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Abstract \
An increasing number of physicians realize that chronic graft-versus-host disease (cGVHD) is not just dominated by T cells and that B
cells also play a vital role in cGVHD development. It has been reported that altered B cell subsets, aberrant B cell signaling pathways,
antibody deposition, and abnormal T-B interactions can be observed in many cGVHD patients. Studies of B cells in cGVHD
development are now mainly focused on B cell subsets and GC destruction. These two aspects describe the process of B cell
evolution in cGVHD patients and are associated with some original treatments. In this review, we summarize recent literature and
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discuss mechanisms and novel ideas of therapeutic strategies regarding the two aspects mentioned above.

1. INTRODUCTION

Chronic graft versus host disease (cGVHD) is a major
complication affecting the long-term survival of patients after
allogeneic haematopoietic stem cell transplantation (allo-HSCT).
This condition occurs in 30% to 70% of patients who suffer from
HSCT.! Traditional ¢cGVHD therapies of corticosteroids and
calcineurin inhibitors cannot help even 50% of patients,> and
prophylaxis is much more important than treatment.

Unlike T cells, which have been deeply studied in both aGVHD
and c¢GVHD, our understanding of B cells in c¢cGVHD
pathogenesis is still at an early stage, which means there remains
much to be discovered. Many studies have demonstrated that B
cells are involved in the generation of cGVHD. Immunoglobulin
(Ig) deposition was observed in liver and lung tissue from human
biopsies and in cGVHD mouse models,> and the use of the CD20
monoclonal antibody (mAb) rituximab for some steroid-
refractory cGVHD patients also showed good efficacy.* Our
previous review summarized four obvious changes in B cells in
c¢GVHD patients: altered B cell subsets, aberrant B cell pathways,
autoantibodies, and T-B interaction.’ Recent studies of B cells in
c¢cGVHD development have mainly focused on altered B cell
subsets and GC destruction. The most observed presentation of
c¢GVHD is aberrant B cell subsets, which are the cause and
consequence of cGVHD. It is generally believed that cGVHD is
often driven by the germinal center (GC) reaction, in which T
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follicular helper (Tfh) cells interact with GC B cells that produce
antibodies that bind to and destroy related target organs. GC
formation is disrupted in ¢cGVHD patients and results in a
substantially abnormal B cell reconstitution.® In this review, we
summarized recent research and presented our assessment of
c¢GVHD treatment strategies from these two aspects.

2. B CELL SUBSETS

Reconstitution of B cells is slow in patients after allo-HSCT. It
takes nearly 1 year for B cells to accomplish reconstitution and
maintain stability.” For normal patients undergoing allo-HSCT,
sufficient numbers of naive B cells and circulating transitional B
cells are needed to neutralize B cell activating factor (BAFF) and
promote the deletion of alloreactive and autoreactive B cells.
BAFF levels gradually decrease following B cell recovery.®
Excessive BAFF levels can be regarded as a marker of B cell
autoreactivity. In cGVHD patients, relatively decreased naive B
cells and persistently increased BAFF concentrations were
observed, which led to the generation of autoantibodies.”
Sarantopoulos reported that in ¢cGVHD patients, circulating
pre-GC B cells (IgD*CD38*CD27*) and post-GC “plasmablast-
like” cells (IgD'*CD38"CD27*) were significantly increased in a
BAFF-dependent manner.'® The pre-GC B cells and post-GC
“plasmablast-like” cells isolated from cGVHD patients are able
to secrete antibodies in the absence of BCR signal stimulation.’
We speculated that the two cell types might mediate the anti-host
response without antigen stimulation.

