
Thus, whereas loss of HIF-1 or HIF-2 activity
in ECs is compatible with normal cardiovascu-
lar development, the combined loss of HIF-1
and HIF-2 activity is not. Overexpression of
HIFdn may have confounding effects, such as
competitive binding to proteins that interact
with HIF-2� at residues not deleted in
HIFdn, resulting in their cytoplasmic seques-
tration. It will be interesting to determine
whether EC-specific HIF-1� deficiency phe-
nocopies HIFdn and whether combined loss of
HIF-1 and HIF-2 at earlier developmental
stages (ie, prior to Flk1 expression) reveals
essential roles for these proteins in hemangio-
poiesis or vasculogenesis. Nevertheless, the
results of Licht et al provide strong evidence
that HIF-1 and HIF-2 play critical intrinsic
roles in ECs. Because of their dual (extrinsic and
intrinsic) effects, targeting these factors may
represent a powerful approach to inhibiting an-

giogenesis in cancer and other disorders that are
dependent upon neovascularization. ■

REFERENCES
1. Semenza GL. Hydroxylation of HIF-1: oxygen sensing
at the molecular level. Physiology (Bethesda). 2004;19:
176-182.

2. Raval RR, Lau KW, Tran MG, et al. Contrasting prop-
erties of hypoxia-inducible factor 1 (HIF-1) and HIF-2 in
von Hippel-Lindau-associated renal cell carcinoma. Mol
Cell Biol. 2005;25:5675-5686.

3. Kaelin WG Jr. The von Hippel-Lindau protein, HIF
hydroxylation, and oxygen sensing. Biochem Biophys Res
Commun. 2005;338:627-638.

4. Manalo DJ, Rowan A, Lavoie T, et al. Transcriptional
regulation of vascular endothelial cell responses to hypoxia
by HIF-1. Blood. 2005;105:659-669.

5. Tang N, Wang L, Esko J, et al. Loss of HIF-1� in endo-
thelial cells disrupts a hypoxia-driven VEGF autocrine loop
necessary for tumorigenesis. Cancer Cell. 2004;6:485-495.

6. Scortegagna M, Ding K, Oktay Y, et al. Multiple organ
pathology, metabolic abnormalities and impaired homeosta-
sis of reactive oxygen species in Epas1�/� mice. Nat Genet.
2003;35:331-340.

● ● ● IMMUNOBIOLOGY

Comment on Bilancio et al, page 642

Knock-outs and inhibitors: one and
the same?
----------------------------------------------------------------------------------------------------------------

Zachary A. Knight and Kevan M. Shokat UNIVERSITY OF CALIFORNIA, SAN FRANCISCO

A comparative analysis of isoform-specific PI3K inhibitors and cells from kinase-
dead knock-in mice confirms a key role for p110	 in B-cell signaling.

Phosphoinositide 3-kinases (PI3Ks) gen-
erate lipid second messengers that are

critical for diverse aspects of the immune re-
sponse. Two PI3Ks (p110
 and p110	) are
preferentially expressed in leukocytes, and
knock-out (KO) mice for these 2 kinases reveal
unique defects in immune signaling. p110


KO animals exhibit impaired neutrophil and
macrophage chemotaxis,1,2 whereas mice lack-
ing p110	 show defective signaling from the

B- and T-cell antigen receptors,3,4 among
other phenotypes. Based on these data, the
pharmaceutical industry has aggressively pur-
sued selective inhibitors of these enzymes as
potential drugs for the treatment of autoim-
mune disease.

Unfortunately, the story is not quite so
simple. The same studies that implicated
PI3Ks in diverse immune signaling also raised
questions about what a drug targeting these

kinases would really do.5 One strain of p110


KO mice, but not others, is prone to colon
cancer, and the molecular basis for this differ-
ence is unknown.6 p110
 KO mice suffer from
increased cardiac contractility, whereas those
that express a kinase-dead (KD) p110
 (which
better mimics the effects of an inhibitor) do
not.7 Conversely, animals expressing p110	

KD exhibit more pronounced defects in lym-
phocyte signaling and development than
p110	 KO mice.8 Taken together, these data
have served to remind the scientific commu-
nity that subtly different types of knock-outs
can induce very different phenotypes, and that
none of these necessarily anticipate the effect
of a small molecule drug (see figure).

