
and -3 (STAT-1 and STAT-3)4 diseases.
Prevention and treatment of infections
is achieved by appropriate judicious
antimicrobial prophylaxis and early
and aggressive treatment with targeted
antimicrobials. Treatment of autoimmune
manifestations of PID is more challenging:
although there are numerous
immunosuppressive agents, and an increasing
choice of targeted monoclonal antibodies
is available, their targets are often broad.
Immunocytes providing functional
antimicrobial defense are often bystander
casualties in attempts to neutralize and
eliminate the damaging effects of autoreactive
cells, often leading to significant infectious
sequelae, which, in a patient with a genetically
inherited disposition of infection, may prove
fatal.

WAS is a conventional X-linked
PID, first described almost 80 years ago,
and characterized by microplatelet
thrombocytopenia, recurrent infections,
eczema, lymphoid malignancies, and
autoimmunity, of which the most common
manifestations are autoimmune cytopenia,
vasculitis, arthritis, inflammatory bowel
disease, and immunoglobulin A (IgA)
nephropathy. Major functions of
the WAS protein (WASP) include
polymerization of the actin cytoskeleton
which is important for many hematopoietic
and immune cell functions, including the
cytoskeletal reorganization required for
efficient cell movement, immune synapse
formation, and intracellular signaling.
Previous work in a murine model of
WAS has shown that WASP plays
a critical B-lymphocyte–specific role in
immune homeostasis, development
of the marginal zone, regulation of
germinal center interactions, and
prevention of autoimmunity by
negative selection of autoreactive
B-lymphocyte progenitors, although
the models did not exclude the
potential interaction of other
WAS-deficient hematopoietic cells
in these findings.5,6

Volpi and colleagues have extended
these observations in a double knockout
murine model in which B lymphocytes
lack both WASP and neural WASP
(N-WASP), another ubiquitously
expressed member of the WASP family
critical in actin cytoskeletal modification.

They elegantly demonstrate that mice with
WAS-deficient B lymphocytes (B/WcKO)
display increased production of IgM and
IgG autoantibodies (see figure, panel A)
and had increased glomerular deposits of
IgG leading to renal immunopathology, in
contrast to mice with B/DcKO which
lacked IgG autoantibodies and failed to
develop renal disease (see figure, panels
B-C). These findings suggest an important
role for N-WASP in the development of
autoimmune pathology in WAS patients,
and thus identify an important potential
therapeutic target. Although hematopoietic
stem cell transplantation can effectively
cure these patients, mixed donor
chimerism increases the risk of autoimmune
complications posttransplantation.7 Gene
therapy offers an alternative curative
pathway for these patients, but only partial
function is restored in such patients,
increasing the potential risk of late-occurring
autoimmunity.8 Thus, identification of
a novel and specifically directed therapeutic
target may extend the treatment options
available to this group of patients, before
or after stem cell therapy. Given that
autoantibody-driven autoimmune disease is
commonly encountered among the general
community, it may well be that such a target
has widespread applicability in the general
medical community.
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ALK-negative anaplastic
large-cell lymphoma
-----------------------------------------------------------------------------------------------------
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In this issue of Blood, Scarfò et al describe a novel subset of anaplastic lymphoma
kinase (ALK)-negative anaplastic large-cell lymphoma (ALCL) associated with
aberrant expression of ERBB4 transcripts and potential clinical relevance.1

ALCLs represent a subset of peripheral
T-cell lymphomas (PTCLs) defined by

a proliferation of large lymphoid cells, referred
to as hallmark cells, with strong expression of
CD30. The molecular deciphering of ALCL

started in the 1990s, with the discovery of
a recurrent t(2;5)(p23;q35) translocation fusing
the ALK gene and the nucleophosmin (NPM)
gene generating aNPM-ALK fusion protein in
a subset of ALCL, and subsequent description
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of alternative ALK translocations resulting
in high ALK kinase activity.2 NPM-ALK
triggers proliferation and survival pathways
and represents the major oncogenic driver
in ALK-positive ALCL. Accordingly,
pharmacologic ALK inhibition has shown
efficacy in relapsed/refractory ALK-positive
ALCL patients.3 Compared with ALK-
negative cases, ALK-positive ALCL occurs in
younger patients and has a better prognosis.2,3

