PROGRESS

IN

HEMATOLOGY

B-cell involvement in chronic graft-versus-host disease
Rick Kapur,1 Saskia Ebeling,2 and Anton Hagenbeek3
1
School for Utrecht Medical Masters (SUMMA), University Medical Center Utrecht, Utrecht; 2Department of
Immunology, University Medical Center Utrecht, Utrecht and 3Department of Hematology, University Medical
Center Utrecht, Utrecht, The Netherlands

ABSTRACT
Chronic graft-versus-host disease is a serious complication in long-term survivors of allogeneic hematopoietic stem cell transplantation,
with several organ systems affected. Chronic graft-versus-host disease is an important cause of morbidity and mortality in allogeneic
hematopoietic stem cell transplantation. This article reviews the pathogenesis of chronic graft-versus-host disease. In particularly, the
role of B cells in chronic graft-versus-host disease is evaluated, as is evident from several studies which have investigated the presence
of antibodies as well as studies which have analyzed B cells as a target for immunotherapy. Thirty autoantibodies and 5 alloantibodies
have been identified in chronic graft-versus-host disease patients in 24 studies, and 8 autoantibodies and 5 alloantibodies seemed to
be strongly associated with chronic graft-versus-host disease. In addition, various studies have observed significant improvements in
chronic graft-versus-host disease using the anti-CD20+ antibody rituximab. However, it appears to be highly likely that both B cells as
well as T cells are of major importance in chronic graft-versus-host disease. Further research is required to clarify the pathogenesis of
chronic graft-versus-host disease.
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Introduction
Chronic graft-versus-host disease (cGVHD) is the most
common problem affecting long-term survivors of allogeneic hematopoietic stem cell transplantation (HSCT),
and is a significant cause of morbidity and mortality in
patients receiving HSCT.1 cGVHD is becoming increasingly more prevalent; as more patients survive transplantation, and more transplantation procedures are being performed with peripheral blood stem cells, as recipient age
increases at transplantation, and with increased use of
alternative donors.2-4 cGVHD can affect several organ systems, as presented in Table 1. The most widely employed
first-line therapy for cGVHD is a combination of
cyclosporine A and prednisone. However, patients who
fail to respond to steroid-based therapy have a poor outcome.5 Therefore, various agents have been exploited as
salvage therapy, but consensus has yet to be reached.
Interestingly, many autoimmune diseases such as primary biliary cirrhosis (PBC), Sjögren’s syndrome and scleroderma have several features in common with cGVHD,6,7
as regards to clinical manifestations as well as to the preva-

lence of autoantibodies. In PBC anti-mitochondrial antibodies (AMA) are the serological hallmark of the disease,
being present in 90-95% of the patients.8 In addition, antinuclear antibodies (ANA)9-15 and elevated IgM levels are
also found.8 Regarding Sjögren’s syndrome, autoantibodies
include anti-Ro/SSA and anti-La/SSB,16,17 ANA,17-20 anti-αfodrin antibodies,21 antibodies directed against acethylcholine receptors22 and anti-islet cell autoantigen 69
(ICA69) antibodies.23 In addition, anti-parietal cell antibodies, AMA, anti-ribonucleoprotein antibodies, anti-smooth
muscle (anti-Sm) antibodies without any significant clinical or analytical associations, and rheumatoid factor (RF)
have also been reported.17 The international consensus criteria for Sjögren’s syndrome state that at least one of the
autoantibodies anti-Ro/SSA, anti-La/SSB or IgM rheumatoid factor, is included as one of the criteria in order to confirm the diagnosis.24 Concerning scleroderma, antiendothelial cell antibodies,25,26 anti-fibrillin-1 antibodies,27
anti-matrix metalloproteinases 1 and 328,29 and anti-plateletderived growth factor receptor (PDGFR) antibodies30,31
have been described. Treatment of PBC is generally initiated with ursodeoxycholic acid (ursodiol), and colchicine
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Table 1. Overview of organ systems which can be affected by cGVHD, including clinical signs/laboratory findings and histopathological
features. Adapted and modified from Higman et al.1

Organ system

Clinical signs/laboratory findings

Histopathology

Skin (common)

Hyper- and hypopigmentation, lichen planus,
poikiloderma, cutaneous ulcers,
scleroderma, icthyosis, bullous pemphigoid.

Cutaneous structures
Mouth (common)

Onchodystrophy, alopecia, loss of sweat glands.
Lichen planus, erythema, ulcers, xerostomia,
dental caries, fibrosis, decreased salivary flow.
Keratoconjunctivitis sicca, corneal ulcerations.
Icterus, elevated alkaline phosphatase,
transaminases, bilirubin.
Obstructive more than restrictive
abnormalities on pulmonary function testing,
bronchiolitis obliterans, pneumothoraces,
bronchiectasis, pseudomonal colonization,
pulmonary infiltrates.
Polymyositis, arthritis, fasciitis.

Lichenoid: hyperkeratosis, focal hypergranulosis,
acanthosis, dyskeratotic keratinocytes, vacuolar degeneration,
colloid bodies, perivascular and periadnexal
lymphoplasmacellular infiltrate.
Poikiloderma: epidermal atrophy, loss of rete ridges.
Scleroderma: epidermal atrophy, dermal fibrosis, less inflammation
than lichenoid lesions, destruction of adnexal structures.
Destruction and fibrosis of cutaneous appendages.
Mucosal atrophy, lymphoplasmacytic inflammation, increased
mucopolysaccharides, fibrosis and destruction of minor salivary glands.
N.d.
Small bile duct atypia and damage with subsequent necrosis and dropout,
moderate lymphocytic infiltrate, cholestasis and ballooning.
Bronchiolitis obliterans with granulation tissue plugs
and fibrosis obliterating small airways, interstitial pneumonitis.

Eye (common)
Liver (common)
Lung

Musculoskeletal
Esophagus
Intestines
Serous
Nervous
Urological
Renal (rare)
Vagina
Hematopoietic
Immuno

Esophageal web, desquamation, ulcerations,
strictures, submucosal fibrosis, abnormal motility.
Fibrosis, malabsorption
Pericardial, peritoneal and pleural effusions.
Entrapment of nerves, peripheral neuropathy,
myasthenia gravis.
Cystitis, phimosis.
Glomerulonephritis.
Erythema, lichen-planus like, sicca, strictures,
stenosis, ulcers.
Thrombocytopenia, neutropenia, eosinophilia,
hemolytic anemia, pure red cell aplasia.
Lymphoid hypocellularity, hyper- or
hypogammaglobulinemia.

Biopsy non-specific but may demonstrate muscle fiber dropout,
usually transudative.
N.d.
N.d.
N.d.
N.d.
N.d.
Biopsy may demonstrate focal segmental proliferative glomerulonephritis
with glomerulosclerosis and large cellular crescents in glomeruli.
N.d.
N.d.
N.d.

N.d: not described in the original article.

and methothrexate can be added.8 Therapy for
Sjögren’s syndrome includes topical agents in order to
moisterize and decrease inflammation. In addition,
therapy for extraglandular manifestations involves systemic therapy like steroids or other anti-inflammatory
agents, disease-modifying drugs and cytotoxic drugs.
Treatment of sclerodermatic skin lesions include ultraviolet-A light therapy, glucocorticoids, calcipotriol and
methotrexate. Several studies have found clinical features of Sjögren’s syndrome to improve after treatment
with rituximab, an anti-CD20 antibody, mostly including Sjögren syndrome-related lymphoma.32-45 No studies to date have analyzed the influence of rituximab in
patients with PBC or scleroderma.
The involvement of autoantibodies and alloantibodies as well as the effect of rituximab in cGVHD will be
discussed in the following section. This article addresses the pathogenesis of cGVHD, which is not yet completely understood, with a special focus on the possible role of B cells.

