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ABSTRACT

Background: Chronic graft-versus-host disease (GVHD) is the leading cause of late, nonrelapse mortality and disability
in allogeneic hematopoietic cell transplantation recipients and a major obstacle to improving outcomes. The biology of
chronic GVHD remains enigmatic, but understanding the underpinnings of the immunologic mechanisms responsible for
the initiation and progression of disease is fundamental to developing effective prevention and treatment strategies.
Objectives: The aim of this work is to summarize the most recent available data concerning chronic graft versus host
disease from biologic, cytogenic and immunopathogenesis and its role in diagnostics therapeutic.
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INTRODUCTION

Allogeneic hemopoietic stem cell transplantation
(HSCT) is an effective therapy for various malignant and
non-malignant diseases. Chronic graft-versus-host disease
(cGVHD) is a major complication of allogeneic HSCT
causing morbidity and mortality. It occurs in 30-70% of
patients who survive more than 100 days after HSCT.
cGVHD is a complicated disease that is caused by many
factors, such as thymus dysfunction, aberrant antigen
presentation leading to aberrant T- and B-cell reaction
characterized by Th17/Tcl7 differentiation, macrophage
sequestration in tissue, alloantibody formation, and TGF-
B dependent fibrosis . Current cGVHD therapies are
unsatisfactory.  Traditional first-line treatment is
corticosteroids with or without calcineurin inhibitors with
only a 50% response rate, and the therapeutic effects of
second-line treatments are debatable. The direct removal
of naive T cells from the graft or depletion of
differentiating T cells early after transplant or strategies
to enhance Treg numbers after HSCT or the use of
antithymocyte globulin (ATG) as part of the preparative
regimen and the use of rituximab in the post-transplant
period appears highly effective at eliminating cGVHD®?,

cGVHD manifestations:

cGVHD typically manifests with multiorgan pathology
and historically has been defined temporally as GVHD
that occurred later than 100 days post-SCT. The
commonly seen diagnostic features, as outlined by the
National Institutes of Health (NIH) consensus criteria ©,
include skin pathology varying from lichen planus—like
lesions to full sclerosis, bronchiolitis obliterans (BO), and
oral lichen planus—like lesions (i.e., skin, lung, and mouth
involvement). Esophageal webs and strictures and muscle
or joint fasciitis are also diagnostic. Importantly, these
diagnostic features can be seen before day 100 and may
occur simultaneously with features commonly seen in
acute GVHD (aGVHD). This observation has led to the
increased use of clinical findings, rather than a set time
period, to differentiate between acute and chronic GVHD.
The widely accepted NIH consensus criteria are used to
diagnose GVHD and classify manifestations of GVHD as
"diagnostic" or "distinctive" of chronic GVHD or as
common to both acute and chronic GVHD .
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Pathogenesis of cGVHD:

White blood cells of the donor's immune system which
remain within the donated tissue (the graft) recognize the
recipient (the host) as foreign (nhon-self). The white blood
cells present within the transplanted tissue then attack the
recipient's body's cells, which leads to GVHD.
Development of cGVHD is a complex, multi-phase
process that involves various cell lineages and types of
injury ©.

Phases of cGVHD:
1-Early inflammation and tissue injury:

The conditioning regimen damages the Gl epithelium
and leads to translocation of bacteria, which initiates
inflammation mediated by the innate immune system in
cooperation with T and B lymphocytes of the adaptive
immune system. A pro-inflammatory milieu activates
APCs that prime naive T cells to Thl and Thl17
differentiation, expand T effector cells, and target host
tissues. Scavenger macrophages, dendritic cells, B cells,
and neutrophils produce cytokines that enhance antigen
presentation and drive differentiation to the Thl and Th17
effector lineages. Activation and injury of ECs also
contribute to early inflammation in cGVHD. ECs
function as a barrier between donor and recipient tissues
and they are the first host cells encountered by the
transplanted donor immune system. EC injury and early
inflammation may be caused by irradiation,
lipopolysaccharide, TNF-a, and cytotoxic lymphocytes ©.
2-Thymic dysfunction, lack of immune tolerance, and
evolution of chronic GVHD:

