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by their strong association with the active disease status
of BD. Moreover, recognition of the endogenously
generated MICA peptide by autoreactive CTLs in the
context of HLA-B51 may explain why HLA-BS1 is a
marker of susceptibility and severity in BD (1,2). Thus,
MICA is the first “behgetogenic” CD8 autoantigen
identified in association with HLA-B51. In BD patients
without HLA-B51, it is possible that appropriate MICA-
derived peptides are presented in the context of HLA
class I molecules other than HLA-B51 and recognized
by autoreactive CTLs.

Many extrinsic pathogenic candidates, including
bacterial and viral antigens, have been reported in BD
{2). An excessive inflammatory response induced by
these extrinsic agents is one of the fundamental disease
processes of BD (2). Neutrophil hyperfunction and a
cross-reactive autoimmune response between microbial
and human HSPs are proposed to be responsible for this
hyperreactivity (1,14}. MICA is a stress-inducible pro-
tein that acts as a ligand for a subset of v/& T cell
receptors (6) and a killer cell-activating receptor,
NKG2D, expressed by most cytotoxic cells, including
CTLs and natural killer cells (15). Cytotoxic activity is
augmented via the engagement of NKG2D to MICA,
whose expression is induced on epithelial and endothe-
lial cells under stress conditions. The physiologic role of
MICA remains unclear, but it is thought to function as a
marker for damaged or infected epithelial and endothe-
lial cells and to facilitate clearance of those injured cells
by an immune surveillance system. This process would
not normally induce harmful inflammation but may
cause tissue injuries in the presence of MICA-reactive
CTLs in patients with BD. Namely, after nonspecific
minor injuries and microbial infection, MICA-reactive
CTLs are activated upon recognition of the MICA-
derived peptide presented on the epithelium and endo-
thelium and subsequently lead to excessive and pro-
longed inflammatory responses at the site of stress by
enhancing the MICA-mediated cytotoxicity. This re-
sponse would be further augmented in the predominant
Th1 cytokine environment observed in patients with BD
(1,2).

In summary, this report provides the first direct
evidence showing the potential involvement of HLA-
B51-restricted autoreactive CTLs in the pathogenesis of
BD. Moreover, our findings will stimulate further re-
search on MICA as a key molecule in the development
of BD. Because this is a preliminary study preformed in

YASUOKA ET AL

a small number of patients with BD, additional studies
involving a larger population are necessary to confirm
our hypothesis.
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Lack of circulating autoantibodies to bone
morphogenetic protein receptor-II or activin
receptor-like kinase 1 in mixed connective tissue
disease patients with pulmonary arterial hypertension

T. Sat0h1’3, K. Kimural, Y. Okano®, M. Hirakata?, Y. Kawakami!
and M. Kuwana!

Objectives. To examine whether autoantibodies against bone morphogenetic protein receptor-II (BMPR-II) or activin receptor-
like kinase 1 (ALK-1) are associated with pulmonary arterial hypertension (PAH) in patients with mixed connective tissue
disease (MCTD).

Methods. We studied sera from 37 MCTD patients with or without PAH, six patients with idiopathic PAH, and 30 healthy
controls. Circulating anti-BMPR-II and anti-ALK-1 antibodies were detected using immunoprecipitation of recombinant
antigens generated by in vitre transcriptionftranslation and indirect immunofluorescence of cultured cells that were induced
to express these antigens by gene transfer. Anti-BMPR-II antibodies were further examined by immunoprecipitation and
immunoblotting using a recombinant fragment of the extracellular domain of BMPR-II.

Results. Serum anti-BMPR-1I and anti-ALK-1 autoantibodies were not detected in MCTD patients irrespective of the presence
or absence of PAH, or in patients with idiopathic PAH.

Conclusions. Our finding does not support the hypothesis that autoantibody-mediated dysregulation of signals through
BMPR-II or ALK-1 contributes to the development of PAH in patients with connective tissue diseases,

Key worps: Pulmonary arterial hypertension, Autoantibody, Mixed connective tissue disease, Bone morphogenetic protein receptor-I1,

Activin receptor-like kinase 1.

Pulmonary arterial hypertension (PAH) is a life-threatening organ
involvement in patients with various connective tissue diseases,
in¢luding scleroderma [1]. PAH also occurs without an underlying
disease, and is then termed idiopathic pulmonary arterial hyper-
tension (IPAH; formerly primary pulmonary hypertension) {2].
Recent genetic analyses in IPAH patients have identified germ-line
mutations in the gene for bone morphogenetic protein receptor-II
{(BMPR-II), a type Il receptor for transforming growth factor B
(TGF-8) superfamilies, in both familial and sporadic cases [3-5]. In
addition, families with hereditary haemorrhagic telangiectasia are
known to develop PAH frequently, and mutations in the gene for
activin receptor-like kinase 1 (ALK-1), a type I receptor for TGF-
B, have been identified as a genetic factor responsible for this
hereditary disease [6]. Both BMPR-II and ALK-1 are receptors for
TGF-B family proteins, with intraceflular serine/threonine kinase
domains that are preferentially expressed on vascular endothelial
cells [7, 8). Upon ligand binding, these receptors participate in the
phosphorylation of a series of Smad proteins that regulate the
growth and functional properties of vascular endothelial and
smooth muscle cells. It is currently believed that dysregulated
Smad signals through BMPR-II and ALK-1 are involved in the
pathogenesis of IPAH [9, 10},