Consequently, in the last 2008 World Health
Organization (WHO) classification, ALK-
positive ALCL has been individualized as
a distinct disease entity whereas ALK-negative
ALCL, defined by a morphology and
phenotype similar to ALK-positive ALCL
but lacking ALK rearrangement and ALK
expression, is listed as a provisional PTCL
entity.4 Although ALK-negative ALCL is
clearly nonoverlapping with ALK-positive
ALCL, conversely, its distinction from other
PTCL-expressing CD30 may be more
subjective. Importantly, this question is of
clinical relevance because the prognosis of
ALK-negative ALCL and CD301 PTCL–not
otherwise specified (NOS) differs, but it still
remains a matter of debate.3

Although gene expression profiling
studies have shown that ALK-positive and
ALK-negative ALCL share a common

signature, suggesting a common cellular origin
and/or shared pathogenic pathways,5 the
driver genetic alterations in ALK-negative
ALCL remained until recently poorly
characterized. With the development of
next-generation sequencing technologies,
an increasing number of genetic aberrations
have emerged in ALK-negative ALCL.
Rearrangements at 6p25.3 involving DUSP22,
a gene encoding a dual-specificity phosphatase
that inhibits T-cell receptor signaling, are
reported in about 30% of the cases and result
in DUSP22 downregulation.6 Interestingly,
these rearrangements are found in systemic
ALK-negative ALCL but also in primary
cutaneous ALCL (cALCL) which constitutes
a separate disease with distinct clinical
features and an indolent outcome.7 TP63
rearrangements creating fusion proteins
homologous to a dominant-negative p63
isoform define another discrete genetic subset
(8% of the cases).6 In one study, the prognosis
of DUSP22-rearranged and ALK-positive
ALCLs was very similar whereas TP63-
rearranged cases were associated with a
poor outcome, suggesting that molecular
subclassification may be clinically relevant.8

Molecular heterogeneity of ALK-negative
ALCL was more recently emphasized by the
demonstration of recurrent activating signal

transducer and activator of transcription 3
(STAT3) or Janus kinase 1 (JAK1) mutations
in around 20% of cases, and the presence
of fusion transcripts involving tyrosine
kinases (ROS1 or TYK2) in other cases.9

Interestingly, the latter aberrations lead to the
constitutive activation of the JAK/STAT3
pathway, which is also a central feature of
ALK-positive ALCL as a consequence of
ALK signaling (see figure).

In this issue, using an effective algorithm
designated cancer outlier profile analysis
(COPA) applied to a gene expression data set
including various PTCLs and normal T cells,
Scarfò et al report on the identification of
a novel subset of ALK-negative ALCL
coexpressing ERBB4 and COL29A1 and
featuring a specific gene signature.1 The
authors focused onERBB4, the fourthmember
of the tyrosine kinase receptor ERBB family,
which includes EGFR (ERBB1) and HER2
(ERBB2), known to be deregulated and/or
mutated in several cancer types. HER2 is
amplified in breast cancers, defining a subset
with an aggressive behavior, and EGFR
mutations are detected in many cancers,
especially in lung adenocarcinomas.
Interestingly, these 2 alterations can be
effectively targeted by specific therapies
which have dramatically improved the patient
outcome.10 However, this family of tyrosine
kinase receptors was not previously reported
to be involved in lymphomagenesis.

Here, the authors found ERBB4 expression
in 24% of ALK-negative ALCL, but not in
PTCL-NOS nor in ALK-positive ALCL.
Interestingly, this ectopic expression resulted
from 2 different truncated transcripts
I20DERBB4 and I12DERBB4. ERBB4 protein
is expressed in a phosphorylated and active
form, and associated with MMP9 expression.
This ERBB4 activity is not due to a genomic
alteration, but is related to the promotion of the
intronic transcription start site by derepression
of long terminal repeats from endogenous
retrovirus. It seems that I12DERBB4, present
at lower level, shows the highest oncogenic
potential. Finally, using in vitro and in vivo
experiments, in particular an ERBB4-positive
patient-derived xenograft model, the authors
show that treatment with neratinib, a pan-HER
inhibitor, partially impairs tumor growth
(see figure).