Pathogenesis of cGVHD
B cells
Twenty-four research groups have investigated the
involvement of antibodies in the pathogenesis of
cGVHD, and found 35 different antibodies to be more
prevalent in cGVHD (Table 2). Although not always
analyzed, 8 autoantibodies and 5 alloantibodies
seemed to be strongly associated with cGVHD in clinical terms, i.e. disease severity, namely the autoantibodies anti-cytoskeletal intermediate filament antibodies,46 anti-cytoplasmic squamous epithelium antibodies,47 anti-nucleolar B23 antibodies,48,49 anti-nucleolar C23 antibodies,48,49 anti-H1 histones antibodies,48,49
anti-nuclear lamins A/C antibodies,48,49 anti-thyroid
microsome antibodies,47 anti-PDGFR antibodies,50 and
the alloantibodies anti-DBY antibodies,51-53 anti-UTY
antibodies,53 anti-ZFY antibodies,53 anti-RPS4Y antibodies,53 anti-EIF1AY antibodies.53 Interestingly, most
studies have tested different antibodies.
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Table 2A. Overview of identified antibodies (autoantibodies) to
date present in cGVHD patients.

Table 2B. Overview of identified antibodies (alloantibodies) to
date present in cGVHD patients.

Autoantibody

Alloantibody

Prevalence in cGVHD
patients after
allogeneic HSCT

82% (n=28)106
38% (n=26)107
62% (n=53)108
25% (n=21)109
22% (n=89)110
23% (n=13)111
43% (n=63)112
Anti-mitosin antibodies
100% (n= 1)113
82% (n=28)106
Anti-Sm antibodies
35% (n=26)107
49% (n=53)108
17% (n=21)109
26% (n=89)110
15% (n=13)111
6% (n=63)112
AMA
14% (n=28)106
11% (n=53)108
82% (n=11)114
6% (n=63)112
Anti-epidermal antibodies
14% (n=28)106
11% (n=53)108
Anti-cytoskeletal intermediate 100% (n=16)46
filaments antibodies
Anti-cytoskeleton antibodies 91% (n=11)98
IgM anti-cytoplasmic factor
37% (n=19)115
Anti-cytoplasmic squamous
42% (n=36)47
epithelium antibodies
Anti-double stranded
15% (n=26)107
DNA (anti-dsDNA)
31% (n=13)111
antibodies
3% (n=63)112
Anti-nucleolar antibodies
23% (n=26)107
22% (n=63)112
Anti-nucleolar B23 antibodies 45% (n=22)48,49
Anti-nucleolar C23 antibodies 27% (n=22)48,49
8% (n=37)70
Anti-H1 histones antibodies 18% (n=22)48,49
Anti-nuclear lamins
9% (n=22)48,49
A/C antibodies
6% (n=53)108
Anti-liver kidney
microsome antibodies
Anti-thyroid microsome
43% (n=40)47
antibodies
5 % (n=63)112
100% (n=1)116
Anti-interferon α (INF-α)
antibodies
79% (n=19)117,118
Anti-CD13 antibodies
Anti-topoisomerase I
11% (n=37)70
antibodies
Anti-polymyositis/scleroderma 5% (n=37)70
(PM/Scl) antibodies
Anti-La/SSB antibodies
3% (n=37)70
Anti-neutrophil cytoplasmatic 24% (n=21)109
antibodies (ANCA)
17% (n=47)119
11% (n=63)112
100% (n=1)120
p-ANCA
Anti-reticulin antibodies
22% (n=21)109
RF
10% (n=21)109
8% (n=13)111
Anti-cardiolipin antibodies
10% (n=89)110
(ACLA)
2% (n=63)112
Anti-heat shock protein (hsp) 48% (n=27)121
70 IgM antibodies
Anti-hsp90 IgM antibodies
48% (n=27)121
100% (n=22)50
Anti-PDGFR antibodies
ANA
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Prevalence in cGVHD
patients after
allogeneic HSCT

Degree of
association
with cGVHD

Anti-DBY antibodies

100% (n=1)51
50% (n=60)52
47% (n=75)53

? (F → M HSCT)
+++ (F → M HSCT)
+++ (F → M HSCT)

Anti-UTY antibodies
Anti-ZFY antibodies
Anti-RPS4Y antibodies
Anti-EIF1AY antibodies

24% (n=75)53
16% (n=75)53
5% (n=75)53
8% (n=75)53

+++
+++
+++
+++

(F → M HSCT)
(F → M HSCT)
(F → M HSCT)
(F → M HSCT)

Prevalence of antibodies in cGVHD patients after allogeneic HSCT, with
n representing the number of patients studied. Degree of association with cGVHD:
? unknown association, - no association, + weak association, ++ positive
association, +++ strong association, F → M HSCT: male allogeneic HSCT
patients with female donors.

Not much is known regarding the pathogenicity of
autoantibodies and alloantibodies in cGVHD patients.
Despite over 20 years of investigation, no studies have
convincingly demonstrated that these antibodies contribute to the clinical manifestations of tissue injury in
cGVHD. The location of most target antigens of these
antibodies is intracellular and the antibodies do not
have a direct cytolytic activity. In addition, tissue
injury via immune complexes or vasculitis is not probable, as these are not prominent features of cGVHD.
However, recently it has been demonstrated that sera
from 46 patients with scleroderma contained antibodies to the PDGFR.30 This led to a signal transduction
cascade involving activation of Ha-Ras, extracellular
signal-regulated kinase (ERK)1/2, and reactive oxygen
species (ROS). Eventually, this resulted in an increased
type I collagen-gene expression and myofibroblast
phenotype conversion in normal human primary
fibroblasts. This fibroblast activation is a characteristic
feature of scleroderma. Interestingly, Svegliati et al.
have described the same phenomenon in 22 patients
with extensive cGVHD, where higher levels of antiPDGFR antibodies were detected in patients with generalized skin involvement and/or lung fibrosis.50 These
antibodies were also shown to activate the Ha-Ras,
ERK1/2, ROS signal transduction cascade, leading to
increased type I collagen-gene expression. Therefore,
these autoantibodies might play a causal role in the
pathogenesis of sclerodermatous cGVHD, ultimately
leading to fibroblast activation. Nevertheless, the contribution of anti-PDGFR antibodies with respect to the
clinical manifestations of tissue injury in cGVHD still
remains to be established.

T cells
Traditionally, the main focus has been on T cells,
which are considered to be major effectors and initiators in cGVHD. These T cells could attack tissue
directly through cytolytic attack, secretion of
cytokines inducing inflammation or fibrosis. Recently,
T-regulatory cells (Tregs) have been investigated. Tregs
can suppress proliferation and function of T cells, par-
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ticularly of the Th1 type.54 They are also known to
constitutively express CD25+.55 Using a murine model,
it was demonstrated that the incidence and severity of
cGVHD is higher in the absence of recipient CD4+
CD25+ T cells, and the subsequent repletion with
recipient or host Tregs resulted in a protective effect.56
In addition, monitoring of Foxp3 expression as a marker of Tregs, showed Treg-deficiency in cGVHD
patients.57 In contrast, another study of 17 patients
showed high numbers of CD4+ CD25+ T cells in
cGVHD patients.58 Therefore, the function of Tregs in
cGVHD is undetermined. In addition, in a murine
model it was demonstrated that de novo generation of
donor CD4+ T cells during acute GVHD is of importance for the progression to cGVHD.59 Furthermore,
various T-cell depleting antibodies, including antithymocyte globulin,60 alemtuzumab (campath-1H, antiCD52+ antibody)61-66 and basiliximab (anti-CD25+ antibody),67 have been shown to be effective in preventing
cGVHD. However, these were all small, phase I and II,
single center studies. Therefore, a prospective controlled randomized multicenter study is highly warranted to confirm these promising results.

