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BH3 mimetics and multi-kinase inhibition
in AML
----------------------------------------------------------------------------------------------------------------

Elspeth M. Beauchamp and Leonidas C. Platanias NORTHWESTERN UNIVERSITY

In this issue of Blood, Rahmani et al show in preclinical studies that the combina-
tion of the multi-kinase inhibitor sorafenib with the BH3 mimetic obatoclax results
in enhanced antileukemic effects compared with the effects of each agent alone.1

This work has important clinical implications because it describes a novel approach
to overcome acute myeloid leukemia (AML) cell resistance by combining agents
that are currently being investigated in trials as single agents.

Despite recent advances on our under-
standing of mechanism and cellular path-

ways that promote proliferation and survival
of leukemia cells, there is a desperate need for
the design and development of innovative

therapeutic approaches for the treatment of
patients with AML. Sorafenib is a multi-
kinase inhibitor, which targets and inhibits
several tyrosine and serine-threonine kinases,
including FLT3, RAF, VEGFR, PDGF, and

c-kit.2 This agent has shown substantial clini-
cal efficacy and is currently approved by the
US Food and Drug Administration for the
treatment of advanced hepatocellular and re-
nal cell carcinoma.2 There has been a particu-
lar interest in its potential use for the treat-
ment of AML due to its ability to inhibit
FLT3.2 FLT3 is mutated in approximately
30% of AML cases, with the most common
mutation being the internal tandem duplica-
tion in the juxtramembrane domain.2 FLT3
mutations carry a poor prognosis and many of
these patients respond poorly to standard che-
motherapeutic regimens.2 Beyond sorafenib,
there have been ongoing preclinical and clini-
cal efforts using other specific kinase inhibi-
tors, potentially more FLT3-specific than
sorafenib.2 However, a strong interest in
sorafenib remains because of its superior phar-
macokinetics and pharmacodynamics.3

Sorafenib has a long plasma half-life, one of its
major metabolites is more potent than the par-
ent compound, and inhibits FLT3-ITD more
effectively at plasma concentrations achievable
in patients.3 In clinical trials, sorafenib has
shown promising results either as a mono-
therapy or when combined with standard che-
motherapy, with complete remissions (CRs)
seen in some FLT3-ITD patients.4

Despite the promise of sorafenib as an
agent with activity against FLT3-ITD, there
are many potential limitations, including ini-
tial inherent resistance to FLT3 inhibitors due
to concurrent downstream pathway activation,
and emergence of mutations during therapy
that reduce inhibition or prevent drug bind-
ing.2 Another important mechanism is the
up-regulation of antiapoptotic Bcl-2 family
members.5 Despite an intense focus on
sorafenib in FLT3-mutated AML, one re-
search group has previously shown that
sorafenib, at clinically achievable concentra-
tions, can kill wild-type FLT3 AML cells.6

Such antileukemic effects on FLT3 wild-type
leukemia cells are characterized by down-
regulation of the Mcl-1 protein through an
effect on translation, suggesting an approach
to circumvent resistance by targeting Mcl-1.6,7

Dysregulation of the Bcl-2 family of pro-
teins leading to a resistance to chemotherapy
has been well described in leukemia.8 The
Bcl-2 family consists of both pro- and anti-
apoptotic family members.9 The antiapo-
ptotic/prosurvival proteins are Bcl-2, Bcl-xL,
Bcl-W, Mcl-1, and A1.9 They interact and
suppress the activity of the proapoptotic pro-
teins Bax and Bak.9 The BH3-only proteins
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Obatoclax
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Autophagy

Apoptosis
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Model for the enhancing effects of obatoclax on sorafenib-induced AML cell death. Professional illustration by
Paulette Dennis.
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Bim, Bid, Puma, Noxa, Bad, and Bik are ca-
pable of promoting apoptosis by binding to
antiapoptotic proteins and preventing them
from interacting with Bak and Bax.9 In the
case of Bid and Bim, they can directly activate
Bak and Bax.9 Because of the importance of
these mechanisms in drug resistance, several
compounds have been developed to directly
target the antiapoptotic proteins. However,
there has been evidence that AML cells de-
velop resistance to ABT-737, a promising
compound that inhibits Bcl-2/Bcl-xL/
Bcl-W, because of up-regulation of Mcl-1,
which ABT-737 does not target.10 For this
reason obataclax is a superior compound espe-
cially in the setting of AML due to its ability to
inhibit all the antiapoptotic proteins, including
Mcl-1.11

