
CR1 after receiving a T cell– depleted hap-
loidentical transplantation. Whether there is
greater dependence on an early T-cell re-
sponse or another mechanism, the data sug-
gest that T cell– depleted haploidentical
transplantation should be used only for chil-
dren with ALL at CR2 or higher, no matter
the center size.

In summary, this study suggests that for
the majority of pediatric HCT centers, UCB
transplantation should be the preferred
option. T cell– depleted haploidentical
transplantation should be used only for chil-
dren with ALL at CR2 or higher at larger
centers that have a high level of experience
with T cell– depleted haploidentical trans-
plantation. Less technology-dependent ap-
proaches to haploidentical transplantation,
such as pharmacologic approaches with cy-
clophosphamide after transplantation,6 po-
tentially should be considered as a future
strategy for many pediatric HCT centers,
especially those that do not have an easy ac-
cess to unrelated UCB donors.
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Fanconi anemia strikes early in utero
----------------------------------------------------------------------------------------------------------------

Johnson M. Liu FEINSTEIN INSTITUTE FOR MEDICAL RESEARCH

In this issue of Blood, Tulpule and colleagues1 describe the use of lentiviral vectors
to knock down FANCA and FANCD2 in hESC lines, which results in early hema-
topoietic defects reminiscent of the human disease.

Fanconi anemia (FA) is an autosomal reces-
sive disorder characterized by bone mar-

row failure, birth defects, and a predisposition
to malignancy. A plethora of new scientific
information has clearly established that the
13 known FA gene products are involved in
the regulation of DNA repair (reviewed in
de Winter and Joenje2). It is currently believed
that 8 of the FA proteins (FANCA, B, C, E, F,
G, L, and M) form a nuclear complex that
functions “upstream” in the pathway to enzy-
matically monoubiquitinate a heterodimer
pairing between FANCI and FANCD2 (re-
ferred to as the ID heterodimer). Following
this biochemical activation, the ID het-
erodimer is targeted to nuclear foci that con-
tain BRCA1, RAD51, and BRCA2/
FANCD1, which ultimately participate in
homology-directed DNA repair. FANCD2,

FANCI, and BRCA2/FANCD1 thus act
“downstream” in the pathway from the core
complex, and may have additional functions in
maintaining genomic integrity as well. This
view of the FA pathway certainly explains the
hypersensitivity of patients’ cells to DNA
cross-linking agents, which still forms the ba-
sis for diagnosing FA.

Knowledge gained of the molecular func-
tion of the FA gene products has not yet trans-
lated, however, into an understanding of the
pathophysiology or ontogeny of the bone mar-
row failure that is the clinical hallmark of the
disease. A clear picture has been elusive thus
far, largely because mouse knockout models do
not exhibit spontaneous marrow failure. Fur-
thermore, because nearly all of the insights
obtained have relied on experiments on post-
natal hematopoietic cells from the peripheral

blood or bone marrow, not much is known
about the ontogeny of hematopoiesis in utero.

To summarize many years of research on
FA mouse models, individual knockouts of
Fanca, Fancc, Fancg, and Fancd2 genes have
been generated, but none spontaneously de-
velops bone marrow failure, aplastic anemia,
leukemia, or skeletal abnormalities (reviewed
in Parmar et al3). Although the mice exhibit
subtle hematopoietic cell abnormalities in-
cluding decreased long-term repopulating
ability4 and hypersensitivity to oxidative
stress5 and inhibitory cytokines such as tumor
necrosis factor-alpha,6 progressive pancytope-
nia is not seen but can be induced after DNA
damage with mitomycin C treatment.7

A popular theory8 that accounts for many
aspects of the knockout mouse data is summa-
rized in the figure (top panel). In this scenario,
FA hematopoietic stem cells are initially nor-
mal in number at birth but suffer a steady de-
cline as a result of a high rate of apoptosis,
which leads to bone marrow failure. Due to
strong selective pressure for stem cells resis-
tant to apoptosis, secondary mutations in
apoptosis-regulating genes can lead to clonal
escape and expansion of preleukemic cells.