Co-ordinated B- and T-cell response
Several studies have suggested a possible collaboration between B and T cells in the pathogenesis of
cGVHD. This is in accordance with the fact that Thelper cells, via CD40 ligand expression, are necessary
for immunoglobulin isotype switching.68 Additionally,
treatment with rituximab led to an incomplete response
in a bullous pemphigoid-cGVHD patient.69 But when
adding daclizumab, an anti-CD25 antibody, a complete
clinical response in combination with a complete
decrease in bullous pemphigoid titer was observed.
Daclizumab may have interrupted the helper function of
CD4+ T cells, which facilitate the secretion of autoantibodies against bullous pemphigoid antigen 2 (BPAG2)
by CD20- plasma cells. In addition, various studies
demonstrated B-cell responses to certain antigens in
cGVHD patients, indicating the collaboration of B and T
cells to produce specific antibodies against host antigens.48,52,53,70 Moreover, Zorn et al. demonstrated a coordinated B- and T-cell response in a male cGVHD
patient after allogeneic HSCT with a female donor.51 In
this study, donor B cells were shown to mediate an
alloimmune response and donor CD4+ T cells mediated an autoimmune response, via the development of
anti-DBY antibodies. Furthermore, in cGVHD patients
treated with rituximab, total lymphocytes decreased
even more severely in number than B cells, suggesting
that rituximab may somehow suppress T cells that
interact with B cells.71 This seems to be enigmatic, considering the fact that T cells are CD20–. In contrast,
Canninga-van Dijk et al. found no changes in T cells
and T-cell subsets after treatment with rituximab.72
Moreover, using a murine model of cGVHD, it was
recently demonstrated that cGVHD (sclerodermatous
and glomerulonephritis) induction required both
donor CD4+ CD25– T cells and B cells.73 Interestingly,
donor CD4+ CD25+ T cells (Tregs) prevented the induction of cGVHD. This indicates a strategy consisting of

depletion of CD4+ CD25- T cells as well as B cells and
infusion of donor Tregs, in order to prevent cGVHD.
The necessity of infusion of donor Tregs can be supported by another study, in which T-cell depletion did
not reduce the incidence of cGVHD or improve survival in cGVHD patients.74

Dendritic cells
The evidence concerning a role for dendritic cells in
the pathogenesis of cGVHD is limited. Previously,
studies had shown the association of early donor dendritic cell reconstitution with the non-appearance of
severe GVHD, as the immune system should switch
from host type to donor type following allogeneic
HSCT in order for hematopoiesis to be regenerated.75,76
One study demonstrated a role for host dendritic cells
in the development of cGVHD, as from day 100 after
allogeneic HSCT the persistence of host dendritic cells
appeared to be correlated with the onset of severe
acute GVHD and cGVHD.77 Interestingly, another
study reported that modified dendritic cells with an
increased capacity for immune response regulation,
known as regulatory dendritic cells, have a protective
effect regarding incidence and severity of cutaneous
cGVHD in a murine model, via generation of alloreactive CD4+ CD25+ Foxp3+ regulatory T cells (Tregs).78

Treatment of cGVHD with rituximab
Based on the fact that B cells might possibly produce
pathogenic antibodies in cGVHD, it can be envisaged
that B cells may provide a new target for immune
intervention in cGVHD. In B-cell malignancies (lymphoma), rituximab has been developed as a treatmentstrategy. Rituximab is an anti-CD20 chimeric mousehuman IgG antibody which enhances B-cell lysis via
complement-dependent cytotoxicity, antibodydependent cellular cytotoxicity and apoptosis.
Moreover, rituximab has also proven its efficacy in
several autoimmune diseases, including Sjögren’s syndrome32-45 and systemic lupus erythematosus (SLE).79-85
As cGVHD also appears to have autoimmune features,
it can be argued that rituximab might be effective in
the treatment of cGVHD. For this purpose, a number
of studies have analyzed the potential of rituximab in
patients with cGVHD and have observed several positive effects, mostly including skin manifestations of
cGVHD.69,71,72,86-90 A summary of all these studies is presented in Table 3. However, among many of the
responding cGVHD patients, rituximab failed to establish a complete recovery. Furthermore, in responding
patients, the positive effect of rituximab only applied
to specific manifestations of cGVHD, whereas other
signs and symptoms seemed unaffected. In addition,
there were also patients who were totally unresponsive to treatment with rituximab. This might be due to
irreversible damage induced by antibodies. It might
also be possible that some cells are not depleted by rituximab, due to the absence or low expression of
CD20. Nevertheless, due to the observed positive
effects of rituximab and the poor outcome of the
haematologica | 2008; 93(11) | 1705 |
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Table 3. Overview of data obtained from studies which have investigated the efficacy of rituximab in cGVHD patients.

Study

Effect of rituximab

Ratanatharathorn et al.87

Disappearance of cold agglutinin titers and resolution
of Raynaud phenomenon, decline in proteinuria,
improvement of sclerodermatous changes of thoracic cage
with improvement in pulmonary spirogram, resolution of
cervical flexion contracture from diffuse scleroderma
and healing of lichen planus.
Improvement of skin and oral cavity lesions
(5 out of 6 patients), recovery liver function (2 out of 5 patients),
improvement itching and redness (all 4 patients with lichenoid
changes of the skin), nearly full recovery of hair growth
(2 patients with alopecia).
Sclerodermatous cGVHD improvement
(significant in 2 patients and slightly in 1 patient).
Improvement of cutaneous and musculoskeletal
manifestations of cGVHD (2 patients with complete response).
Significant decrease in DBY (4 out of 4) and UTY titers (3 out of 3).
Improvement of cGVHD manifestations of: skin (17 out of 27 patients),
mouth (10 out of 21), eyes (6 out of 14), liver (3 out of 12),
lung (3 out of 8), joints (4 out of 5), gut (3 out of 4), thrombocytopenia
(2 out of 3) and myasthenia gravis (1 out of 1).
Durable normalization of thrombocytopenia and complete response
of oral lichen planus, skin, xerophthalmia.
In bullous pemphigoid-cGVHD, treatment led to a decrease in
bullous pemphigoid titer, however inadequate. Addition of daclizumab
was necessary to achieve complete clinical response as well as
complete decrease of BP titer.
Improvement of pure red cell aplasia as a manifestation of cGVHD,
as evident from increased reticulocytes and persistent normalization
of hemoglobin levels.

Canninga-van Dijk et al.72

Okamoto et al.71
88

Cutler et al.

