
lymphogenesis, clonal evolution and
subsequent genetic aberrations lead to
redundancy, reducing the lymphoma’s
dependence on BCL-2 for survival and
maintenance.8 The TME also plays a key
role in FL survival and evolution.9 Com-
peting prosurvival signals arising from the
TME could potentially further negate
select inhibition of BCL-2 family mem-
bers and contribute to VEN resistance.

Unfortunately, CONTRALTO adds to an
ever-growing list of randomized trials in
FL that have failed to show a significant
benefit of novel agents to various
clinical outcomes when substituted or
added to traditional chemotherapy back-
bones (especially overall survival!). These
experiences highlight not only the
complexity of clinical trial design but
also the biologic heterogeneity of FL. As
such, there is a growing need for pre-
dictive biomarkers to help select ap-
propriate populations for subsequent
prospective studies, ultimately resulting
in a higher chance of trial success, and
more importantly, to better patient
outcomes.
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CD27-CD70 defects:
a wolf in wolf’s clothing?
Andrew R. Gennery | Newcastle University

Signaling through the CD27/CD70 pathway is critical for Epstein-Barr virus
(EBV) immune surveillance, and, in this issue of Blood, Ghosh et al report on
symptoms and treatment of an international cohort of patients with defects in
CD27 or its ligand, CD70.1

CD27 is expressed on a variety of T
lymphocytes including naive and central
memory T lymphocytes, as well as ger-
minal center and memory B lympho-
cytes and plasma cells. The expression
of its ligand, CD70, is restricted to ac-
tivated lymphoid and myeloid cells. The
CD27-CD70 axis delivers costimulatory
signals to enhance T-lymphocyte acti-
vation, survival, proliferation, and dif-
ferentiation; maintain antigen-specific
CD41 and CD81 T lymphocytes; and
promote memory B-lymphocyte differ-
entiation and plasma cell survival. Thus,
the CD27/CD70 axis can activate innate
and adaptive immunity, has an impor-
tant role in maintaining immune toler-
ance, and has a critical role in EBV
immune surveillance.

For an increasingly recognized number of
primary immune deficiencies, EBV is an
important pathogen, associated with the
pathogenesis of lymphoma, lymphopro-
liferative disorders, and/or hemophago-
cytic lymphohistiocytosis (HLH).2 Patients
with defects in CD27 characteristically
display susceptibility to EBV-associated
lymphoproliferative disorders and lym-
phomas. Many also report fever, oral
ulceration, and other infections.3 More
recently, patients with defects in CD70
have been reported, with similar fea-
tures including lymphoma, recurrent fevers,
lymphoproliferation, persistent EBVviremia,
hypogammaglobulinemia, recurrent re-
spiratory infection, and autoimmunity.4,5

Now, Ghosh et al report the clinical fea-
tures, treatment, and outcome of 49

patients (33 with CD27 defects, 16 with
CD70 defects), one-half of whom were
previously unreported.

A number of features are notable from
this report. First, the presentation is
pleiomorphic (see figure panel A). Al-
though over 90% of patients were EBV1

at diagnosis, most presented with lym-
phoproliferation (71%), lymphoma (43%),
and, in CD27-deficient patients only,
HLH (27%). Lymphoma developed in 43%
of patients before the age of 10 years.
However, neither malignancy nor lympho-
proliferation was inevitably the presenting
feature. Autoinflammatory features were
present in 43% of patients, including Behcet
symptoms, uveitis, arthritis, and periodic
fever. Non-EBV-related infections were also
common, predominantly due to other her-
pesviruses, but upper and lower respiratory
tract infections were also described in more
than one-half of the patients. Almost 40% of
patients had documented hypogammaglo
bulinemia. There was intrafamilial symptom
variation, and some individuals were
asymptomatic. In terms of treatment, given
the spectrum of clinical phenotypes, a va-
riety of approaches were documented.
Patients with hypogammaglobulinemia
were treated with immunoglobulin re-
placement and antibiotic prophylaxis,
those with HLH received either the HLH-
1994 or -2004 protocol, whereas those
with malignancies received the appropri-
ate disease-specific protocol. Treatment
details for autoinflammatory diseases were
not provided. Nineteen patients un-
derwent allogeneic hematopoietic stem
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cell transplantation (HSCT), with a variety of
clinical indications including recurrent
infection, autoinflammation, and ma-
lignancy. A spectrum of matched and
mismatched donors, stem cell sources,
and conditioning regimens was used,
but overall and event-free survival were
95% (see figure panel B) with a follow-
up of 1 to 9.5 years. Most patients
ceased immunosuppression within a year
of transplant, and there was no relapse or
secondary malignancies documented in
those transplanted to treat lymphoma.
However, in the nontransplanted group,
there were 8 deaths (6 from a primary
malignancy, 2 from infection) giving an
overall survival of 74%.

Patients with defects in CD27 or CD70
may present to general pediatricians,
pediatric pulmonologists, oncologists,
rheumatologists, hematologists, or im-
munologists. Consequently, an aware-
ness of this rare condition is important.

EBV-associated lymphadenopathy or lym-
phoma are common presentations to pe-
diatric oncologists. A debate about how
many children presenting with malignancy
may harbor an underlying defect in a gene
associated with primary immune deficien-
cies is ongoing6; from this study, patients
who have other features including a family
history, or evidence of autoinflammation,
recurrent infection, or hypogammaglo-
bulinemia should be considered for further
investigation. Similarly, other disease spe-
cialists to whom these patients may pre-
sent should look carefully for other features
in the history thatmay indicate this disease,
particularly EBV persistence. In that respect,
the authors of this study consider that EBV
persistence could be used as a biomarker,
although it is not particularly sensitive nor
specific.