The thymus is the primary organ for the development
of T «cells and tolerance induction. BM-derived,
lymphoid-skewed precursor cells travel to the thymus and
differentiate into naive T cells in a regulated stepwise
process involving proliferation, differentiation, and
positive and negative selection. Acute GVHD can attack
the thymus, resulting in the generation of donor T cells
with antihost reactivity owing to defective negative
selection (failed central tolerance) ©. In high-dose TBI-
conditioned recipients there is irreversible severe damage
to mTECs that contributes to cGVHD development.
Autoreactive CD4+ T cells interact with donor-derived
DCs and B cells, resulting in mutual expansion and
autoantibody production as well as cGVHD development
(Figure 1) ©.
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Figure (1): Role of thymus dysfunction in cGVHD pathogenesis ©.

Bregs form specific regulatory B-cell subsets that
downregulate innate and adaptive  immunity,
inflammation and autoimmunity. These B cells have the
ability to secrete the anti-inflammatory cytokine IL10
™), Bregs can also play immunosuppressive roles by
retaining Tregs, limiting Thl and Th17 differentiation
and by inhibiting monocyte activation and cytokine
production from CD4+T cells. Decreased Bregs number
is associated with the development of cGVHD. Bregs
can serve as a predictor of favourable cGVHD
prognosis. Tregs are critical for the control of innate
and adaptive immune responses. Donor graft Tregs
number inversely correlates with aGVHD, and cGVHD
® Decreased numbers of Tregs have been reported at
the onset of chronic GVHD due to diminished thymic
production, reduced proliferative capacity of naive
Tregs, and a failure in memory Tregs survival due to
their increased susceptibility to apoptosis ©

3-Role of B cells in the pathogenesis of chronic
GVHD:

B cells have a role in the pathogenesis of cGVHD
with respect to the following aspects: altered B cell
subpopulations, aberrant B cell signaling pathways and
autoantibodies ¥
1-Altered B-cell subpopulations

In healthy individuals, precursor B cells in BM
migrate to BM sinusoids and progress to the immature
B-cell stage.

In this stage, immature B cells acquire BCRs on their
surfaces and undergo negative selection to delete self-
reactive B cells. Nonreactive immature B cells proceed
through the circulation to the spleen and become
transitional B cells, retaining high levels of IgM on
their surfaces. In the spleen B-cell follicle, transitional
B cells change into mature B cells and enter into the
peripheral blood. B cells that have not encountered
antigens are called naive B cells. In blood circulation,
mature B cells receive stimulation from exogenous
antigens and migrate towards lymphoid follicles as a
result of GC formation. In the GC, B cells interact with
antigens presented by follicular dendritic cells, and B
cells with low affinity move towards apoptosis, while
high-affinity B cells proceed to plasma cells or memory
B cells. This process is called positive selection (Figure
2) ™ In transplant patients who do not develop
CGVHD, supranormal numbers of naive B cells are
needed to sufficiently neutralize B cell activating factor
(BAFF) and promote the deletion of alloreactive and
autoreactive B cells. In addition IL-10 producing
regulatory Breg cells may play an important role in the
prevention of cGVHD through IL-10 secretion ®?. In
patients with cGVHD there is a relative decrease in
naive B cells, and Bregs, that downregulate innate and
adaptive immunity
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Figure (2): Overview of B-cell differentiation and cellular and pathological processes in cGVHD patients .