Except for naive B cells, increased transitional B cells (CD217)
and decreased memory B cells (CD27*) are widely observed in
c¢GVHD patients.'® Wang et al showed that in effective
extracorporeal photopheresis (ECP) treatment, CD19*CD21'°
B cells are decreased.'"' Some laboratories even demonstrated that
CD19*CD21" transitional B cells can be used as a biomarker for
c¢cGVHD diagnosis and as an evaluation of efficacy after
treatment.'? Gao et al reported that prophylaxis of cGVHD
with mesenchymal stem cell (MSC) infusion is linked with an
increased number of CD27* memory B cells,'® but these CD27*
memory B cells have not been used in clinic. Effectively
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monitoring B cell subset variations may be a good way to predict
and intervene early in this disease.

Regulatory B cells (Bregs) are a series of negative-immunoreg-
ulatory B cells with the ability to secrete the anti-inflammatory
cytokine interleukin 10 (IL-10)."* The phenotypic definition of
Bregs has not been confirmed. Several types of Bregs have been
identified in humans with negative-immunoregulatory functions.
Blair et al described CD19*CD24*CD38" Bregs enriched within
CD19*IgM*CD27* memory and CD19*CD24"CD38" transi-
tional B cells.” van de Veen et al reported that
CD737CD25*CD71* human B regulatory cells could produce
IL-10.'° Iwata identified another type of Breg enriched in
CD24"CD27* and CD27MCD38" plasmablast B cells.'” Sarva-
ria et al described a kind of Bregs within cord blood that protects
against cGVHD by suppressing CD4* T cell activities, while these
Bregs were deficient in cGVHD patients.'® As regulatory T cells
(Tregs) infusion has been taken on in many mouse and even
preclinical experiments, Breg infusion may be a potential strategy
for cGVHD prophylaxis and treatment in the future, but the
definition and validation of Bregs still remains an obstacle.

3. GC DESTRUCTION

Traditional opinions suggest that aberrant GC formation,
follicular T-helper cells, and GC B cells are involved in cGVHD.
GCs are located in the secondary lymphoid organs, and GC
formation is usually associated with Ig somatic hypermutation.®
Tfh cells promote proliferation and differentiation of B cells
through their surface molecules, such as inducible T-cell
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co-stimulator (ICOS) and CD40 ligand (CD40L).">*° In
addition, the secretion of IL-21 by Tfh cells also helps B cells
undergo class switching and enhances their Ig affinity.*! In a
mouse model, enlarged GCs and expanding Tth cells were
observed in the spleen. The increased B cells in GCs were shown
to be necessary to induce a bronchial obliterans (BO) cGVHD
model.® Little about GCs has been reported in human patients
because of difficulty of biopsy.?* GCs are the key link between
immature B cells and specific mature B cells. Destruction of GC
formation results in the development of cGVHD. In recent years,
studies of B cells in cGVHD have mainly focused on targeting GC
reactions, Tth cells and related signaling pathways.

A checkpoint regulator named signaling lymphocyte activation
molecule family 3 (SLAMF3) was found to negatively regulate B
cell homeostasis and modulate the activation thresholds of B cell
subsets. In the cGVHD mouse model, administering SLAMF3
impaired antibody responses and GC B cell numbers but not
CXCRS*PD-1"ICOS* Tth cells. By contrast, anti-SLAMF3
accelerated the differentiation of both GC B cells and donor-
derived Tth cells initiated by cGVHD and decreased the numbers
of donor-derived Tregs and T follicular regulatory (Tfr) cells.
Decreasing anti-SLAMF3-related signaling is effective in pre-
venting autoimmune responses during ¢cGVHD.?> Paz et al
demonstrated that lipid kinase phosphoinositide-3-kinase-d
(PI3K3) is required in donor T cells for their normal function
and survival it supports donor T cells to differentiate into
pathogenic effector T cells and Tth cells. Targeting PI3K3 with its
specific inhibitor compound GS-649443 reduces pathogenic Tfh/
GC B cells and effector T cells. Additionally, inhibiting PI3K3
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Figure 1. Hypothesis of Tfh-B cell interaction in GC and the extrafollicular T-B pathway. auto-mAb = autoreactive monoclonal antibodies; CD40L = CD40 ligand;
ICOS = inducible T-cell co-stimulator; IL-21 = interleukin-21; PSGL-1 = P-selectin glycoprotein ligand 1.
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decreases antibody deposition in the lungs and GC reaction in
secondary lymphoid organs and ultimately ameliorates cGVHD
in mouse model. Clinical experiment is to be expected for better
treatment of cGVHD. B cell lymphoma 6 (BCL6), expressed in
donor T and B cells, is essential for the development and function
of Tth, Tfr, and GC B cells. BCL6 is a master regulator of GC
reactions.”* Mice receiving BCL6-knockout T or B cells failed to
develop BO ¢GVHD.?® Paz et al demonstrated that a small-
molecule BCL6 inhibitor (79-6) is effective for BO ¢cGVHD mice
with efficacy of better pulmonary function and less Ig deposition
in lung biopsy. Small molecular inhibitors are promising cGVHD
therapies for future development.