In this issue of Blood, Bilancio and col-
leagues directly address this question in mu-
rine B cells by comparing pharmacologic and
genetic inactivation of PI3K isoforms. The
authors use the first selective inhibitors of
p110
 and p110	 to define the role of these 2
kinases in signaling from the B-cell antigen
and IL-4 receptors, and then compare these
results with B cells from p110	 KD mice.
They report that the p110	 inhibitor IC87114
potently inhibits B-cell receptor–induced pro-
liferation, calcium mobilization, and activation
of downstream PI3K effectors such as Akt—
all of which are recapitulated by cells from
p110	 KD mice. By contrast, the p110
 inhib-
itor AS-604850 has no effect on these signaling
events, excluding an essential role for p110
 in
signaling from the B-cell receptor. Because
small molecule inhibitors always possess im-
perfect specificity, the authors’ use of 2 com-
pounds with complementary selectivity helps
to reinforce these conclusions.

One intriguing observation from this study
is that the p110	 inhibitor IC87114 is signifi-
cantly more potent in B cells (IC50 � 0.04-
0.14 �M) than in most other cells (typical
IC50 � 1-5 �M). This presumably reflects the
fact that B-cell signaling is tuned to be more
sensitive to the amount of p110	 activity than
signaling in other cell types (including other
leukocytes that highly express p110	) and sug-
gests that in the intact organism, B cells are
likely to be more sensitive to pharmacologic
disruption by p110	 inhibitors. As PI3K iso-
forms often collaborate to synthesize the same
lipids within the same cell, defining these iso-
form and cell-type–specific thresholds repre-
sents a key challenge for understanding signal-
ing by this family of enzymes. Pharmacologic
approaches such as the one reported here by

Genetic and pharmacologic approaches for inactivating the class IA PI3Ks, which are heterodimers of cata-

lytic (p110) and regulatory (p85) subunits.
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Bilancio and colleagues will be an important
tool for meeting this challenge. ■
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Bcl-rambo: a maverick of apoptotic
genes
----------------------------------------------------------------------------------------------------------------

James Feusner CHILDREN’S HOSPITAL AND RESEARCH CENTER OF OAKLAND

Holleman and colleagues report finding differential expression of groups of apo-
ptotic genes with differing subgroups of ALL, but only one such gene associated
significantly with drug resistance and risk of relapse—BCL2L13 (Bcl-rambo).

Apoptosis, mitochondrial or death-recep-
tor mediated, is one of the main mecha-

nisms of tumor cell death induced by chemo-
therapeutic agents. Cellular drug resistance
has been linked with unfavorable prognosis in
leukemia,1 and with a decreased ability to in-
duce apoptosis. To date, few genes have been
examined as potential mediators of drug resis-
tance through apoptosis. In this issue of the
journal, Holleman and colleagues report the
results of their extensive evaluation of 70 apo-
ptosis genes in this regard.

The authors studied children treated
both in Holland and in the United States (St
Jude) for acute lymphoblastic leukemia
(ALL). This work is the first to describe an

association between differential apoptotic
gene expression and leukemia lineage, ge-
netic subtype, and in vitro drug resistance in
childhood ALL. Although only one of these
genes was found to associate independently
with patient outcome, it is of considerable
interest.

This gene, BCL2L13, was also found to be
significantly related to resistance to one drug,
L-asparaginase. The clinical significance of
this is the potential for down-regulation of this
gene by antisense oligonucleotides or specific
inhibitor therapy. This approach could sensi-
tize the ALL cells to L-asparaginase.

This is exciting news, but must be tem-
pered a bit. First, the number of patients

studied was relatively small (190 from Hol-
land, 92 from St Jude). Second, this was a
retrospective study and would need to be
validated in a prospective manner. Third,
the authors did not have enough patients
with T-lineage ALL to study it meaning-
fully. This is unfortunate, since this is a
large subgroup of pediatric ALL and is one
of the most difficult to treat. And last, some
of the analyses for risk of relapse involved
very small patient numbers (eg,  10 each for
BCR-ABL, E2A-rearranged, or MLL-rear-
ranged cases).

Of interest, the association of this gene’s
expression and outcome was counterintuitive.
Increased messenger RNA levels of this gene
were associated with cellular resistance to L-
asparaginase and an increase relapse rate.
Based on cell line work, one would have ex-
pected an increased expression of this pro-
apoptotic gene to have led to an increase in cell
kill and hence fewer relapses. One explanation
offered by the authors is posttranslational pro-
duction of splice variants that have relatively
more antiapoptotic function. Protein expres-
sion and function studies will need to be con-
ducted to sort this out.

We look forward to others duplicating
this work, in prospective studies. If the find-
ing of Holleman et al is confirmed, it could
lead to significant clinical improvement in
outcome, since L-asparaginase is very im-
portant to long-term outcome for many chil-
dren with ALL.2,3 ■
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