IPAH and PAH accompanied by connective tissue diseases
have similar characteristics [l], including medial hypertrophy
and plexogenic arteriopathy in the pulmonary artery histology;
progressive clinical course and poor prognosis; and therapeutic
responses to continuous infusion of the prostacyclin analogue
and endothelin-1 receptor antagonist. Therefore, we hypothesized
that dysfunction in BMPR-II or ALK-1 also contributes to the
pathogenesis of PAH in patients with connective tissue diseases.
However, it seemed unlikely that genetic mutations would be
found as the underlying cause because two independent research
groups failed to detect mutations in the BMPR-II gene in patients
with scleroderma spectrum disorders and PAH (11, 12]. Another
potential mechanism includes the presence of autoantibodies that
functionally interfere with ligand binding to BMPR-II or ALK-1,
which is reasonably likely, because patients with connective tissue
diseases, especially those with systernic lupus erythematosus (SLE),
are intrinsically prone to producing autoantibodies. To test this
hypothesis, we developed assay systems to detect autoantibodies
that react with BMPR-II and ALK-1. Since the majority of
Japanese patients with connective tissue disease and PAH are
positive for antibodies to Ul small nuclear ribonucleoprotein
{UIRNP) and have a diagnosis of mixed connective tissue disease
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(MCTD) [13. 14], we examined MCTD patients with or without
PAH in this study.

Materials and methods

Patients and samples

We examined 37 patients who were positive for anti-UIRNP
antibodies and fulfilled the diagnostic criteria for MCTD proposed
by Porter et al. [15]. MCTD patients represented heterogeneous
clinical characteristics: 21 patients met the American College of
Rheumatology (ACR) classification criteria for SLE [16], 24 met
the ACR preliminary classification criteria for scleroderma [17],
and six met the diagnostic criteria for definite polymyositis or
dermatomyositis as proposed by Bohan and Peter [18]. Fourteen
patients satisfied two of these three sets of criteria (SLE and
scleroderma in nine, and scleroderma and polymyositis/dermato-
myositis in five). Echocardiogram was performed on all patients,
and those with a mean pulmonary artery pressure <25mmHg at
rest were regarded as non-PAH [9]. The remaining patients, with a
mean pulmonary artery pressure >25 mmHg, were further divided
into two groups: patients with definite PAH in whom the presence
of PAH was confirmed by right ventricle catheterization, and those
with questionable PAH in whom right ventricle catheterization
was not carried out. Serum samples from six patients with IPAH {2]
and 30 healthy individuals were used as controls. Written consent
was obtained according to the Declaration of Helsinki, and the
study design was approved by Keio University Institutional
Review Boards.

IgG fraction

The immunoglobulin G (IgG) fraction was isolated from sera by
affinity chromatography using a HiTrap™ Protein G HP Column
{Amersham Biosciences, Uppsala, Sweden) according to the
manufacturer's protocol. The protein concentration was measured
with the Bradford assay using serial concentrations of bovine
serum albumin (BSA) as a standard.

¢DNA constructs

Full-length ¢DNAs encoding human BMPR-II and ALK-1 were
kindly provided by Dr Kohei Miyazono (University of Tokyo
Graduate School of Medicine, Tokyo, Japan). These cDNAs were
subcloned into pcDEF3-FLAG (BMPR-II}) or pcDNA3-HA
{ALK-1), which add FLAG- and HA-epitope tags, respectively,
at the carboxyl terminal end [19, 20].

Immunoprecipitation of recombinant polypeptides generated
by in vitro transcription and translation

Recombinant BMPR-II-FLAG and ALK-1-HA were produced
by in vitro transcription and translation of full-length ¢cDNAs
using the Single Tube Protein™ S?/stem 3 (Novagen, Darmstadt,
Germany) in the presence of **S-labelled methionine (ICN
Biomedicals, Irvine, CA, USA). ¥*S-labelled BMPR-II-FLAG
and ALK-1-HA were applied to immunoprecipitation assays as
described previously {21]. Mouse monoclonal antibodies (mAbs) to
BMPR-II (clone 18; Becton Dickinson, San Jose, CA, USA) and
FLAG (clone M2; Sigma-Aldrich, St Louis, MO, USA) were used
as positive controls for BMPR-II-FLAG, and rat anti-HA mAb
(clone 3F10; Roche Applied Science, Mannheim, Germany) was
used as a positive control for ALK-1-HA. Mouse anti-His mAb
{(Amersham Biosciences) was used as a negative control. The
immunoprecipitated materials were separated on sodium dodecyl
sulphate (SDS)-6% (for BMPR-II-FLAG) or 8.5% (for ALK-1-

HA) polyacrylamide gels, and subjected to autoradiography using
a Fuji BAS 5000 Bio-lmaging Analyzer {Fuji Photo Film, Tokyo,
Japan).