2-Aberrant B cell pathways:
A-BAFF signaling pathway

In healthy individuals, about 55% to 75% of
transitional B cells emerging from BM in healthy adults
are self-reactive. The maintenance of normal B cell
immunity, therefore, requires deletion of auto-reactive
clones coupled with positive selection after encounter
with microbes. BAFF plays an important role in
determining B cell fate/survival *®. BAFF is a member of
the tumour necrosis superfamily, is critical for mature B-
cell survival and differentiation. It is mainly expressed by
mononuclear cells in peripheral blood, lymph nodes and
the spleen ™. In self-reactive BCR, limiting amounts of
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BAFF are required to promote B cell turnover and
avoidance of autoreactivity. Excessive BAFF levels are
an inducible factor in B-cell autoreactivity (Figure 3) @2,
BAFF combines with BAFF-R on the surface of B cells
and promotes B-cell proliferation. After HSCT, there is a
failure of normal B cell tolerance checkpoints due to high
levels of BAFF. Excess BAFF in active cGVHD resulted
in persistence of donor B cells reactive to a variety of
recipient antigens and secretion of pathologic allo- and
auto-antibodies. In contrast, supranormal B cell numbers
are found in patients without cGVHD. These cells are
able to sequester BAFF and prevent high levels of BAFF
from promoting auto-reactive B cell clones ™.
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Figure (3): BAFF and antigen-driven B cell activation 2.

2287



https://ejhm.journals.ekb.eg/

B-BCR signaling pathway:

In cGVHD patients there is increased BCR responsiveness of autoreactive B cells to antigens followed by elevated
levels of the proximal BCR signaling molecules, spleen tyrosine kinase (SYK) and B cell linker protein (BLNK) that
finally promote the survival, maturation and proliferation of autoreactive B cells (Figure 4) “?.
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C-NOTCH2 signaling pathway

The notch signaling pathway is a cell to cell signaling
pathway considered with differentiation, proliferation
and apoptosis of many cell types in humans. NOTCH2
signaling pathway plays a vital role in cGVHD
pathogenesis. NOTCH2 is a surface molecule and co-
stimulator of aberrant BCR responses in cGVHD “9. In
patients with cGVHD, there is increased NOTCH2
activation that heightens BCR responsiveness and
promotes the expression of the proximal BCR protein
BLNK. Also increased NOTCH2 activation is
associated with a decreased IRF4/IRF8 expression ratio
in cGVHD. IRF4 and IRF8 are highly homologous
proteins that act as critical regulators of immune system
development and function. In B lymphocytes, IRF4 and
IRF8 were shown to control important events during
their development and maturation. Alteration in
IRF4/IRF8 are associated with NOTCH2 expression and
hyperresponsiveness ?

3- Autoantibodies:

Antibody deposition is common in cGVHD patients.
Antibodies perpetuate cGVHD by increasing pathogenic
Th17-cell infiltration and promoting fibrogenesis °. H-
Y antibodies generated from female to male HSCT
patients with cGVHD have remarkably shown that
antibodies are associated with cGVHD. H-Y antibodies
are not detectable in the early post-transplantation
period and not associated with aGVHD, confirming that
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Figure (4): Three hyperactive signaling pathways in cGVHD patients and potential drugs for cGVHD therapy
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H-Y antibodies are needed at the onset of cGVHD.
Also, stimulatory platelet-derived growth factor receptor
(PDGFR) autoantibodies were identified in ¢cGVHD
patients, especially in those with extensive skin lesions
and lung fibrosis. These antibodies recognize PDGFR,
stimulate type | collagen gene expression and cause
fibrosis @©.

