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Chic adaptor regulates apoptosis in CLL
----------------------------------------------------------------------------------------------------------------

Dimitar G. Efremov INTERNATIONAL CENTRE FOR GENETIC ENGINEERING & BIOTECHNOLOGY

In this issue of Blood, Capitani and colleagues report 3 novel and interesting find-
ings that appear highly relevant to the pathophysiology of CLL: (1) that expression
of the molecular adaptor p66Shc is substantially reduced or absent in CLL B cells;
(2) that p66Shc attenuates BCR signaling, presumably by preventing Syk recruit-
ment and/or activation following BCR engagement; and (3) that reduced expres-
sion of p66Shc leads to deregulated expression of antiapoptotic (Bcl-2, Bcl-xL) and
proapoptotic (Bax, Bak) Bcl-2 family proteins in CLL B cells.1

Chronic lymphocytic leukemia (CLL)
B cells display 2 typical features that are

believed to play an important role in the
pathogenesis of this disease. The first is over-
expression of the antiapoptotic protein Bcl-2,
which is considered largely responsible for the
extended survival of the leukemic cells. The
mechanisms that mediate Bcl-2 overexpres-

sion in CLL are still not completely under-
stood, although down-regulation of miR-15
and miR-16, which negatively regulates Bcl-2
at a posttranscriptional level, is a likely expla-
nation in a subset of cases.2 The second feature
is frequent expression of nearly identical (ste-
reotyped) B-cell receptors (BCRs) by CLL
B cells from different patients, which is gener-

ally accepted as evidence that the expansions
of the malignant clones are driven, at least ini-
tially, by antigen stimulation.3,4

In this issue of Blood, Capitani et al show
that expression of Bcl-2 and several other
members of this family, as well as signaling
through the BCR, are regulated by the adaptor
protein Shc.1 This protein exists as 3 isoforms
(p46Shc, p52Shc, and p66Shc) that are gener-
ated by alternative promoter usage. The
p52Shc isoform is mitogenic in T cells and
was previously shown by the same authors to
couple the activated T-cell receptor to the
Ras/MAPK pathway.5 In contrast, p66Shc
inhibits this pathway by competitively inhibit-
ing recruitment of p52Shc to the TCR.5

In the current study, Capitani et al show
that p66Shc also inhibits activation of ERK,
Syk, and Akt in B cells that have been stimu-
lated through the BCR. In turn, inhibition of
Syk, Akt, and ERK activation shifts the bal-
ance of the BCR signal toward apoptosis rather
than increased survival (see figure). Impor-
tantly, Capitani et al show that p66Shc expres-
sion is significantly reduced in CLL B cells
compared with normal B cells, with the lowest
levels in cases with unfavorable prognostic
features (unmutated Ig VH genes). In con-
trast, they find that the mitogenic/prosurvival
p52Shc isoform is equally expressed in CLL
and normal B cells. Although direct evidence
from experiments with primary CLL cells is
still lacking, these findings suggest that re-
duced p66Shc expression could enhance anti-
apoptotic BCR signaling in the malignant
B cells and thus favor their growth and sur-
vival following antigen exposure in vivo.

Probably an even more important finding
of this study is the evidence that p66Shc may
be directly responsible for the imbalance in the
expression of Bcl-2 family members in CLL
B cells. This was elegantly demonstrated by
reintroducing p66Shc in primary CLL cells,
which resulted in a significant reduction in the
expression of antiapoptotic Bcl-2 and Bcl-xL,
a concomitant increase in the expression of
proapoptotic Bax and Bak, and an increase in

Regulation of BCR signaling and Bcl-2 family protein expression by p66Shc. BCR cross-linking by antigen
induces recruitment and activation of Syk, which could be facilitated by the adaptor protein p52Shc. Syk then
activates Akt and ERK, which transduce the antiapoptotic BCR signal. p66Shc competitively inhibits
recruitment of p52Shc, resulting in less efficient activation of Syk, Akt, and ERK and an alteration in the balance
between antiapoptotic and proapoptotic BCR signals in favor of the latter. In parallel, p66Shc can enhance
production of reactive oxygen species (ROS) by mitochondria, which could be responsible for the induced
changes in the expression of antiapoptotic (Bcl-2, Bcl-xL) and proapoptotic (Bak, Bax) Bcl-2 family members.
Phosphorylated proteins are depicted with a “P.” Professional illustration by Marie Dauenheimer.
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the percentage of apoptotic cells. Correspond-
ing changes were observed in B cells from
wild-type and p66Shc knockout mice, further
suggesting that the imbalance in Bcl-2 family
protein expression in CLL B cells may be
caused by p66Shc deficiency.