Six patients died during treatment of their
first episode of malignancy. For patients
with malignancy, a genetic diagnosis is

important, as an early consideration of
HSCT may lead to better long-term out-
comes, even in those with incomplete re-
mission, as has been recently reported for
children with lymphoproliferative disorders
and other immunodeficiencies.7 For other
patients, the decision about transplantation
canbedifficult. Although the clinical course
of some of the patients described in this
report was encouraging following treat-
ment of lymphoma or HLH, given the ge-
netic and immunological deficit, there is a
risk of recurrence. These patients require
careful follow-upbecauseof that risk.Given
the excellent outcome of HSCT as de-
scribed, it would be reasonable to consider
transplantation early in the disease course if
there is an appropriate donor. However,
given the relatively high incidence of
nonlymphoma malignancy occurring in
carrier parents of both CD27 and CD70
deficiency, despite good results for
other primary immune deficiencies us-
ing T-depleted grafts,8,9 the use of
carrier donors is not recommended for
CD27 and CD70 deficiency.
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Disease spectrum and transplant outcome in patients with CD27 and CD70 deficiencies. (A) Spectrum of disease
manifestation in patients with CD27 and CD70 deficiency. (B) Overall survival post-HSCT for CD27 and CD70
deficiency. The figure has been adapted from Figure 1C in the article by Ghosh et al that begins on page 2638.
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Comment on Hong et al, page 2667

Eosinophil homing
to the bone marrow
David Voehringer | University Hospital Erlangen

Themechanisms bywhich glucocorticoid treatment leads to rapid reduction of
circulating eosinophils is poorly understood. In this issue of Blood, Hong et al
provide new experimental evidence that CXCR4-mediated eosinophil homing
to the bone marrow is a relevant pathway for this process.1

Eosinophils are potent effector cells of
the innate immune system and contrib-
ute to protection against helminth in-
fections. However, they can also cause
severe damage during allergic responses,
eosinophil-associated chronic inflamma-
tion, and hypereosinophilic syndromes.2

The development of eosinophils occurs
in the bone marrow from granulocyte-
macrophage (GM) progenitors, which
first differentiate to eosinophil progenitors
and then to mature eosinophils under
control of various transcription factors,
including GATA-1, Helios, and Aiolos.3,4

Mature eosinophils rapidly leave the
bone marrow and reach sites of in-
flammation via blood circulation and

extravasation into tissues. Their survival is
mainly promoted by interleukin-5 (IL-5)
and GM colony stimulating factor, which
can be produced in large amounts in
inflamed tissues and lead to upregulation
of the antiapoptotic molecule Bcl-xL.5

Although new therapeutic options for
specific targeting of eosinophils are being
developed, glucocorticoids have been
used for decades for efficient induction of
eosinopenia in humans, despite their sig-
nificant toxicity.6 Eosinopenia occurs within
a few hours, but themolecularmechanisms
behind the disappearance of eosinophils
from blood circulation are poorly defined.
Interestingly, glucocorticoids do not in-
duce eosinopenia in mice, making mouse
models unsuitable. Nagase et al have
shown that dexamethasone induces up-
regulation of the chemokine receptor
CXCR4 on eosinophils, but not on neu-
trophils.7 This suggested that glucocorti-
coids might induce sequestration of
eosinophils from the blood circulation by
attracting them to extravascular sites.
However, it was unclear where eosinophils
actually go after glucocorticoid treatment.
Hong et al used whole-body in vivo im-
aging of radioactivity-labeled and trans-
ferred eosinophils in rhesus macaques.
They followed the distribution of trans-
ferred eosinophils for #4 hours after
transfer by positron emission tomography/
computed tomography scanning. Within
the first 10 minutes after transfer, eosino-
phils were mainly found in the lung. This

picture changed after 1 hour, when
transferred eosinophils were dominantly
present in the bone marrow, and further
increased for #4 hours in this compart-
ment. Eosinophil accumulation was not
observed in other organs like liver, lung,
and spleen. The kinetics of eosinophil
homing to the bone marrow correlated
with increasing expression levels of CXCR4
and blocking this receptor prevented the
disappearance of eosinophils from the
blood circulation. These findings indicate
that glucocorticoid-induced eosinopenia
results from CXCR4-regulated homing of
peripheral eosinophils back to the bone
marrow within a few hours. Whether these
eosinophils then die in the bonemarrow or
recirculate back to the bloodstream needs
to be determined.

Which other potential mechanisms could
be involved in glucocorticoid-induced
eosinopenia? Glucocorticoids have a
broad spectrum of target cells, including
nonhematopoietic cell types. For exam-
ple, they have been described to induce
expression of adhesion molecules in
endothelial cells, and this effect may to
some extent contribute to the rapid and
efficient reduction in blood eosinophil
counts.8 Furthermore, glucocorticoids pro-
mote expression of several proapoptotic
genes in eosinophils, indicating that in-
duction of cell death could also be involved
as a potential mechanism.9 Further studies
onmechanisms of glucocorticoid-mediated
eosinopenia may help to refine therapeutic
treatments of eosinophil-associated disor-
ders, including combination therapies with
more eosinophil-specific targets, such as
anti-IL-5 or anti-IL-5 receptor blockade.
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Hong et al show that glucocorticoid-induced ex-
pression of CXCR4 in blood eosinophils leads to their
rapid recruitment to the bone marrow.
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