
isolated primary cell populations in the context
of a large comparative atlas. Further studies
on rarer populations will follow in the
months to come. On a final note, genome-
wide analyses of cell type-specific transcripts
revealed that a large fraction of the
mammalian genome is specifically expressed
in the hematopoietic lineages, the majority of
which appear to be previously unrecognized
transcripts including novel long noncoding
and enhancer RNAs.6 Additionally, an
evolutionary study of protein domain
architectures points to early evolution of
myeloid and later evolution of lymphoid (in
particular, T) cells.9 There is much more to
find in the FANTOM5 data.
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Dangerous power:
mitochondria in CLL cells
-----------------------------------------------------------------------------------------------------

Li Jia1 and John G. Gribben1 1BARTS CANCER INSTITUTE

In this issue of Blood, Jitschin et al provide compelling evidence that increased
mitochondrial oxidative phosphorylation and production of reactive oxygen
species (ROS) leads to reduced T-cell immune function.1

A half-century ago,Warburgpostulated that
mitochondrial respiration is impaired in

cancer cells and the failure of adenosine
triphosphate (ATP) production by
mitochondria is compensated by an increased
anaerobic glycolysis.2 Although this theory
has been confirmed in many solid tumors,
less is understood about the metabolism of
leukemic cells. It was demonstrated that chronic
lymphocytic leukemia (CLL) cells have
increased mitochondrial biogenesis3 and ROS
production compared with normal B cells and
that high levels of ROS have been detected in
more aggressive CLL cells.4 However, the
source of ROS production in CLL cells and
whether theoxidative stress could affect immune
function of the T cell are not clear. In this issue,

Jitschin et al present evidence that (CLL)
cells have elevated mitochondrial oxidative
phosphorylation but do not have increased
aerobic glycolysis, demonstrating that circulating
CLL cells and solid tumor cells rely on distinct
bioenergetics.1 Importantly, the greater
mitochondrial respiration leads to increased
ROS production and intrinsic oxidative stress.

First, the authors determined the status
of oxidative stress in the sera from 63 CLL
patients compared with healthy donors.
DNA-(8-OHdG) and lipid oxidation
(malondialdehyde [MDA]) were used as
surrogate markers for ROS. They found that
CLL cells have significantly increased levels of
both 8-OHdG andMDA.Higher levels of ROS
correlated with numbers of circulating CLL

cells. Immune cells are sensitive toROS-induced
damage or even cell death by apoptosis.
Increased levels of ROS in the
microenvironment can be detrimental for
immune cells. Our previous study demonstrated
that CD41 and CD81 T cells in CLL show
impaired immunologic synapse formation.5

Jitschin et al detected that CD41 and CD81

T cells in ROShigh patients showed significantly
reduced levels of CD3z chain expression.
Particularly, ROShigh patients have less activated
phenotype of CD41 cells. The addition of the
antioxidant N-acetyl-cysteine (NAC) prevented
CLL cell-mediated T-cell dysfunction.

Intracellular ROS are often generated via
the catalytic action of NADHP oxidase (NOX)
and/or the mitochondrial electron transport
chain (mETC) which is cell type-dependent.
The authors found that CLL cells have lower
expression of gp91, a subunit of NOX,
compared with normal B cells. CLL and
normal B cells showed a similar capacity in
responding to stimulation of NOX by either
an increase in its substrate or induction
of respiratory burst by phorbol 12-myristate
13-acetate, indicating that NOX is not
responsible for ROS overproduction by
CLL cells. Gene expression of intracellular
antioxidants catalase and heme oxygenase-1
(HO-1) was significantly increased in CLL
cells. By contrast, mitochondrial manganese
superoxide dismutase (MnSOD) expression
was significantly reduced in CLL cells. Jitschin
and colleagues suggested that significantly
increased mitochondrial superoxide
production might be caused, at least in part, by
reduced levels of MnSOD. To further identify
the ROS generation system in CLL cells, the
mitochondrial targeting antioxidantMitoQ and
NOX inhibitor diphenyleneiodonium were
used to inhibit ROS production. Only MitoQ
led to a significant reduction of ROS
production, indicating that mitochondria are
the source of ROS production in CLL cells.