What remains unclear from this study is
the mechanism through which p66Shc regu-
lates the expression of Bcl-2 family proteins.
One possibility is that p66Shc deficiency could
lead to increased tonic BCR signaling, a phe-
nomenon that was recently described in CLL
and several other B-cell malignancies and was
shown to contribute to the increased apoptosis
resistance of the leukemic cells. In favor of
this possibility is the observation of the au-
thors that both ligand-dependent and ligand-
independent phosphorylation of Syk is en-
hanced in the absence of p66Shc. However,
recently published data suggest that in CLL
cells, the antiapoptotic effect of constitutively
active Syk is primarily related to changes in
the expression of Mcl-1 and Bim, whereas
expression of Bcl-2, Bcl-xL, and Bax does not
appear to be affected.6 Alternatively, the
mechanism through which p66Shc modulates
Bcl-2 family protein expression could be re-
lated to some other function of this protein.
Apart from its role as an adaptor, p66Shc is
known to function also as a redox enzyme that
enhances reactive oxygen species production
by mitochondria.7 Production of reactive oxy-
gen species results in mitochondrial dysfunc-
tion, cytochrome-c release, and activation of
the caspase cascade, but has also been shown to
affect Bcl-2 expression.8

A second unresolved question is the
mechanism responsible for the reduced ex-

pression of p66Shc in CLL cells. The observa-
tion that p66Shc is expressed at higher levels
in mutated CLL than in unmutated CLL cells
can be taken to suggest that expression of this
protein could be modulated by external
stimuli from the microenvironment. Identifi-
cation of stimuli that up-regulate p66Shc may
possibly provide a new venue for CLL
treatment.
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Changing lanes in ICL
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In this issue of Blood, Scott-Algara and colleagues describe decreased surface ex-
pression with intracellular accumulation of CXCR4 in CD4� T cells of 6 patients
with ICL.1 This was associated with decreased migratory responses to CXCL12
and was restored by both in vitro and in vivo IL-2.

In this issue of Blood, Scott-Algara et al
found that patients with idiopathic CD4

lymphocytopenia (ICL) had very low to unde-
tectable levels of surface CXCR4 expression
on CD4� T cells and higher levels of intracel-

lular levels of CXCR4 and its ligand,
CXCL12, compared with healthy controls.
The abnormally low CXCR4 expression was
seen exclusively in T cells (predominantly in
CD4�) including both naive and memory sub-

sets. Overnight rest of the cells restored sur-
face expression of CXCR4 to normal levels. In
chemotaxis assays, it was shown that T cells
from ICL patients had impaired chemotactic
responses to CXCL12 and normal responses
to CXCL8. Further experiments showed a
slower reemergence of CXCR4 after ligand
binding and internalization. Finally, in vivo
interleukin-2 (IL-2) administration seemed to
restore CXCR4 expression and responses to
CXCL12 in 3 of 4 patients treated.

Seventeen years from the Centers for Dis-
ease Control and Prevention description and
definition of ICL,2 the etiology or etiologies of
this syndrome are unknown. Few studies have
addressed the pathways potentially involved in
perturbed CD4� T-cell homeostasis, such as
decreased clonogenic capacity of lymphoid
progenitors,3 increased susceptibility of CD4�

T cells to Fas-mediated apoptosis,4 or defec-
tive p56Lck activity of T cells.5 Unfortu-
nately, because of the rarity of this syndrome
and the variable clinical presentations and
acuity, most studies have relied on a small
number of patients without structured longi-
tudinal follow-up. Despite the consensus that
ICL is a heterogeneous syndrome in both eti-
ology and clinical manifestations, many im-
munologic observations appear to be consis-
tent among patients, raising the question of
whether they relate more to cause or effect.6

The role of chemokines and their receptors
expands from organogenesis, trafficking of
cells between tissues, and establishment of
functional lymphoid microenvironments sup-
porting homeostasis. Dysfunction of chemo-
kine receptors or signaling can affect suscepti-
bility to infections. CXCR4 and CXCL12
could thus play an important role in idiopathic
T-cell lymphocytopenia, in terms of both
pathogenesis and susceptibility to infections.
Cause and effect conundrum aside, decreased
CXCR4 expression and CXCL12 responsive-
ness may contribute to perturbed trafficking
and homeostatic signals, further hampering
T-cell function or expansion.

The limitations of this study were the small
number of patients and the fact that all pa-
tients had ICL with an underlying significant
infection (there were no clinically asymptom-
atic ICL patients and no patients with chronic
infections but normal CD4� T-cell counts as
controls). In addition, there was no systematic
evaluation for potential soluble factors that
could play a role in CXCR4 down-regulation.
It is unclear why the patients in this cohort did
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