Here, Rahmani et al demonstrate enhanced
apoptosis of AML cells treated with the kinase
inhibitor sorafenib combined with the BH3
mimetic obatoclax. This is characterized by
down-regulation of MCL-1, inhibition of
BCL-2/BCL-xl, and enhanced activity of
BIM and BAK (see figure). Importantly, such
combined treatment specifically targets the
AML cells directly while sparing normal
CD34� cells. Although these studies were
focused mostly on AML cells expressing wild-
type FLT3, the combined treatment did also
show efficacy against cells from a patient ex-
pressing the FLT3� mutant as well. Thus, the
combination of sorafenib and obatoclax may be
effective in a wide range of AML patients and
may be a combination clearly worth exploring
in clinical trials. Rahmani and colleagues also
demonstrate that knockdown of Bak and Bax
abrogate some of the apoptotic effects of the
2 agents combined, suggesting that decreased
expression or loss of either of these 2 proteins
may result in leukemic cell resistance. How-
ever, obatoclax also causes cell-cycle arrest in
addition to effects on apoptosis, indicating that
even with the loss of Bak or Bax it may still
have some antileukemic activity via other tar-
gets.11 Another important aspect of this study
is the demonstration that induction of au-
tophagy by the combination of sorafenib and
obatoclax is cytoprotective. However, this can
be overcome by inhibiting autophagy with
chloroquine (see figure), raising the possibility
that combined triple inhibition using
sorafenib/obatoclax and an autophagy inhibi-
tor may provide an approach to optimize
efficacy.

Altogether, the results of this study are
highly relevant and have important clinical-
translational implications. Because of the effi-
cacy of the combination of sorafenib and

obataclax against AML cells, it would be inter-
esting to examine in future studies whether
this combination, alone or in combination with
autophagy inhibitors, can eliminate leukemia-
initiating cells (LICs). There are also other
multi-kinase inhibitors that are either ap-
proved for treatment of specific solid tumors
or are in clinical development. Combining
such inhibitors with obatoclax may provide an
approach to enhance their therapeutic efficacy
in other malignancies beside AML. In a simi-
lar way, efforts to define the effects of combi-
nations of obactolax with the next generation
of FLT3 inhibitors are warranted and may
provide an approach to enhance the antileuke-
mic properties of such inhibitors as well.
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Losing a “nucleus” to gain a cytoplasm
----------------------------------------------------------------------------------------------------------------
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It has been known for more than 130 years that mammalian red cells lack a nucleus
and, thus, differ fundamentally from the red cells of fish, birds, and reptiles that
maintain their nucleus caged in a network of intermediate filaments.1 However, the
process of erythroblast enucleation has remained provocative and poorly under-
stood. In this issue of Blood, Konstantinidis et al provide evidence that erythroblast
enucleation is a more complex and multistep process than previously thought, involv-
ing sequential actions of tubulin and filamentous actin, as well as lipid raft formation.2

P ioneering studies of late-stage murine
erythroblasts indicated that a filamentous

actin ring forms between the nascent reticulo-
cyte, which contains the majority of the cyto-
plasm, and the nascent “extruded nucleus” or
pyrenocyte, which consists of the nucleus sur-
rounded by a cell membrane and thin rim of
cytoplasm3 (see figure). Subsequent studies
indicated that microtubules as well as an actin
ring regulated by Rac GTPases may be in-
volved in erythroblast enucleation.4,5 Re-
cently, a role for nonmuscle myosin IIB in
both cytokinesis and enucleation of human
erythroblasts has been postulated.6 Other in-

vestigators have found no functional role for
microtubules during enucleation, but rather
have provided evidence that membrane vesicle
trafficking is important for enucleation and
stressed the differences between cytokinesis
and enucleation.7,8

The process of erythroblast enucleation
has been particularly difficult to study because
it normally occurs very rapidly, taking less
than 10 minutes to complete, and because
enucleation rates can be notoriously low when
erythroblasts are differentiated in vitro.
Konstantinidis et al make innovative use of a
novel technology, imaging flow cytometry,9 to
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