The work from Tulpule et al contradicts
several key tenets in this theory and leads to a
different picture (bottom panel of the figure).
First, Tulpule et al demonstrated that knock-
down of FANCA and FANCD2 in hESCs led
to a reduction in hematopoietic fates and pro-
genitor numbers that could be rescued by ex-
pression of the wild-type FA gene product. In
these assays, human embryonic stem cells
(hESCs) were induced to differentiate to em-
bryoid bodies (EBs) and then to hematopoietic
lineages. Hematopoiesis was impaired from
the earliest stages of blood cell formation,
which contrasts with the view of progressive
stem cell loss during early childhood. A second
unexpected finding was an apparent absence of
significantly increased apoptosis rates in FA
hematopoietic progenitors, suggesting that the
observed hematopoietic defect might not be a
result of direct cell loss at all.

Other unexpected findings included pos-
sible intrinsic developmental differences be-
tween “upstream” and “downstream” FA
mutants. Knockdown of FANCD2 resulted in
a much greater impairment of hematopoietic
development from hESCs than knockdown of
FANCA, suggesting greater deficiencies in
embryonic hematopoiesis and accelerated pro-
gression to marrow failure in FA-D2 patients.
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It is not yet clear whether these differences
reflect clinically meaningful differences be-
tween patients with mutations in upstream
genes versus downstream genes (FANCD2,
FANCI, and BRCA2/FANCD1).

For the FA field, the work of Tulpule et
al raises a host of new questions. One impor-
tant issue that suggests itself is how cancer
evolves in the FA patient. Because there
appear to be markedly different patterns of
cancer development in patients with core
complex versus downstream FA proteins,
this might be a particularly fruitful area to
apply the hESC model. Preliminary data
from Tulpule and colleagues have suggested
that apoptosis may not account for the he-
matopoietic growth defect in utero. Confir-
mation of this result should be sought and
other mechanisms of growth inhibition
tested. The authors have further shown that
EB-derived populations exhibited impaired
hematopoietic development coupled with
primitive type gene expression and reduc-
tions in homeotic gene regulators such as
CDX1, known to be involved in embryonic
hematopoiesis and patterning of the ventral
mesoderm.9

A final implication of this work comes from
the new induced pluripotent stem cell (iPSC)
technology field. The Izpisúa-Belmonte group
reported that FA patient fibroblasts could not
be reprogrammed to iPSCs in the absence of
genetic complementation.10 Only after correc-
tion with wild-type FA gene product could

iPSCs be generated, which then gave rise to
normal numbers of disease-free hematopoietic
progenitors. This study has reiterated the sus-
pected crucial role of the FA pathway in the
self-renewal of pluripotent stem cells.
Coupled with the early impairment of embry-
onic hematopoiesis in FA, it again points to the
powerful selective advantage corrected cells
should possess over mutant. Harnessing this

advantage to develop effective cell and gene
therapy may be the next challenge.
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Positioning NK-�B in multiple myeloma
----------------------------------------------------------------------------------------------------------------

Bernard Klein INSERM, U847, MONTPELLIER

In this issue of Blood, the noncanonical NF-�B pathway and/or the canonical path-
way, is aberrantly activated in 17% of patients with MM and 40% of MM cell lines
through various gene abnormalities that result in NIK stabilization mostly.1

The NF-�B (nuclear factor kappa-light-
chain-enhancer of activated B cells) path-

way involves dimers of transcription factors
(TFs) of the Rel/NF-�B family, comprising
RelA/P65, c-rel, RelB, NF-�B1 (p50 and its
p105 precursor) and NK-�B2 (p52 and its
precursor p100).2 NF-�B pathway plays a
central role in infection and inflammation, and
in lymphopoiesis, particularly in normal B-cell
and plasma cell development. These TFs are
normally kept inactive in the cytoplasm
through binding with inhibitors called I�B

(inhibitor of �B) or unprocessed NF-�B1 or
NF-�B2. Cell activation may result in activa-
tion of I�B kinases (IKKs), mainly IKK� in
the canonical pathway and IKK� in the non-
canonical pathway. Activation of IKK� results
in the phosphorylation, ubiquitination, and
degradation of I�B� and other I�Bs, releasing
TF dimers (mainly P65/P50) to the nucleus
that activate NF-�B target genes. In the non-
canonical pathway, NF-�B–inducing kinase
(NIK) induces phosphorylation and activation
of IKK� dimers, resulting in phosphorylation

Ontogeny of hematopoietic failure in FA: old theory (top panel) and new theory (bottom panel).
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