Zaja et al.89

Ratanatharathorn et al.86
Szabolcs et al.69

Benson Jr et al.90

patients who inadequately respond to cyclosporine A
and prednisone, rituximab should be given a chance as
second-line treatment in these patients, particularly
when the skin is involved. However, the question
remains how rituximab exerts its effects, as rituximab
eliminates CD20+ B cells while the antibody-secreting
plasma cells are thought to be CD20–. Perhaps the
early B-cell tolerance checkpoints, in which autoreactive B-cells and antibodies are normally removed, are
defective in cGVHD, as has been shown to be the case
in SLE.91 This could result in an accumulation of these
autoreactive B cells and antibodies in the circulating
mature naïve B-cell compartment. These mature naïve
B cells may somehow receive signals from the autoreactive B cells and antibodies and subsequently differentiate into plasma cells which secrete autoantibodies
that are observed in cGVHD. Rituximab may target
these CD20+ mature naïve B cells, which could result
in a decreased life span of antibody-secreting plasma
cells (Figure 1). However, it is important to realize that
plasma cells are not only limited to the bone marrow,
as long-lived plasma cells are also found in the spleen
and lymph nodes.92-96 In addition, it was recently
demonstrated that the human tonsil contains long
lived plasma cells, most of them expressing CD20.97
These cells were shown to be depleted after treatment
with rituximab. Interestingly, in the same study, about
50% of the plasma cells in the spleen, lymph nodes
and bone marrow, were also found to express CD20,
| 1706 | haematologica | 2008; 93(11)

Response rate of patients
4 out of 8 (50 %)

5 out of 6 (83 %)

3 out of 3
14 out of 21 (67 %)
25 out of 38 (65 %)

1 out of 1
1 out of 1

1 out of 1

at a density less than that of plasma cells from blood
or tonsil. This suggests that rituximab might exert its
effect at these sites. Therefore, the much heard
assumption, that plasma cells only reside in the bone
marrow and that they are CD20–, has been shown to
be incorrect.

Conclusions and future recommendations
Considering the clinical resemblance between
cGVHD and autoimmune diseases such as PBC,
Sjögren’s syndrome and scleroderma,6,7 in combination
with the prevalence of several antibodies (Table 2), a
significant role for B cells in the pathogenesis of
cGVHD seems plausible. The autoantibodies are probably derived from donor lymphocytes, and are, therefore, in fact alloantibodies, but definite data confirming this assumption is lacking. However, 22 out of 35
antibodies failed to show a strong association with
cGVHD, despite their presence (Table 2). Nevertheless,
it may very well be possible that these antibodies are
allready present before the diagnosis or the onset of
the first clinical manifestation of cGVHD. This
appeared to be the case in some patients described by
Dighiero et al.98 and this phenomenon has also been
demonstrated convincingly in SLE.99 In addition, there
might also be an association between these 22 antibodies and cGVHD, when taking the new National
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A

Early B cells

Early B-cell tolerance
checkpoint

Mature naïve B-cell
compartment

B

Early B cells

Defective early B-cell
tolerance checkpoint
Autoreactive B-cells
and antibodies

Mature naïve B-cell
compartment
Rituximab

Plasma cells

Antibodies

Plasma cells

Institutes of Health consensus criteria of cGVHD into
consideration.100-105 The new criteria for diagnosis and
staging of cGVHD indicate that there is no longer a
time limit after HSCT for the appearance of clinical
symptoms of cGVHD,100 while in the past only the
presence or continuation of GVHD manifestions at
100 days or later post-HSCT were termed cGVHD.
Importantly, Svegliati et al. have demonstrated the
presence as well as the biological activity of antiPDGFR antibodies, leading to fibroblast activation, in
sclerodermatous cGVHD patients.50 Also, the fact that
several positive effects of treatment with rituximab in
cGVHD patients have been found, further strengthens
the involvement of B cells in cGVHD.69,71,72,86-90
Alternatively, a potential role of B cells as antigen-presenting cells in cGVHD can be considered. Antibodies
in the plasma membrane (B-cell antigen receptors) may
facilitate the uptake of extracellular antigens via receptor-mediated endocytosis. Eventually, this could result
in the cross-presentation of these antigens via MHC
class II molecules to T cells.
The complexity of cGVHD is illustrated by the fact
that cGVHD is a multi-organ disease and that the manifestations can vary considerably among patients.
Thus, it can be hypothesized that the immune system
adapts itself to each specific condition predominantly
via the use of B cells as well as T cells, since the evidence for dendritic cell involvement is less convincing.
For instance, this can be supported by the observations
that in some cases of cGVHD there are low levels of
CD4+ CD25+ T cells,56,57,73 whereas in other cases the
levels of CD4+ CD25+ T cells are high.58,69
Future directions should be aimed at more intensive
screening of the autoantibodies and alloantibodies
found to date in patients with cGVHD, diagnosed
with the new National Institutes of Health consensus
criteria, as most studies have analyzed different anti-

Auto-antibodies

Figure 1. Hypothesis regarding the mechanism of rituximab in cGVHD, based on
defective early B-cell tolerance checkpoints. Panel A (left) depicts the cGVHDnegative environment. Panel B (right)
depicts the cGVHD-positive environment,
with a defective B-cell tolerance checkpoint, eventually leading to the formation
of autoantibodies. The inhibitory effect of
rituximab on CD20+ mature naïve B cells
and finally on the formation of autoantibodies is illustrated.

bodies (Table 2). It is also important to design more
longitudinal studies instead of cross-sectional studies,
preferably prospectively, so that changes can be followed over time. Also larger patient groups would be
beneficial in order to further strengthen the data. In
addition, studies investigating the effect of various
therapeutic agents such as methothrexate, cyclosporine A, azathioprine and prednisone, on the kinetics of antibody formation, should be expanded.
Furthermore, studies should focus more on identification of novel antigens which might be involved in
cGVHD. The importance of such studies is demonstrated by Miklos et al., who concluded that the presence of H-Y alloantibodies appeared to be associated
with cGVHD and also with the maintenance of disease remission, in male patients with female donors.53
Considering the recent finding by Svegliati et al.,50 the
role of B cells in the process of fibrosis should be evaluated. Also the possible role of B cells as antigen presenting cells in cGVHD should be investigated.
In conclusion, it is highly probable that both B cells
as well as T cells have a crucial role in the pathogenesis of cGVHD. An approach to prevent cGVHD might
therefore be to deplete both these B and T cells, followed by infusion of donor Tregs.

Authorship and Disclosures
RK: wrote and designed the paper, and also created all
tables and figures. SE: co-wrote and revised the paper.
AH: co-wrote and revised the paper, and takes primary
responsibility for the paper. AH is advisor to Roche
International, Switzerland; Bayer Schering Pharma,
Germany and Genmab A/S, Denmark.
The other authors reported no potential conflicts of
interest.

