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Universit�e Paris VII Sorbonne Paris Cit�e; Hôpital Saint-Louis; Paris, France; 3Service d’H�ematologie Greffes; INSERM UMRS 1160; Universit�e Paris VII Sorbonne Paris Cit�e;
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Human chronic graft-versus-host disease (cGVHD) is a frequent and disabling complication of allogeneic
hematopoietic stem cell transplantation. Regulatory B cells (Bregs) are IL-10–producing B cells that are able to inhibit
the innate and adaptive immune responses. We have recently demonstrated a defect in regulatory B cells in human
cGVHD.

Despite substantial progress in cancer
therapy, allogeneic hematopoietic stem
cell transplantation (HSCT) remains the
only potentially curative approach for
many relapsed or refractory hematologic
malignancies. Chronic graft-versus-host
disease (cGVHD) currently affects more
than 50% of allogeneic stem cell trans-
plant recipients. In addition to being the
leading cause of non-relapse mortality
after allogeneic HSCT, cGVHD severely
affects the patient’s quality of life. The
skin and mucosae (such as the eyes,
mouth, gut, and lungs), which interface
with the external environment, are the
main targets of the graft-versus-host reac-
tion. Although cGVHD frequently occurs
in patients with a previous history of acute
GVHD, the clinical and pathophysiologi-
cal features of cGVHD are somewhat dif-
ferent from those of acute GVHD. In
cGVHD, the clinical features commonly
mimic those seen in autoimmune diseases
such as systemic lupus erythematosus,
Sj€ogren’s syndrome, rheumatoid arthritis,
dermatomyositis, or immune thrombocy-
topenia.1 As is the case in these diseases,
the presence of antibodies against nuclear
antigens is common in human cGVHD
and disturbance of B-cell homeostasis is a
hallmark of the disease.2

Regulatory B cells (Bregs) were first
discovered in mouse experimental autoim-
mune encephalomyelitis by Fillatreau

et al. over 10 years ago.3 In 2008, Yanaba
et al. identified a unique CD5CCD1dhi

B-cell subset highly enriched in Bregs in
mice. The adoptive transfer of
CD5CCD1dhi regulatory B cells inhibited
T-cell mediated inflammation in a mouse
model of contact dermatitis.4 The exis-
tence of human Bregs was demonstrated
2 years later in our laboratory,5 Tedder’s
laboratory,6 and by Mauri and col-
leagues.7 Since then, human Bregs have
been shown to be deficient in several auto-
immune diseases.6,7 Perhaps due to dis-
crepancies in the stimulation used to
detect IL-10 production and in the surface
antigens studied, there is still no consensus
on the cell surface phenotype of human
Bregs. Mauri et al. found that the transi-
tional CD24hiCD38hi B-cell subset was
the most highly enriched for Bregs,
whereas Tedder et al. showed that Bregs
were predominantly found in the
CD24hiCD27C B cell subset. In our expe-
rience, human Bregs are not confined to a
unique B-cell subpopulation but are
enriched in both the CD27C and CD38C

B-cell subsets. In any case, the ability to
produce IL-10 after in vitro stimulation
remains the most consensual definition of
human Bregs to date. Very interestingly,
plasma cells have recently been shown to
exhibit regulatory properties in mice.8

In our study,9 we identified the
CD24hiCD27C subset and the

CD24¡CD27hiCD38hi plasmablast-like
B-cell compartment as the subsets most
highly enriched for Bregs in healthy
humans and allogeneic transplant recipi-
ents. We confirmed that in vitro
expanded human plasmablasts and
plasma cells were able to produce large
amounts of IL-10. Consistent with
recently published data by Khoder
et al.,10 our analysis of 69 allogeneic
transplant recipients confirmed that
patients with cGVHD had reduced fre-
quencies of Bregs compared to alloge-
neic transplant recipients with no
history of cGVHD and healthy donors.
Importantly, these Breg frequencies
were clearly associated with cGVHD
activity and cGVHD severity, and not
with other baseline characteristics such
as the immunosuppressors received by
the patients. Patients with active
cGVHD had impaired reconstitution of
the memory B cell pool and increased
plasmablast frequencies compared to the
other groups of patients. A defect in
STAT3 and Erk signaling, 2 pathways
critical for B cell IL-10 production in
humans, was also found in patients
with cGVHD. These signaling abnor-
malities might be responsible for the
decreased frequency of IL-10–producing
B cells observed in cGVHD (Fig. 1).
These data from a large number of
patients are the first to compare the
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Breg frequencies in patients with
cGVHD to those of allogeneic trans-
plant recipients with no history of
cGVHD, which in our opinion is the
most appropriate way to explore any
Breg cell defect in cGVHD, and offer
clues to the in vitro expansion of
human Bregs.