4-Aberrant Repair, Propagation of Fibrosis, and
Progression of Chronic GVHD:

Tissue macrophages are key regulators of fibrosis and
a major source of TGF-B (perhaps the most significant
molecule involved in fibrinogenesis), and PDGF. They
are also major producers of both matrix
metalloproteinases (MMPs) as well as their endogenous
suppressors, tissue inhibitors of MMPs (TIMPs) @, In
addition, macrophages secrete TNF-a and IL-1B, which
can activate fibroblasts and contribute to ECM
generation. The factors promoting macrophage tissue
sequestration and the subsequent development of
cGVHD pathology, was shown to be dependent on IL-
17 produced by Th17 and colony-stimulating factor 1
(CSF-1). Also auto- and allo-antibody production
released from activated B cells with colony-stimulating
factor 1 (CSF-1) activate macrophages as macrophages
express very high levels of FcR receptors and are highly
efficient at opsonization of antibody-coated targets
which in turn can generate very high levels of TGF-p,
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which activates myofibroblasts and collagen production
leading to further tissue scarring and fibrosis ®®.

Treatment of chronic graft-versus-host disease:

The choice of initial therapy for patients with chronic
GVHD depends on the organs involved, the severity of
symptoms and the prophylactic regimen used. The
severity of chronic GVHD is determined by an
assessment of the degree of organ involvement. Mild
disease involves two or fewer organs/sites with no
clinically significant functional impairment. Mild
disease can be managed with adjunct treatment to
specific sites alone. Patients with mild chronic GVHD
that does not respond to local measures or who are not
candidates for localized therapy are candidates for
systemic treatment 9. For patients with moderate to
severe chronic GVHD, corticosteroids are the initial
systemic therapy of choice . Patients are expected to
have stable or improving disease within two weeks of
therapy. For those with progression at two weeks or lack
of response by four to six weeks, we consider the
disease resistant and switch therapy. We suggest the
addition of a calcineurin inhibitor (e.g., cyclosporin,
tacrolimus). We expect to attain stable disease within
two weeks of starting therapy and wait four to six weeks
prior to changing to a new regimen. The best treatment
for patients with progressive or persistent disease
despite prednisone and a calcineurin inhibitor
(cyclosporine or tacrolimus) is not known, and clinical
practice varies. The main treatment options are
nonpharmacologic therapies, such as extracorporeal
photopheresis (ECP) and psoralen ultraviolet irradiation
(PUVA) therapy, and the wuse of additional
immunosuppressive drugs like mycophenolate mofetil
(mmf), sirolimus, ruxolitinib, ibrutinib, rituximab,
imatinib and pentostatin. A choice among these agents
must take into consideration the organs involved, patient
comorbidities, physician experience, and available
resources 9.

New drugs under clinical trials for treatment of
cGVHD include SYK inhibitor like fostamatinib that
may be a promising drug to ameliorate BOS and
scleroderma in murine cGVHD models by eliminating B
cells ™. Protease inhibitor like bortezomib that blocks
both BAFF and BCR signatures and can successfully
ameliorate cutaneous lesions in cGVHD mice and
humans ®Y. NOTCH2-related therapies including
NOTCH2 mAbs and all-trans retinoic acid (ATRA)
have been proven to be promising in ameliorating
GVHD “9 ATRA increase IRF4 expression and
eliminate BCR-NOTCH2 hyperactivation as well as
relieve cGVHD symptoms; this has also been shown to
be effective in cGVHD mouse models. Belumosudil
(KD025) is a Rho-associated kinase 2 (ROCK2)
inhibitor with great potential for cGVHD treatment.
Previous studies found ROCK2 signaling is required for
the generation of Tfhs. In a sclerodermatous cGVHD

model, Belumosudil (KD025) inhibits Tfhs generation
as it blocks 1L21 production ®?. Belumosudil (KD025)
is now in a phase 2 clinical trial for treatment of
cGVHD “°,

Prevention

Multiple different regimens have been used in an
attempt to prevent the development of chronic GVHD;
most have been ineffective. Two exceptions are the use
of antithymocyte globulin (ATG) as part of the
preparative regimen and the use of rituximab in the
post-transplant period @®. Also the direct removal of
naive T cells from the graft or depletion of
differentiating T cells early after transplant or strategies
to enhance Treg numbers after SCT appears highly
effective at eliminating cGVHD @2,
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