haematologica | 2008; 93(11) | 1707 |

R. Kapur et al.

References
1. Higman MA, Vogelsang GB.
Chronic graft versus host disease.
Br J Haematol 2004;124:435-54.
2. Cutler C, Giri S, Jeyapalan S,
Paniagua D, Viswanathan A, Antin
JH. Acute and chronic graft-versushost disease after allogeneic peripheral-blood stem-cell and bone marrow transplantation: a meta-analysis. J Clin Oncol 2001;19:3685-91.
3. Lee SJ. New approaches for preventing and treating chronic graftversus-host disease. Blood 2005;
105:4200-6.
4. Weisdorf DJ. Chronic graft-versushost disease: where is promise for
the future? Leukemia 2005;19:
1532-5.
5. Farag SS. Chronic graft-versus-host
disease: where do we go from
here? Bone Marrow Transplant
2004;33: 569-77.
6. Lawley TJ, Peck GL, Moutsopoulos
HM, Gratwohl AA, Deisseroth AB.
Scleroderma, Sjögren-like syndrome, and chronic graft-versushost disease. Ann Intern Med 1977;
87:707-9.
7. Gratwhol AA, Moutsopoulos HM,
Chused TM, Akizuki M, Wolf RO,
Sweet JB, Deisseroth AB. Sjögrentype syndrome after allogeneic
bone-marrow transplantation. Ann
Intern Med 1977;87:703-6.
8. Kaplan MM, Gershwin ME.
Primary biliary cirrhosis. N Engl J
Med 2005;353:1261-73.
9. Remmel T, Piirsoo A, Koiveer A,
Remmel H, Uibo R, Salupere V.
Clinical significance of different
antinuclear antibodies patterns in
the course of primary biliary cirrhosis. Hepatogastroenterology 1996;
43:1135-40.
10. Marasini B, Gagetta M, Rossi V,
Ferrari P. Rheumatic disorders and
primary biliary cirrhosis: an
appraisal of 170 Italian patients.
Ann Rheum Dis 2001;60:1046-9.
11. Muratori P, Muratori L, Ferrari R,
Cassani F, Bianchi G, Lenzi M, et al.
Characterization and clinical
impact of antinuclear antibodies in
primary biliary cirrhosis. Am J
Gastroenterol 2003;98:431.
12. Joshi S, Cauch-Dudek K, Wanless
IR, Lindor KD, Jorgensen R, Batts K,
et al. Primary biliary cirrhosis with
additional features of autoimmune
hepatitis: response to therapy with
ursodeoxycholic acid. Hepatology
2002;35:409-13.
13. Yang WH, Yu JH, Nakajima A,
Neuberg D, Lindor K, Bloch DB. Do
antinuclear antibodies in primary
biliary cirrhosis patients identify
increased risk for liver failure? Clin
Gastroenterol Hepatol 2004;2:
1116-22.
14. Wesierska-Gadek J, Penner E,
Battezzati PM, Selmi C, Zuin M,
Hitchman E, et al. Correlation of
initial autoantibody profile and
clinical outcome in primary biliary
cirrhosis. Hepatology 2006;43:
1135-44.
15. Nakamura M, Shimizu-Yoshida Y,
| 1708 | haematologica | 2008; 93(11)

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

Takii Y, Komori A, Yokoyama T,
Ueki T, et al. Antibody titer to
gp210-C terminal peptide as a clinical parameter for monitoring primary biliary cirrhosis. J Hepatol
2005;42:386-92.
Tengner P, Halse AK, Haga HJ,
Jonsson R, Wahren-Herlenius M.
Detection of anti-Ro/SSA and antiLa/SSB autoantibody-producing
cells in salivary glands from
patients with Sjogren’s syndrome.
Arthritis Rheum 1998;41:2238-48.
Nardi N, Brito-Zeron P, RamosCasals M, Aguilo S, Cervera R,
Ingelmo M, et al. Circulating autoantibodies against nuclear and nonnuclear antigens in primary
Sjogren’s syndrome: prevalence and
clinical significance in 335 patients.
Clin Rheumatol 2006;25: 341-6.
Asmussen K, Andersen V, Bendixen
G, Schiodt M, Oxholm P. A new
model for classification of disease
manifestations in primary Sjogren’s
syndrome: evaluation in a retrospective long-term study. J Intern
Med 1996;239:475-82.
Wise CM, Woodruff RD. Minor
salivary gland biopsies in patients
investigated for primary Sjogren's
syndrome. A review of 187
patients. J Rheumatol 1993;20:
1515-8.
Shah F, Rapini RP, Arnett FC,
Warner NB, Smith CA. Association
of labial salivary gland histopathology with clinical and serologic features of connective tissue diseases.
Arthritis Rheum 1990;33:1682-7.
Haneji N, Nakamura T, Takio K,
Yanagi K, Higashiyama H, Saito I,
et al. Identification of alpha-fodrin
as a candidate autoantigen in primary Sjogren’s syndrome. Science
1997; 276:604-7.
Waterman SA, Gordon TP,
Rischmueller M. Inhibitory effects
of muscarinic receptor autoantibodies on parasympathetic neurotransmission in Sjogren’s syndrome. Arthritis Rheum 2000;43:
1647-54.
Winer S, Astsaturov I, Cheung R,
Tsui H, Song A, Gaedigk R, et al.
Primary Sjogren’s syndrome and
deficiency of ICA69. Lancet 2002;
360:1063-9.
Vitali C. Classification criteria for
Sjogren’s syndrome. Ann Rheum
Dis 2003;62:94-5.
Bordron A, Dueymes M, Levy Y,
Jamin C, Leroy JP, Piette JC, et al.
The binding of some human antiendothelial cell antibodies induces
endothelial cell apoptosis. J Clin
Invest 1998;101:2029-35.
Ahmed SS, Tan FK, Arnett FC, Jin L,
Geng YJ. Induction of apoptosis
and fibrillin 1 expression in human
dermal endothelial cells by scleroderma sera containing antiendothelial cell antibodies. Arthritis
Rheum 2006; 54:2250-62.
Tan FK, Arnett FC, Reveille JD, Ahn
C, Antohi S, Sasaki T, et al.
Autoantibodies to fibrillin 1 in systemic sclerosis: ethnic differences in
antigen recognition and lack of correlation with specific clinical fea-

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

tures or HLA alleles. Arthritis
Rheum 2000;43:2464-71.
Sato S, Hayakawa I, Hasegawa M,
Fujimoto M, Takehara K. Function
blocking autoantibodies against
matrix metalloproteinase-1 in
patients with systemic sclerosis. J
Invest Dermatol 2003;120:542-7.
Nishijima C, Hayakawa I, Matsushita T, Komura K, Hasegawa M,
Takehara K, et al. Autoantibody
against matrix metalloproteinase-3
in patients with systemic sclerosis.
Clin Exp Immunol 2004;138:35763.
Baroni SS, Santillo M, Bevilacqua F,
Luchetti M, Spadoni T, Mancini M,
et al. Stimulatory autoantibodies to
the PDGF receptor in systemic sclerosis. N Engl J Med 2006;354:266776.
Tan FK. Autoantibodies against
PDGF receptor in scleroderma. N
Engl J Med 2006;354:2709-11.
Shih WJ, Ghesani N, Hongming Z,
Alavi A, Schusper S, Mozley D. F18 FDG positron emission tomography demonstrates resolution of
non-Hodgkin’s lymphoma of the
parotid gland in a patient with
Sjogren's syndrome: before and
after anti-CD20 antibody rituximab
therapy. Clin Nucl Med 2002;27:
142-3.
Somer BG, Tsai DE, Downs L,
Weinstein B, Schuster SJ, American
College of Rheumatology ad hoc
Committee on Immunologic
Testing Guidelines. Improvement
in Sjogren’s syndrome following
therapy with rituximab for marginal zone lymphoma. Arthritis
Rheum 2003;49:394-8.
Voulgarelis M, Giannouli S,
Anagnostou D, Tzioufas AG.
Combined therapy with rituximab
plus cyclophosphamide/doxorubicin/vincristine/prednisone (CHOP)
for Sjogren’s syndrome-associated
B-cell aggressive non-Hodgkin's
lymphomas.
Rheumatology
(Oxford) 2004;43: 1050-3.
Harner KC, Jackson LW, Drabick JJ.
Normalization of anticardiolipin
antibodies following rituximab
therapy for marginal zone lymphoma in a patient with Sjogren’s
syndrome. Rheumatology (Oxford)
2004;43:1309-10.
Ramos-Casals M, Lopez-Guillermo
A, Brito-Zeron P, Cervera R, Font J.
Treatment of B-cell lymphoma
with rituximab in two patients
with Sjogren’s syndrome associated
with hepatitis C virus infection.
The SS-HCV Study GroupLupus
2004;13: 969-71.
Pijpe J, van Imhoff GW, Vissink A,
van der Wal JE, Kluin PM, Spijkervet FK, et al. Changes in salivary
gland immunohistology and function after rituximab monotherapy
in a patient with Sjogren’s syndrome and associated MALT lymphoma. Ann Rheum Dis 2005;64:
958-60.
Pijpe J, van Imhoff GW, Spijkervet
FK, Roodenburg JL, Wolbink GJ,
Mansour K, et al. Rituximab treatment in patients with primary

