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The long and winding road may be
getting shorter
----------------------------------------------------------------------------------------------------------------

Giorgio Zauli and Paola Secchiero UNIVERSITY OF TRIESTE, UNIVERSITY OF FERRARA

Guzman and collegues demonstrate that it is possible to specifically target leukemic
stem/progenitor cells with the naturally occurring small molecule parthenolide.
These findings open new avenues for the treatment of hematological malignancies.

The field of stem cell biology has recently
provided new insights on the pathogene-

sis, self-renewal, and spreading of both solid
cancers and hematologic malignancies. It is of
great practical interest to better understand
the role of these putative cancer stem cells, for
obvious therapeutic and follow-up manage-
ment purposes.1-3 In this issue of Blood, Guz-
man and colleagues show, through standard
colony-forming unit (CFU) in vitro assays,
that CD34�CD38� human leukemic stem/
progenitor cells (HLSCs), obtained from dif-
ferent patients affected by acute and blast cri-
sis chronic myeloid leukemia (AML and
bcCML), are more prone to parthenolide-
induced apoptosis than the normal counter-
parts (human hemopoietic stem cells [HSCs])
with remarkable specificity. Moreover, the
authors demonstrated, with reconstitution
studies in mice, that HLSCs are exquisitely
sensitive to the action of the small molecule
parthenolide in vivo, underscoring the pivotal
role of HLSCs in the establishment of acute
leukemia in vivo. In fact, parthenolide efficiently
inhibited the engraftment of the human leuke-
mic cell population in the bone marrow of sub-
lethally irradiated nonobese diabetic/severe
combined immunodeficient (NOD/SCID)
mice reconstituted by primary human cells
obtained from leukemic progenitors. The abil-
ity of parthenolide to kill HLSCs while spar-
ing normal HSCs is of particular relevance also

in consideration of the fact that cytosine arabi-
noside (Ara-C), one of the most widely em-
ployed drugs in the treatment of AML, is
much less specific than parthenolide for AML
cells and in particular for the HLSC fraction.
Consistently, Guzman and colleagues demon-
strated that Ara-C is significantly more toxic
to normal HSCs. In an attempt to gain insights
on the mechanism of action of parthenolide,
Guzman and collegues showed that nuclear
factor �B (NF-�B) inhibition, p53 activation/
phosphorylation, and induction of reactive
oxygen intermediates concur in variable
fashion to the effects of the drug on HLSCs.
Although the mechanism of action of parthe-
nolide requires further investigation, manipu-
lation of these intracellular pathways might

lead to potentiation of the antineoplastic activ-
ity of parthenolide. It is also suggested that
parthenolide might synergize with tumor ne-
crosis factor (TNF)–related apoptosis in-
ducing ligand (TRAIL)4 in inducing AML
cytotoxicity. Although this possibility is par-
ticularly attractive considering the relatively
low toxicity of TRAIL on normal HSCs and
its therapeutic potential for the combined
treatment of hematologic malignancies,5 it
remains to be demonstrated whether HLSCs
express the death receptors TRAIL-R1
and/or TRAIL-R2. Although the low solubil-
ity in water and poor pharmacologic properties
of parthenolide represent a major concern for
its therapeutic use, Guzman and colleagues
cite unpublished data demonstrating substan-
tial improvement by medicinal chemistry of
the molecule, with maintenance of the antitu-
mor properties in several parthenolide ana-
logues. Through this newborn field of cancer
stem cell chemotherapy, the long road to a less
toxic and more efficient and specific therapy
toward AML can now be attained. Further
studies will help in translating these very
promising findings into clinical practice. ■
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Old before its time: age-related thymic
dysfunction may preclude efficacy of
gene therapy in older SCID-X1 patients
----------------------------------------------------------------------------------------------------------------

Ruth Seggewiss and Cynthia E. Dunbar NATIONAL HEART, LUNG, AND BLOOD INSTITUTE

Gene therapy can not be reserved as a “salvage therapy” in SCID-X1 patients fail-
ing bone marrow transplantation.
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Thrasher and colleagues report in this issue
of Blood on the failure of gene therapy to

correct immune function when attempted in 2
patients aged 15 and 20 years with X-linked
severe combined immunodeficiency (SCID-
X1). Besides the implications for the timing of
gene therapy, the study also further demon-
strates the rapid and irreversible aging of the
thymus, and highlights the difficulties of com-
pletely recreating an immune system beyond
early childhood.

Children with severe forms of SCID, in
particular SCID-X1, usually die at less than 1
year of age from opportunistic infections.
Long-term survival is possible only with allo-
geneic stem cell transplantation (SCT), but
delayed diagnosis can result in severe infec-
tions that preclude successful transplantation.1

Even with early allogeneic transplantation, in
particular with haploidentical parental donors,
there is incomplete engraftment, with progres-
sive defects in T-cell immunity and a complete
lack of donor B cells, resulting in dependency
on monthly intravenous infusions of immuno-
globulin. These poor outcomes stimulated
intense interest in gene therapy approaches to
SCID.

In about 50% of all cases, SCID is inher-
ited as an X-linked recessive disease character-
ized by a block in T and natural killer (NK)
lymphocyte differentiation. The defective
gene encodes the common cytokine receptor
�-chain, located on the X chromosome. The
report of complete immune correction of

young SCID-X1 boys by transduction of their
CD34� bone marrow cells with a retroviral
vector encoding the common �-chain, and
reinfusion of transduced cells without condi-
tioning therapy, was very encouraging and
represented the first unequivocal demon-
stration of gene therapy efficacy.2,3 However,
worryingly, 2 children in this trial developed
T-cell leukemia due to insertion of the retro-
viral vector near the promoter of the proto-
oncogene LMO2,4 and a third child out of a
total of 11 entered in the trial was recently
also reported to have T-cell leukemia. Thus,
at present the risks and potential benefits of
gene therapy for this disease are being
reconsidered.

Thrasher and colleagues now report the
failure of gene therapy to produce therapeutic
effects and T-cell reconstitution despite suc-
cessful CD34� cell transduction in 2 patients
with SCID-X1 aged 15 and 20 years, both
enrolled in the trial at these advanced ages due
to gradual failure of immune function follow-
ing bone marrow transplantation (BMT).
Whether the apparent impossibility for pro-
ductive thymopoiesis in these patients was the
result of previous infections, graft-versus-host
disease (GVHD), or physiological aging of the
thymus remains hypothetical. It mirrors the
observed correlation between patient age at the
time of BMT and poor immune outcome in
SCID-X1 (eg, Patel et al5). This is a very im-
portant finding regarding the current discus-
sion about the optimal treatment strategy in

the absence of human leukocyte antigen
(HLA)–matched donors for SCID-X1 pa-
tients. It appears that gene therapy can not be
reserved as a “salvage therapy” in SCID-X1
patients failing or not maintaining immune
function following BMT. There is a need to
compare the oncogenic potential of different
vectors in relevant animal models in order to
develop safer gene therapy approaches based
on their potential for insertional activation of
oncogenes, but, as the work of Thrasher and
colleagues demonstrates, additional efforts are
also required to better understand the biology
of diseases that are candidates for therapeutic
genetic intervention to design optimal treat-
ment strategies. ■
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