Interestingly, Deng et al found a GC-independent method for
the development of cGVHD. They showed that extrafollicular
CD44MCD62'°PSGL-1"°CD4* T cell (PSGL-1'°CD4* T cells) and
B cell interactions are sufficient to induce this disease. PSGL-
1'°CD4* T cells can be blocked through ICOS/ICOSL inter-
actions and BCL6 and signal transducer and activator of
transcription 3 (stat3) deficiency in donor CD4* T cells, resulting
in ¢cGVHD amelioration.?® This point is in contrast with our
previous recognition of supra-activated GC reactions in cGVHD,
which are alternative pathways of the classical theory of GC
destruction.

4. DISCUSSION

Due to the early prevention and timely control of aGVHD, the
incidence of aGVHD gradually decreased, while the proportion
of cGVHD has gradually increased as a major complication after
transplantation. Unlike aGVHD, cGVHD is more likely to start
slowly, involve a wide range of organs and tissues and seriously
affect the quality of life of allo-HSCT patients. The pathogenesis
of ¢cGVHD is unclear, and a majority of studies have mainly
focused on the role of T cells. In recent years, an increasing
number of studies have found that B cells also play an important
role in the pathogenesis of cGVHD and affect the course of the
disease. Our previous paper summarized four types of B cell
changes in cGVHD patients: altered B cell subsets, aberrant B cell
signaling pathways, autoantibodies, and T-B interactions. In this
review, we concentrated on the research progress in recent years
on changes in B cell subsets, the induction of cGVHD by GC
destruction and related treatment strategies. The variation of the
B cell subsets is the change that is most seen in cGVHD patients.
We elucidated several B cell subset changes in detail, and long-
term monitoring of B cell subsets may be beneficial for controlling
c¢cGVHD, but it is limited by difficult follow-up and vague
recognition of the B cell subsets. With the development of single-
cell sequencing technology, more sophisticated B cell subsets will
be distinguished and identified in the future. By understanding
more detailed subsets, we can specifically target one of the subsets
and achieve precise treatment.

GC destruction is a common occurrence in cGVHD patho-
genesis. It has been found in many animal studies that GC B cell
and Tfh cell numbers are increased. Targeting their related
pathways is a novel method to treat cGVHD, but these methods
are still in the laboratory or preclinical stage. Except for the small
molecule inhibitors mentioned above, blocking surface markers
on Tth cells such as IL21/IL21R, ICOS, and CD40L with mAbs
may provide new approaches for cGVHD therapy.>”*® Deng et al
presented a supplementary pathway of extrafollicular CD4* T
and B cell interactions in inducing cGVHD.® Jin et al measured
extrafollicular CD4" T cells in the peripheral blood of cGVHD
patients and found that they were significantly expanded
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compared to patients who did not develop c<GVHD.** Monitor-
ing or targeting these circulating extrafollicular Th-like cells may
help us prevent or attenuate cGVHD (Fig. 1).
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