B-cell involvement in chronic graft-versus-host disease

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Sjogren’s syndrome: an open-label
phase II study. Arthritis Rheum
2005;52:2740-50.
Gottenberg JE, Guillevin L,
Lambotte O, Combe B, Allanore Y,
Cantagrel A, et al. Tolerance and
short term efficacy of rituximab in
43 patients with systemic autoimmune diseases. Ann Rheum Dis
2005;64:913-20.
Ahmadi-Simab K, Lamprecht P,
Nolle B, Ai M, Gross WL.
Successful treatment of refractory
anterior scleritis in primary
Sjogren’s syndrome with rituximab. Ann Rheum Dis 2005;64:
1087-8.
Touma Z, Sayad J, Arayssi T.
Successful treatment of Sjogren’s
syndrome with rituximab. Scand J
Rheumatol 2006;35:323-5.
Ring T, Kallenbach M, Praetorius J,
Nielsen S, Melgaard B. Successful
treatment of a patient with primary
Sjogren’s syndrome with rituximab. Clin Rheumatol 2006; 25:
891-4.
Voulgarelis M, Giannouli S,
Tzioufas AG, Moutsopoulos HM.
Long term remission of Sjogren's
syndrome associated aggressive B
cell non-Hodgkin's lymphomas following combined B cell depletion
therapy and CHOP (cyclophosphamide, doxorubicin, vincristine,
prednisone). Ann Rheum Dis 2006;
65:1033-7.
Devauchelle-Pensec V, Pennec Y,
Morvan J, Pers JO, Daridon C,
Jousse-Joulin S, et al. Improvement
of Sjogren's syndrome after two
infusions of rituximab (anti-CD20).
Arthritis Rheum 2007;57:310-7.
Seror R, Sordet C, Guillevin L,
Hachulla E, Masson C, Ittah M, et
al. Tolerance and efficacy of rituximab and changes in serum B cell
biomarkers in patients with systemic complications of primary
Sjogren's syndrome. Ann Rheum
Dis 2007;66:351-7.
Tazzari PL, Gobbi M, Zauli D,
Tassinari A, Crespi C, Miserocchi F,
et al. Close association between
antibodies to cytoskeletal intermediate filaments, and chronic graftversus-host disease. Transplantation 1987;44:234-6.
Lortan JE, Rochfort NC, el-Tumi M,
Vellodi A. Autoantibodies after
bone marrow transplantation in
children with genetic disorders:
relation to chronic graft-versus-host
disease. Bone Marrow Transplant
1992;9:325-30.
Wesierska-Gadek J, Penner E,
Hitchman E, Kier P, Sauermann G.
Nucleolar proteins B23 and C23 as
target antigens in chronic graft-versus-host disease. Blood 1992;79:
1081-6.
Kier P, Penner E, Bakos S, Kalhs P,
Lechner K, Volc-Platzer B, et al.
Autoantibodies in chronic GVHD:
high prevalence of antinucleolar
antibodies. Bone Marrow Transplant 1990;6:93-6.
Svegliati S, Olivieri A, Campelli N,
Luchetti M, Poloni A, Trappolini S,
et al. Stimulatory autoantibodies to

51.

52.

53.

54.

55.
56.

57.

58.

59

60.

61.

PDGF receptor in patients with
extensive chronic graft-versus-host
disease. Blood 2007;110:237-41.
Zorn E, Miklos DB, Floyd BH,
Mattes-Ritz A, Guo L, Soiffer RJ, et
al. Minor histocompatibility antigen DBY elicits a coordinated B and
T cell response after allogeneic
stem cell transplantation. J Exp Med
2004;199:1133-42.
Miklos DB, Kim HT, Zorn E,
Hochberg EP, Guo L, Mattes-Ritz
A, et al. Antibody response to DBY
minor histocompatibility antigen is
induced after allogeneic stem cell
transplantation and in healthy
female donors. Blood 2004;103:
353-9.
Miklos DB, Kim HT, Miller KH,
Guo L, Zorn E, Lee SJ, et al. Antibody responses to H-Y minor histocompatibility antigens correlate
with chronic graft-versus-host disease and disease remission. Blood
2005;105:2973-8.
Cosmi L, Liotta F, Angeli R,
Mazzinghi B, Santarlasci V, Manetti
R, et al. Th2 cells are less susceptible than Th1 cells to the suppressive activity of CD25+ regulatory
thymocytes because of their
responsiveness to different cytokines. Blood 2004;103:3117-21.
Wood KJ, Sakaguchi S. Regulatory
T cells in transplantation tolerance.
Nat Rev Immunol 2003;3:199-210.
Anderson BE, McNiff JM, Matte C,
Athanasiadis I, Shlomchik WD,
Shlomchik MJ. Recipient CD4+ T
cells that survive irradiation regulate chronic graft-versus-host disease. Blood 2004;104:1565-73.
Miura Y, Thoburn CJ, Bright EC,
Phelps ML, Shin T, Matsui EC, et al.
Association of Foxp3 regulatory
gene expression with graft-versushost disease. Blood 2004;104:218793.
Clark FJ, Gregg R, Piper K, Dunnion
D, Freeman L, Griffiths M, et al.
Chronic graft-versus-host disease is
associated with increased numbers
of peripheral blood CD4+CD25high
regulatory T cells. Blood 2004;103:
2410-6.
Zhang Y, Hexner E, Frank D,
Emerson SG. CD4+ T cells generated de novo from donor hemopoietic stem cells mediate the evolution
from acute to chronic graft-versushost disease. J Immunol 2007;179:
3305-14.
Bonifazi F, Bandini G, Stanzani M,
Palandri F, Giannini B, Arpinati M,
et al. In vivo T-cell depletion with
low-dose ATG is effective in reducing cGVHD after peripheral blood
stem cell myeloablative sibling
transplants in CML: results from a
prospective phase II study. Bone
Marrow Transplant 2005;35:10256.
von dem Borne PA, Beaumont F,
Starrenburg CW, Oudshoorn M,
Hale G, Falkenburg JH, et al.
Outcomes after myeloablative
unrelated donor stem cell transplantation using both in vitro and in
vivo T-cell depletion with alemtuzumab. Haematologica 2006;91:

