
Although drug development, as in the
case of E2F1,maybedifficult or ladenwith
unexpected toxicities or ineffectiveness
oncemoved into clinical trial, the leukemia
field is moving toward the design of ef-
fective combination therapies. These may
include a combination of drugs or the com-
bination of immunological approaches or
targeting of the bone marrow microen-
vironment with conventional therapies, in
a unified effort to eradicate the last leuke-
mic stem cell and toward a final “Then fall,
leukemic stem cell!”

Conflict-of-interest disclosure: The author
declares no competing financial interests. n

REFERENCES
1. Pellicano F, Park L, Hopcroft LEM, et al. hsa-

mir183/EGR1–mediated regulation of E2F1 is
required for CML stem/progenitor cell survival.
Blood. 2018;131(14):1532-1544.

2. Bhatia R. Novel approaches to therapy in CML.
Hematology Am Soc Hematol Educ Program.
2017;2017:115-120.

3. Mahon FX, Rea D, Guilhot J, et al. Discontinuation
of imatinib in patients with chronic myeloid

leukaemia who have maintained complete mo-
lecular remission for at least 2 years: the pro-
spective, multicentre stop imatinib (STIM) trial.
Lancet Oncol. 2010;11(11):1029-1035.

4. Etienne G, Guilhot J, Rea D, et al. Long-term
follow-up of the French Stop Imatinib (STIM1)
study in patients with chronic myeloid leuke-
mia. J Clin Oncol. 2017;35(3):298-305.

5. Graham SM, Jorgensen HG, Allan E, et al.
Primitive, quiescent, Philadelphia- positive
stem cells from patients with chronic myeloid
leukemia are insensitive to STI571 in vitro.
Blood. 2002;99(1):319-325.

6. Corbin AS, Agarwal A, Loriaux M, Cortes J,
Deininger MW, Druker BJ. Human chronic
myeloid leukemia stem cells are insensitive to
imatinib despite inhibition of BCR-ABL activity.
J Clin Invest. 2011;121(1):396-409.

7. Abraham SA, Hopcroft LE, Carrick E, et al. Dual
targeting of p53 and c-MYC selectively elimi-
nates leukaemic stem cells. Nature. 2016;
534(7607):341-346.

8. Dyson N. The regulation of E2F by pRB-
family proteins. Genes Dev. 1998;12(15):
2245-2262.

DOI 10.1182/blood-2018-02-833699

© 2018 by The American Society of Hematology

IMMUNOBIOLOGY AND IMMUNOTHERAPY

Comment on Thai et al, page 1545

BAFF bestows longevity
on splenic plasma cells
Julie Tellier | The Walter and Eliza Hall Institute; University of Melbourne

In this issue of Blood, Thai et al demonstrated that after B-cell depletion,
elevated levels of unconsumed B-cell activating factor (BAFF) induced the
emergence of long-lived plasma cells in the spleen.1 Supported by neutrophils
and CD4 T cells, this niche could be targeted by the administration of neu-
tralizing antibodies against BAFF.

The terminal output of B-cell differenti-
ation caneither be aplasmablast or a plasma
cell (PC). Plasmablasts are cycling, short-
lived, and generated from the early phase
of the immune response, providing the first
wave of relatively low-affinity antibodies.
Postmitotic PCs arise next from the germinal
centers,with theability to secretehigh-affinity
immunoglobulins of a rangeof isotypes. Both
antibody-secreting cell populations are gen-
erated in the secondary lymphoid organs,
and a small number of the PCs will settle in
the bone marrow (BM). The current dogma
is that the longevity of PCs depends on
the availability of external survival factors
rather than the implementation of an in-
trinsic program.2 TheBMprovides a unique

microenvironment, able to extend almost
indefinitely the lifespan of long-lived plasma
cells (LLPCs). The compositionof this niche is
not yet fully elucidated, but several actors,
including neutrophils,megakaryocytes, and
CXCL121 stromal cells, have been pro-
posed. Albeit in a lesser extent, it has also
been reported that the spleen, lymph
nodes, or mucosa-associated lymphatic
tissues could also shelter LLPCs. Further-
more, in chronic inflammations, in par-
ticular autoimmune conditions like systemic
lupus erythematosus (SLE), inflamed tissues
can provide new niches for pathologic
LLPCs.3 The mechanisms underlying the
formation of these ectopic niches remain
to be determined.

