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It is now well-established that acute myeloid leukemia
(AML) emerges following a long evolution involving a pre-
leukemic phase, in which mutations occur in normal he-
matopoietic stem cells, which clonally expand while
maintaining differentiation. The basic evidence for this
concept came from a series of studies by Philip J. Fial-
kow, in which simple and elegant experiments led to
groundbreaking conclusions regarding the clonality, cell
of origin, and evolution of AML.

These works rely on the inference of the active X chro-
mosome in women as a clonal marker. In women, due to
X-inactivation, each cell expresses either the paternal or
the maternal X chromosome. Thus, a healthy adult tissue
consists of a mixture of cells expressing either the pa-
ternal or the maternal X, while a clonal leukemia arises
from one cell and, therefore, consists entirely of cells ex-
pressing either the paternal or the maternal X.

In 1967, Fialkow studied 3 chronic myeloid leukemia
(CML) patients who were heterozygous for X-linked gene
G6PD.! He measured the G6PD gene product as a clonal
marker in patient-derived erythrocytes and granulocytes,
as well as skin-derived fibroblasts. While the fibroblasts
expressed both G6PD types, the erythrocytes and granu-
locytes expressed only one type, suggesting they were
derived from one cell. From this he concluded that CML
is a clonal disease, and suggested that it is derived from
a stem/progenitor cell common to both erythrocytes and
granulocytes.

The same methodology was applied to studies of AML, in
which Fialkow demonstrated that AML too is a clonal di-
sease.? Furthermore, he performed lineage tracing in AML
patients by studying the G6PD gene product in various
hematopoietic cell types, and established that AML can

originate in two distinct cell types: either a multipotent
stem cell or a progenitor of granulocytes and macropha-
ges.?® By studying the G6PD gene product in samples
from AML remission, he showed two distinct remission
types, either non-clonal (suggested to originate in normal
stem cells that re-populated the bone marrow after
treatment) or clonal remission.?* He further linked the
cell of origin with remission type in AML. He observed
that one form of AML is typical of younger patients, in
which the leukemia originates in a granulocyte-macro-
phage progenitor, and non-clonal remission is obtained
from normal stem cells; the second type, typical to older
patients, originates in a multipotent stem cell, in which
remission is clonal.®* The observation that in 100% of pa-
tients with clonal remission, the clone in remission
shows the same marker as the clone in diagnosis, proved
that clonal remission starts from a pre-leukemic stem
cell.® This led to the conclusion that AML occurs in a
multi-step fashion, starting with a preleukemic phase
which involves the clonal proliferation of hematopoietic
stem cells, followed by a late stage involving the acqui-
sition of 'late' chromosomal changes which give a selec-
tive advantage of subclones to evolve to leukemia.®

The important concepts introduced by these experiments
are the consequence of scrupulous observation, but even
more so, of bold and brilliant interpretation that has re-
volutionized the understanding of the evolution of AML.
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"...at least two steps were involved in the pathogenesis of this patient’s leukemia: one causing proliferation of a clone of
genetically unstable hematopoietic stem cells and a second causing chromosomal abnormalities in descendants of these
progenitors. Acquisition of the cytogenetic abnormalities may be needed for the transformation of the pre-leukemic

clone into cells exhibiting the proliferative and differative abnormalities of the frankly leukemic subclone”

Figure 1. Main contributions of the works by Fialkow to the study of acute myeloid leukemia (AML) evolution over the years. CML:

chronic myeloid leukemia.
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