Using multiple techniques, the authors
thoroughly demonstrate that CLL cells have an
increased mitochondrial biogenesis, such as
increased mitochondrial mass, membrane
potential, ATP production, mitochondrial
DNA copy numbers, oxygen consumption,
and mETC activity. Mitochondrial
transcription factor (TFAM) is highly
expressed in CLL cells and this may lead to
an increased mitochondrial mass. However,
aerobic glycolysis is not increased in CLL cells
compared with normal B cells. This supports
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our previous finding that leukemic cells meet
high energy demand by increasing mETC
activity, rather than increasing aerobic
glycolysis.6 The superoxide radical is generated
by mitochondrial complex I and III as an
incompletely reduced by-product. ROS
production is often induced when mETC is
uncoupled with ATP synthesis.7 Interestingly,
this study found that the mitochondria in CLL
cells are in a perfectly coupled condition.

To connect ROS production and
mitochondrial biogenesis, Jitschin et al
manipulated redox status by treating CLL
cells with antioxidants NAC or MitoQ and
found that expression of bothTFAMandHO-1
was reduced after treatment with an antioxidant.
Interestingly, inhibition of HO-1 by SnPP
significantly reduced TFAM expression.
Therefore, the authors drew an indirect
interconnection between ROS production,
cellular adaption to ROS, and mitochondrial
biogenesis. Finally, PK11195, a benzodiazepine
derivate inhibitor for F1F0-ATPase, the
complex V of mETC, was used to block
oxidative phosphorylation. PK11195-mediated
overproduction of superoxide selectively
induced apoptosis in CLL B cells, leaving
T cells and normal B cells unaffected.

Therefore, the authors propose 2 opposite
therapeutic redox-manipulating strategies for

CLL (see figure). First, treatment of CLL cells
using antioxidants could neutralize endogenous
ROS and protect the immune system. Second,
induction of ROS overproduction by targeting
mETC could selectively kill CLL cells. Thus,
mitochondria, the source of dangerous power
in CLL, need to be controlled in favor of the
immune system and can be used as a killerwithin
the CLL cells. This study improves our
understanding that leukemic cells circulating in
a normoxic condition rely on mitochondrial
oxidative phosphorylation for energy supply.
This is distinct from solid tumor cells which

grow in the hypoxia conditionwithdysfunctional
mitochondria and therefore mainly rely on
anaerobic glycolysis.Tumor cells producehigher
levels of ROS by dysfunctional mitochondria.
The causes of ROS overproduction by CLL
mitochondria pose challenging questions. It is
not yet clear how increased ROS levels are
generated by functional coupled mETC and
whether this is merely due to increased
mitochondrial biogenesis in CLL cells.
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Podosomes are disrupted
in PAPA syndrome
-----------------------------------------------------------------------------------------------------

Isabelle Maridonneau-Parini1,2 1CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE; 2UNIVERSITÉ DE TOULOUSE

In this issue of Blood, Starnes et al describe a novel proline-serine-threonine
phosphatase-interacting protein 1 (PSTPIP1) mutation that is responsible for
pyogenic arthritis, pyoderma gangrenosum, and acne (PAPA) syndrome. This
helps us understand how PSTPIP1 regulates podosome and filopodia formation
and migration of macrophages.1

Two opposite therapeutic redox-modulating strategies for the treatment of CLL. (A) Using antioxidant to neutralize ROS,

CLL cells produce and release ROS into the microenvironment and ROS are dangerous to T cells. Antioxidant can

neutralize ROS and prevent ROS-mediated damage to T cells. (B) Rapid induction of ROS. Blocking the mETC causes

rapid ROS production by mitochondria and this could induce apoptotic cell death of CLL cells.
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