These novel findings still raise several
questions regarding these ERBB4-positive
ALCLs. It is suggested that ERBB4 ALCL
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may constitute a distinct subclass among ALK-
negative ALCLs. Interestingly, ERBB4-
positive cases frequently displayed an unusual
Hodgkin-like morphology, but ERBB4-
positive ALCL patients did not differ from
other ALK-negative ALCL cases in terms
of survival. Further studies are needed to
determine whether ERBB4-expressing
ALCLs overlap with other genetic subsets of
ALK-negative ALCL and are also present in
primary cutaneous ALCL. Whether ERBB4-
positive ALCL patients may benefit from
specific therapies remains to be explored.
Indeed, the only partial effect of the kinase
inhibition on the tumor growth in the
preclinical model may indicate the need for
combination therapies in relapsed or refractory
ERBB4-positive ALCL patients. The
identification of such patients in the clinical
practice is another issue: in the absence of
reliable ERBB4 antibodies applicable for
immunohistochemistry in the clinical arenas,
molecular tests would be needed unless the
value of MMP9 expression as an alternative
biomarker is further confirmed. Finally, the
mechanisms leading to ERBB4 aberrant
expression, especially whether epigenetic
deregulation is involved, need to be clarified
and better understood. This is of particular
interest because various mutations affecting
epigenetic modifiers have been recently
described in PTCLs.

The article by Scarfò et al highlights how
novel bioinformatics algorithms applied to
a gene expression data set help identify
novel molecular subsets within apparently
homogeneous diseases. The recognition of
this subclass of ERBB4 expressing ALK-
negative ALCL, potentially targetable, is
a new step toward a better understanding of
ALCL pathogenesis. These findings add to
the molecular landscape of ALK-negative
ALCL which appears to include multiple
subgroups driven by different genetic
aberrations.
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DNA binding modes of
leukemia oncoproteins
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In this issue of Blood, Li et al expand our view on the mechanism of action of
leukemia-associated oncoproteins and how they deregulate gene expression
through altered modes of binding to DNA.1

Acute myeloid leukemias (AMLs) originate
in many cases from chromosomal

translocations that yield fusion proteins
of transcription factors. It has been
therefore assumed that altered regulation of
transcription is a key mechanism of oncogenic
transformation.2 Indeed, several leukemia-
associated oncoproteins (including AML1-
ETO, also known as RUNX1-RUNX1T1,
a fusion protein of the transcription factor
AML1, a critical regulator of hematopoiesis)
directly recruit transcriptional corepressor
(CoR) complexes and silence genes expressed
during myeloid maturation, triggering a block
in differentiation.3 This model, however, is
too simplistic: gene expression profiles and
genome-wide binding studies have shown that
as many target genes are repressed by binding
of various oncoproteins as there are genes
which are upregulated.

Here, Li et al perform a carefully designed
set of genome-wide binding studies

(chromatin immunoprecipitation sequencing
[ChIP-seq]) of the oncoprotein AML1-ETO
and of wild-type AML1 because they coexist
in leukemic cells due to the presence of 1
nontranslocated, wild-type allele together
with the allele involved in the chromosome
translocation.1

Comparing the 2 binding distribution
profiles, the authors conclude that AML1-
ETO and AML1 colocalize on the large
majority of genomic binding sites, and that
AML1-ETO expression leads to a partial
redistribution of AML1. As previously shown,
AML1-ETO is found in association with other
proteins of the AML1-ETO transcription
factor complex, including other transcription
factors with their own DNA binding
specificity.4 The co-occurrence of AML1-
ETO and AML1 on chromatin, however, is
not the consequence of overlapping binding
sites, as previously thought (see Ptasinska
et al5 for a recent genome-wide study): in fact,
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