In 2013, Mahévas et al identified LLPCs
in the spleen of primary immune throm-
bocytopenia purpura (ITP) patients who
had been treated with the B-cell–
depleting antibody against CD20, ritux-
imab.4 Interestingly, they suggested that
the emergence of the LLPCs was not
there due to the inflammation associated
with the disease, as they were absent
from the spleens of untreated ITP patients,
but a consequence of theB-cell depletion.
They hypothesized that an increase avail-
ability of the prosurvival cytokine BAFF
was the driving factor of the new niche.
BAFF is a member of the TNF family,
which is partially redundant with its rel-
ative APRIL.5 One of their 3 receptors,
BCMA, plays an important role in LLPC
survival in the BM.

Thai et al used mouse models to validate
this hypothesis and identify the cells sup-
porting the survival of the splenic LLPCs.
They established that in steady-state con-
ditions, as well as in lupus-prone mice, the
depletion of B cells led to elevated levels
of BAFF and the appearance of splenic
LLPCs.

They determined that after B-cell de-
pletion, splenic PCs exhibited a tran-
scriptional signature similar to BM PCs
(see figure). In contrast, the normal
splenic PC analysis revealed a very low
expression of the LLPC signature genes
defined by the authors. The low fre-
quency of LLPCs in normal spleen could
indicate an early apoptosis of these cells
in the absence of BAFF to sustain them
and/or an increased differentiation state
triggered by the microenvironment result-
ing from B-cell depletion. Sze et al have
previously suggested that the spleen had
the capacity to support a finite and low
number of antibody-secreting cells and
that the excess would die within 2 or
3 days.6 The data from Thai et al implied
that BAFF could be one of the major
limiting factors of the splenic niche and
that the LLPCs found in rituximab-treated
ITP patients were not occupying an ec-
topic niche created by inflammation, but
an hypertrophied natural one.

Thai et al proposed that the neutrophils
were the main source of BAFF, as they
expressed high levels of this cytokine and
colocalized with antibody-secreting cells.
Because their involvement could not be
directly confirmed, and becauseMahévas
et al previously reported that basophils
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were recruited in ITP patient spleens,4 this
point deserves to be further investigated.

To validate the central role of BAFF in the
splenic LLPC niche, Thai et al combined
rituximab with a BAFF-neutralizing anti-
body, which resulted in a stronger de-
pletion of B cells and a decrease in the
splenic antibody-secreting cell pop-
ulation. As previously reported,7 BM PCs
were not affected, suggesting that either
these cells are different from those re-
siding in the spleen or that the medullary
niche is able to provide other signals, like
APRIL, to compensate for the absence of
BAFF.

From a clinical perspective, a long-lasting
response to rituximab treatment is cur-
rently achieved only in a minority of ITP
patients,8 and a splenectomy needs to
be performed. The authors proposed that
the combination of rituximab with a
BAFF-neutralizing antibody, like belimu-
mab, would have the double advantage

of potentiating the B-cell–depleting
effect and eliminating splenic LLPCs
resulting from unconsumed BAFF. This
combination was approved to treat SLE
patients in 2011, and clinical trials are
underway for ITP and Sjogren syndrome.
This strategy reflects the growing interest
in targeting the pathologic LLPC niches
to eliminate cells that have proven re-
fractory to immunosuppressants and
difficult to deplete by immunotherapy.
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In the spleen, B cells consumemost of the BAFF secreted by neutrophils. The antibody-secreted cell population is dominated by short-lived plasma cells (SLPCs). After depletion
of B cells by an anti-CD20 antibody, the availability of BAFF increases, sustaining the emergence of LLPCs. The combination of the anti-CD20 antibody with an anti-BAFF
antibody results in amplified B-cell apoptosis and exhaustion of the LLPC niche.
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