1559-62.
62. Cullis JO, Szydlo RM, Cross NC,
Marks DI, Schwarer AP, Hughes TP,
et al. Matched unrelated donor
bone marrow transplantation for
chronic myeloid leukaemia in
chronic phase: comparison of ex
vivo and in vivo T-cell depletion.
Bone Marrow Transplant 1993;11:
107-11.
63. Marks DI, Bird JM, Vettenranta K,
Hunt L, Green A, Cornish JM, et al.
T cell-depleted unrelated donor
bone marrow transplantation for
acute myeloid leukemia. Biol Blood
Marrow Transplant 2000;6:646-53.
64. Oakhill A, Pamphilon DH, Potter
MN, Steward CG, Goodman S,
Green A, et al. Unrelated donor
bone marrow transplantation for
children with relapsed acute lymphoblastic leukaemia in second
complete remission. Br J Haematol
1996;94:574-8.
65. Chakrabarti S, MacDonald D, Hale
G, Holder K, Turner V, Czarnecka
H, et al. T-cell depletion with
Campath-1H “in the bag” for
matched related allogeneic peripheral blood stem cell transplantation
is associated with reduced graftversus-host disease, rapid immune
constitution and improved survival.
Br J Haematol 2003;121:109-18.
66. Hale G, Jacobs P, Wood L, Fibbe
WE, Barge R, Novitzky N, et al.
CD52 antibodies for prevention of
graft-versus-host disease and graft
rejection following transplantation
of allogeneic peripheral blood stem
cells. Bone Marrow Transplant
2000;26:69-76.
67. Ji SQ, Chen HR, Yan HM, Wang
HX, Liu J, Zhu PY, et al. Anti-CD25
monoclonal antibody (basiliximab)
for prevention of graft-versus-host
disease after haploidentical bone
marrow transplantation for hematological
malignancies.
Bone
Marrow Transplant 2005;36:34954.
68. Aruffo A, Farrington M, Hollenbaugh D, Li X, Milatovich A,
Nonoyama S, et al. The CD40 ligand, gp39, is defective in activated
T cells from patients with X-linked
hyper-IgM syndrome. Cell 1993;72:
291-300.
69. Szabolcs P, Reese M, Yancey KB,
Hall RP, Kurtzberg J. Combination
treatment of bullous pemphigoid
with anti-CD20 and anti-CD25
antibodies in a patient with chronic
graft-versus-host disease. Bone
Marrow Transplant 2002;30:327-9.
70. Bell SA, Faust H, Mittermuller J,
Kolb HJ, Meurer M. Specificity of
antinuclear antibodies in scleroderma-like chronic graft-versus-host
disease: clinical correlation and histocompatibility locus antigen association. Br J Dermatol 1996;134:
848-54.
71. Okamoto M, Okano A, Akamatsu
S, Ashihara E, Inaba T, Takenaka H,
et al. Rituximab is effective for
steroid-refractory sclerodermatous
chronic graft-versus-host disease.
Leukemia 2005;20:172-3.
72. Canninga-van Dijk MR, van der
haematologica | 2008; 93(11) | 1709 |

R. Kapur et al.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Straaten HM, Fijnheer R, Sanders
CJ, van den Tweel JG, Verdonck LF.
Anti-CD20 monoclonal antibody
treatment in 6 patients with therapy-refractory chronic graft-versushost disease. Blood 2004;104:26036.
Zhang C, Todorov I, Zhang Z, Liu
Y, Kandeel F, Forman S, et al. Donor
CD4+ T and B cells in transplants
induce chronic graft-versus-host
disease with autoimmune manifestations. Blood 2006;107:2993-3001.
Pavletic SZ, Carter SL, Kernan NA,
Henslee-Downey J, Mendizabal
AM, Papadopoulos E, et al.
Influence of T-cell depletion on
chronic graft-versus-host disease:
results of a multicenter randomized
trial in unrelated marrow donor
transplantation. Blood 2005;106:
3308-13.
Auffermann-Gretzinger S, Lossos
IS, Vayntrub TA, Leong W, Grumet
FC, Blume KG, et al. Rapid establishment
of
dendritic
cell
chimerism in allogeneic hematopoietic cell transplant recipients.
Blood 2002; 99:1442-8.
Klangsinsirikul P, Carter GI, Byrne
JL, Hale G, Russell NH. Campath1G causes rapid depletion of circulating host dendritic cells (DCs)
before allogeneic transplantation
but does not delay donor DC
reconstitution. Blood 2002;99:258691.
Chan GW, Gorgun G, Miller KB,
Foss FM. Persistence of host dendritic cells after transplantation is
associated with graft-versus-host
disease. Biol Blood Marrow Transplant 2003;9:170-6.
Fujita S, Sato Y, Sato K, Eizumi K,
Fukaya T, Kubo M, et al.
Regulatory dendritic cells protect
against cutaneous chronic graft-versus-host disease mediated through
CD4+ CD25+ Foxp3+ regulatory T
cells. Blood 2007;110:3793-803.
Edwards JC, Cambridge G. Sustained improvement in rheumatoid arthritis following a protocol
designed to deplete B lymphocytes.
Rheumatology (Oxford) 2001;40:
205-11.
Saleh MN, Gutheil J, Moore M,
Bunch PW, Butler J, Kunkel L, et al.
A pilot study of the anti-CD20
monoclonal antibody rituximab in
patients with refractory immune
thrombocytopenia. Semin Oncol
2000;27:99-103.
Stasi R, Stipa E, Forte V, Meo P,
Amadori S. Variable patterns of
response to rituximab treatment in
adults with chronic idiopathic
thrombocytopenic purpura. Blood
2002;99:3872-3.
Ahrens N, Kingreen D, Seltsam A,
Salama A. Treatment of refractory
autoimmune haemolytic anaemia
with anti-CD20 (rituximab). Br J
Haematol 2001;114:244-5.
Zecca M, De Stefano P, Nobili B,
Locatelli F. Anti-CD20 monoclonal
antibody for the treatment of
severe, immune-mediated, pure red
cell aplasia and hemolytic anemia.
Blood 2001;97:3995-7.

| 1710 | haematologica | 2008; 93(11)

84. Zaja F, Russo D, Fuga G, Perella G,
Baccarani M. Rituximab for myasthenia gravis developing after bone
marrow transplant. Neurology
2000;55:1062-3.
85. Saito K, Nawata M, Nakayamada
S, Tokunaga M, Tsukada J, Tanaka
Y. Successful treatment with antiCD20 monoclonal antibody (rituximab) of life-threatening refractory
systemic lupus erythematosus with
renal and central nervous system
involvement. Lupus 2003;12:798800.
86. Ratanatharathorn V, Carson E,
Reynolds C, Ayash LJ, Levine J,
Yanik G, et al. Anti-CD20 chimeric
monoclonal antibody treatment of
refractory
immune-mediated
thrombocytopenia in a patient with
chronic graft-versus-host disease.
Ann Intern Med 2000;133:275-9.
87. Ratanatharathorn V, Ayash L, Reynolds C, Silver S, Reddy P, Becker
M, et al. Treatment of chronic graftversus-host disease with anti-CD20
chimeric monoclonal antibody. Biol
Blood Marrow Transplant 2003;9:
505-11.
88. Cutler C, Miklos D, Kim HT,
Treister N, Woo SB, Bienfang D, et
al. Rituximab for steroid-refractory
chronic graft-vs-host disease. Blood
2006;108:756-62.
89. Zaja F, Bacigalupo A, Patriarca F,
Stanzani M, Van Lint MT, Fili C, et
al. Treatment of refractory chronic
GVHD with Rituximab: a GITMO
study. Bone Marrow Transplant
2007;40:273-7.
90. Benson DM Jr, Smith MK, Krugh D,
Devine SM. Successful therapy of
chronic graft-versus-host disease
manifesting as pure red cell aplasia
with single-agent rituximab. Bone
Marrow Transplant 2008;41:595-6.
91. Yurasov S, Wardemann H,
Hammersen J, Tsuiji M, Meffre E,
Pascual V, et al. Defective B cell tolerance checkpoints in systemic
lupus erythematosus. J Exp Med
2005;201:703-11.
92. Manz RA, Lohning M, Cassese G,
Thiel A, Radbruch A. Survival of
long-lived plasma cells is independent of antigen. Int Immunol 1998;
10:1703-11.
93. Slifka MK, Antia R, Whitmire JK,
Ahmed R. Humoral immunity due
to long-lived plasma cells. Immunity 1998;8:363-72.
94. Sze DM, Toellner KM, Garcia de
Vinuesa C, Taylor DR, MacLennan
IC. Intrinsic constraint on plasmablast growth and extrinsic limits
of plasma cell survival. J Exp Med
2000;192:813-21.
95. Ellyard JI, Avery DT, Phan TG,
Hare NJ, Hodgkin PD, Tangye SG.
Antigen-selected, immunoglobulinsecreting cells persist in human
spleen and bone marrow. Blood
2004;103:3805-12.
96. Hoyer BF, Moser K, Hauser AE,
Peddinghaus A, Voigt C, Eilat D, et
al. Short-lived plasmablasts and
long-lived plasma cells contribute
to chronic humoral autoimmunity
in NZB/W mice. J Exp Med 2004;
199:1577-84.

