with regard to their expres-
sion of candidate stem cell genes. Addi-
tionally, they show that the CD34" and
CD34~ populations express similar
amounts of the telomerase reverse tran-
scriptase (TERT), a component of the
telomerase holoenzyme that is required
to maintain telomeres during cell divi-
sion. TERT is expressed in normal
hematopoietic stem cells; thus, these
findings are consistent with the notion
that both CD34" and CD34~ B-ALL blasts
retain stem cell function.

The findings of Rehe et al (2013)
contrast with multiple older studies
which have found that leukemogenic
potential is limited to a subset of B-ALL
blasts (Bernt & Armstrong, 2009). These
disparate findings may be explained by
differences in the xenotransplantation
model used. The older studies largely
used NOD/SCID mice, while Rehe et al
(2013) employ an NSG mouse model.
NSG mice are more permissive for
engraftment of human hematopoietic
cells than NOD/SCID, and this difference
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Figure 1. Contrasting cancer stem cell models.
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A. AML follows a hierarchical model in which more mature blasts lose stem cell capacity.

B. B-ALL may follow a stochastic model by which most, if not all, cells within the tumor are able to
transplant the disease in xenograft models, and there is no strict hierarchy.

may have unmasked the leukemogenic
potential of the more mature subsets of B-
ALL blasts. Additionally, unlike previous
studies, Rehe et al (2013) transferred cell
suspensions directly into the bone mar-
row cavity using intrafemoral injection, a
technique that likely allowed these cells
better access to a favourable niche.

Taken together, the authors’ findings
suggest that the hierarchical LSC model
of AML does not apply to B-ALL (Fig 1).
The authors propose the various immu-
nophenotypically defined subpopula-
tions seen in B-ALL do not differ in a
biologically meaningful way, but rather
represent stochastic differences in gene
expression. They further propose that
most, if not all, B-ALL blasts are capable
of recapitulating a tumour under the right
circumstances. The clinical relevance of
these findings is unclear, but they do
suggest that therapies designed to target
only a subset of B-ALL blasts will not be
successful at curing patients.

These findings provide significant
insights into the pathogenesis of B-ALL,
yet also raise many new questions. For
example, if B-ALL subpopulations are not
distinct with regard to their leukemo-
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genicity, why do they differ immunophe-
notypically? Do immunophenotypically
defined subpopulations differ in other
properties, for example chemoresistance?
What do these findings tell us, if anything,
about the cell of origin in B-ALL? Does the
plasticity in immunophenotype reflect an
underlying plasticity of B-ALL blasts? Most
fundamentally, why does AML maintain a
hierarchy similar to normal hematopoiesis
while B-ALL does not appear to follow
such a paradigm?

The authors declare that they have no
conflict of interest.

References

Bernt KM, Armstrong SA (2009) Leukemia stem
cells and human acute lymphoblastic leukemia.
Semin Hematol 46: 33-38

Eppert K, Takenaka K, Lechman ER, Waldron L,
Nilsson B, van Galen P, Metzeler KH, Poeppl A,
Ling V, Beyene J, et al (2011) Stem cell gene
expression programs influence clinical outcome
in human leukemia. Nat Med 17: 1086-1093

Gentles A}, Plevritis SK, Majeti R, Alizadeh AA
(2010) Association of a leukemic stem cell gene
expression signature with clinical outcomes in
acute myeloid leukemia. JAMA: ] Am Med Assoc
304: 2706-2715

EMBO Mol Med (2013) 5, 7-89



www.embomolmed.org Closeup
J. Scott McClellan and Ravindra Majeti

le Viseur C, Hotfilder M, Bomken S, Wilson K, Majeti R (2011) Monoclonal antibody Rehe K, Wilson K, Bomken S, Williamson D, Irving |,
Rottgers S, Schrauder A, Rosemann A, Irving J, therapy directed against human acute den Boer ML, Stanulla M, Schrappe M, Hall AG,
Stam RW, Shultz LD, et al (2008) In childhood myeloid leukemia stem cells. Oncogene 30: Heidenreich O et al (2013) Acute B
acute lymphoblastic leukemia, blasts at 1009-1019 lymphoblastic leukaemia propagating cells
different stages of immunophenotypic Nguyen LV, Vanner R, Dirks P, Eaves CJ (2012) are present at high frequency in diverse
maturation have stem cell properties. Cancer Cancer stem cells: an evolving concept. Nat Rev lymphoblast populations. EMBO Mol Med 5:
Cell 14: 47-58 Cancer 12: 133-143 38-51

EMBO Mol Med (2013) 5, 7-89 © 2012 The Authors. Published by John Wiley and Sons, Ltd on behalf of EMBO.