Adoptive cell transfer of regulatory T
cells for the prevention of GVHD has
been shown to be feasible in human
clinical trials. In vivo expansion of
human regulatory T cells by provision
of low-dose IL-2 might be efficient in
the treatment of cGVHD. Specific phe-
notypic markers or transcription factors
(such as Foxp3 for natural Treg cells)

expressed by human Bregs are yet to be
determined in order to consider adop-
tive transfer of human Bregs in the pre-
vention or treatment of human
cGVHD. The potential effect of Bregs
on the graft-versus-malignancy reactions
must also be taken into account. In any
event, in vitro expansion of human
Bregs remains a major challenge. Study-
ing the effect of drugs targeting the ger-
minal center reactions (e.g., bortezomib,
which has recently been proven to be
effective in human cGVHD) on Breg
frequencies would be of interest. Unrav-
eling the mechanisms that lead to the
induction of Bregs could improve our
understanding of B-cell regulation of

human immune responses and help fur-
ther development of cell therapy
strategies.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were
disclosed.

Funding

Ad�ele de Masson was supported by the
Institut National du Cancer (INCa) –
Institut Th�ematique Multi-Organismes
(ITMO) Cancer. This work was funded
by a grant from the Soci�et�e Française de
Dermatologie.

References

1. Soci�e G, Ritz J. Current issues in chronic graft-versus-
host disease. Blood 2014; 124(3):374-84; http://dx.
doi.org/10.1182/blood-2014-01-514752

2. Sarantopoulos S, Blazar BR, Cutler C, Ritz J. B cells in
chronic graft-versus-host disease. Biol Blood Marrow

Transplant 2015; 21(1):16-23; PMID:25452031;
http://dx.doi.org/10.1016/j.bbmt.2014.10.029

3. Fillatreau S, Sweenie CH, McGeachy MJ, Gray D,
Anderton SM. B cells regulate autoimmunity by provi-
sion of IL-10. Nat Immunol 2002; 3(10):944-50;
PMID:12244307; http://dx.doi.org/10.1038/ni833

4. Yanaba K, Bouaziz J-D, Haas KM, Poe JC, Fujimoto
M, Tedder TF. A regulatory B cell subset with a unique
CD1dhiCD5C phenotype controls T cell-dependent
inflammatory responses. Immunity 2008; 28(5):639-
50; PMID:18482568; http://dx.doi.org/10.1016/j.
immuni.2008.03.017

Figure 1. Deficient memory and plasmablast regulatory B cells (Bregs) in human chronic graft-versus-host disease (cGVHD). Stimulation of mature,
“na€ıve” B cells (CD19CCD20CCD24intCD27¡CD38int) by antigens and T helper cells results in germinal center formation and their differentiation into
memory B cells (CD19CCD20CCD24CCD27CCD38¡) and plasmablasts (CD19CCD20loCD24¡CD27hiCD38hi). Decreased frequencies of memory B cells and
increased frequencies of plasmablasts were observed in the peripheral blood of patients with cGVHD. Memory B cells and plasmablasts were the most
highly Breg-enriched subsets in both healthy subjects and patients with cGVHD. However, stimulation with CpG resulted in fewer IL-10–producing B cells
in patients with cGVHD than in patients without cGVHD. Finally, patients with cGVHD had fewer IL-10–producing memory B cells and IL-10–producing
plasmablasts compared to patients without cGVHD.
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