97. Withers DR, Fiorini C, Fischer RT,
Ettinger R, Lipsky PE, Grammer
AC. T cell-dependent survival of
CD20+ and CD20- plasma cells in
human secondary lymphoid tissue.
Blood 2007;109:4856-64.
98. Dighiero G, Intrator L, Cordonnier
C, Tortevoye P, Vernant JP. High
levels of anti-cytoskeleton autoantibodies are frequently associated
with chronic GVHD. Br J Haematol
1987;67:301-5.
99. Arbuckle MR, McClain MT,
Rubertone MV, Scofield RH,
Dennis GJ, James JA, et al. Development of autoantibodies before the
clinical onset of systemic lupus erythematosus. N Engl J Med 2003;
349:1526-33.
100. Filipovich AH, Weisdorf D, Pavletic
S, Socie G, Wingard JR, Lee SJ, et al.
National Institutes of Health consensus development project on criteria for clinical trials in chronic
graft-versus-host disease: I. Diagnosis and staging working group
report. Biol Blood Marrow
Transplant 2005;11:945-56.
101. Shulman HM, Kleiner D, Lee SJ,
Morton T, Pavletic SZ, Farmer E, et
al. Histopathologic diagnosis of
chronic graft-versus-host disease:
National Institutes of Health
Consensus Development Project on
Criteria for Clinical Trials in
Chronic Graft-versus-Host Disease:
II. Pathology Working Group
Report. Biol Blood Marrow
Transplant 2006;12:31-47.
102. Schultz KR, Miklos DB, Fowler D,
Cooke K, Shizuru J, Zorn E, et al.
Toward biomarkers for chronic
graft-versus-host disease: National
Institutes of Health consensus
development project on criteria for
clinical trials in chronic graft-versus-host disease: III. Biomarker
Working Group Report. Biol Blood
Marrow Transplant 2006;12:12637.
103. Pavletic SZ, Martin P, Lee SJ,
Mitchell S, Jacobsohn D, Cowen
EW, et al. Measuring therapeutic
response in chronic graft-versushost disease: National Institutes of
Health Consensus Development
Project on Criteria for Clinical
Trials in Chronic Graft-versus-Host
Disease: IV. Response Criteria
Working Group report. Biol Blood
Marrow Transplant 2006;12:25266.
104. Couriel D, Carpenter PA, Cutler C,
Bolaños-Meade J, Treister NS, GeaBanacloche J, et al. Ancillary therapy and supportive care of chronic
graft-versus-host disease: National
Institutes of Health Consensus
Development Project on Criteria
for Clinical Trials in Chronic Graftversus-Host Disease: V. Ancillary
Therapy and Supportive Care
Working Group Report. Biol Blood
Marrow Transplant 2006;12:37596.
105. Martin PJ, Weisdorf D, Przepiorka
D, Hirschfeld S, Farrell A, Rizzo JD,
et al. National Institutes of Health
Consensus Development Project on
Criteria for Clinical Trials in

B-cell involvement in chronic graft-versus-host disease

Chronic Graft-versus-Host Disease:
VI. Design of Clinical Trials
Working Group Report. Biol Blood
Marrow Transplant 2006;12:491505.
106. Rouquette-Gally AM, Boyeldieu D,
Gluckman E, Abuaf N, Combrisson
A. Autoimmunity in 28 patients
after allogeneic bone marrow transplantation:
comparison
with
Sjögren syndrome and scleroderma.
Br J Haematol 1987;66:45-7.
107. Lister J, Messner H, Keystone E,
Miller R, Fritzler MJ. Autoantibody
analysis of patients with graft versus host disease. J Clin Lab
Immunol 1987;24:19-23.
108. Rouquette-Gally AM, Boyeldieu D,
Prost AC, Gluckman E. Autoimmunity after allogeneic bone marrow transplantation. A study of 53
long-term-surviving patients. Transplantation 1988;46: 238-40.
109. Chan EY, Lawton JW, Lie AK, Lau
CS. Autoantibody formation after
allogeneic bone marrow transplantation: correlation with the reconstitution of CD5+ B cells and occurrence of graft-versus-host disease.
Pathology 1997;29:184-8.
110. Quaranta S, Shulman H, Ahmed A,
Shoenfeld Y, Peter J, McDonald GB,
et al. Autoantibodies in human
chronic graft-versus-host disease
after hematopoietic cell transplantation. Clin Immunol 1999;91:10616.

111. Wechalekar A, Cranfield T, Sinclair
D, Ganzckowski M. Occurrence of
autoantibodies in chronic graft vs.
host disease after allogeneic stem
cell transplantation. Clin Lab
Haematol 2005;27:247-9.
112. Patriarca F, Skert C, Sperotto A,
Zaja F, Falleti E, Mestroni R, et al.
The development of autoantibodies after allogeneic stem cell transplantation is related with chronic
graft-vs-host disease and immune
recovery. Exp Hematol 2006;34:
389-96.
113. Muro Y, Kamimoto T, Hagiwara M.
Anti-mitosin antibodies in a patient
with chronic graft-versus-host disease after allogeneic bone marrow
transplantation. Bone Marrow
Transplant 1997;19:951-3.
114. Siegert W, Stemerowicz R, Hopf U.
Antimitochondrial antibodies in
patients with chronic graft-versushost disease. Bone Marrow
Transplant 1992;10:221-7.
115. Holmes JA, Livesey SJ, Bedwell AE,
Amos N, Whittaker JA. Autoantibody analysis in chronic graftversus-host disease. Bone Marrow
Transplant 1989;4:529-31.
116. Prümmer O, Bunjes D, Wiesneth
M, Arnold R, Porzsolt F, Heimpel H.
High-titre interferon-α antibodies
in a patient with chronic graft-versus-host disease after allogeneic
bone marrow transplantation. Bone
Marrow Transplant 1994;14:483-6.

117. Soderberg C, Sumitran-Karuppan S,
Ljungman P, Moller E. CD13-specific autoimmunity in cytomegalovirus-infected immunocompromised patients. Transplantation
1996;61:594-600.
118. Soderberg C, Larsson S, Rozell BL,
Sumitran-Karuppan S, Ljungman P,
Moller
E.
Cytomegalovirusinduced CD13-specific autoimmunity--a possible cause of chronic
graft-vs-host disease. Transplantation 1996; 61:600-9.
119. Martin SJ, Audrain MA, Oksman F,
Ecoiffier M, Attal M, Milpied N, et
al. Antineutrophil cytoplasmic antibodies (ANCA) in chronic graft-versus-host disease after allogeneic
bone marrow transplantation. Bone
Marrow Transplant 1997;20:45-8.
120. Nouri-Majelan N, Sanadgol H,
Ghafari A, Rahimian M, Najafi F,
Mortazavizadeh M, et al. Antineutrophil cytoplasmic antibodyassociated glomerulonephritis in
chronic graft-versus-host disease
after allogenic hematopoietic stem
cell transplantation. Transplant
Proc 2005;37:3213-5.
121. Goral J, Shenoy S, Mohanakumar
T, Clancy J Jr. Antibodies to 70 kD
and 90 kD heat shock proteins are
associated with graft-versus-host
disease in peripheral blood stem
cell transplant recipients. Clin Exp
Immunol 2002;127:553-9.

haematologica | 2008; 93(11) | 1711 |