Immunoprecipitation and immunoblotting using
recombinant BMPR-1I as an antigen

Anti-BMPR-II antibodies were detected using a recombinant
chimeric protein consisting of the extracellular domain of human
BMPR-II and the histidine-tagged Fc region of human TgGl
(BMPR-II/F¢ chimera; R & D Systems, Minneapolis, MN, USA).
Serum samples (10 1) were incubated with protein A-Sepharose™™
CL-4B beads (Amersham Biosciences) for 2h at room tempera-
ture. Goat anti-BMPR-II polyclonal antibodies (R & D systems)
and anti-His mAb were used as positive controls, and anti-HA
mAb was used as a negative control. The beads were incubated
with BMPR-II/Fc chimera (50 ng) for 2h at 4°C in 10mM Tris—
HCI, 500 mM NacCl, 0.1% Nonidet P-40, pH 8.0, containing 60%
fetal bovine serum to block non-specific protein A binding to the
Fc region of the BMPR-II/Fc chimera. The immunoprecipitated
materials were subsequently separated on SDS-8.5% polyacryl-
amide gels, and transferred to nitrocellulose membranes. The
membranes were blocked with 5% non-fat milk, and incubated
with anti-BMPR-II polyclonal antibodies and then with alkaline
phosphatase-conjugated anti-goat IgG (Sigma-Aldrich). Positive
signals were visualized with nitroblue tetrazolium and 5-bromo-
4-.chloro-3-indolyl phosphate.

Indirect immunofluorescence of cultured cells
expressing exogenous genes

COS-7 cells grown on fibronectin-coated eight-well chamber slides
(Becton Dickinson Labware, Bedford, MA, USA) were transfected
with plasmids harbouring BMPRII-FLAG or ALK-1-HA, using
the Effectene transfection reagent (Qiagen, Hilden, Germany).
COS-7 cells transfected with the empty vector were used as a
control. After a 24-h culture in Dulbecco’s modified Eagle's
medium containing 10% fetal bovine serum, the cells were fixed
with cold acetone/methanol for 5min. Each slide was blocked with
5% BSA, and incubated with purified IgG (40 pg/ml) and then
with Alexa Fluor 488-conjugated goat anti-human IgG antibodies
(Molecular Probes, Eugene, OR, USA). The cells were further
incubated with biotinylated anti-FLAG mAb and streptavidin-
conjugated Alexa Fluor 568 (for BMPR-II transfectants) or anti-
HA mAb and Alexa Fluor 568-conjugated goat anti-rat IgG
antibody (for ALK-1 transfectants). Anti-BMPRII mAb with
Alexa Fluor 488-conjugated goat anti-mouse [gG antibodies were
used as a positive control for BMPR-II transfectants. Nuclei were
counterstained with TO-PRO-3 (Molecular Probes). The cells
were observed under a confocal laser fluorescent microscope
(LSM5 PASCAL; Carl-Zeiss, Géttingen, Germany).

Results

Of 37 patients with MCTD, 15 and two had definite and
questionable PAH, respectively, while 20 did not have PAH.
There was no difference in the distribution of clinical diagnosis
between patients with PAH and those without. Nine of 15 patients
with definite PAH died within 3yr after the serum sample
collection. Autopsy in seven patients reveaied a typical medial
hypertrophy with or without plexiform lesions in pulmonary
arteries. Of the remaining six patients, five are being treated with
epoprostenol and one is on bosentan.

Sera from 37 MCTD patients with and without PAH, six
patients with IPAH and 30 healthy controls were screened for
antibodies to BMPR-II and ALK-1 by immunoprecipitation
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Fic. 1. Screening of anti-BMPR.II and anti-ALK-l autoanti-
bodies in representative sera from healthy controls and MCTD
patients with or without PAH. (A) Detection of anti-BMPR-II
antibedies using immunoprecipitation of 358 labelled BMPR-1I-
FLAG generated by in vitro transcription/translation. Lane I,
4C labelled molecular weight markers; lane 2, recombinant
BMPR-II-FLAG without immunoprecipitation; lane 3, anti-
BMPR-II mAb; lane 4, anti-FLAG mAb,; lanes 5 and 6, healthy
control sera; lanes 7-11, sera from MCTD patients with definite
PAH: lanes 12-15, sera from MCTD patients without PAH.
Arrow denotes intact recombinant BMPR-II-FLAG. (B)
Detection of anti-ALK-1 antibodies using immunoprecipitation
of *°S-labelled ALK-1-HA generated by in vitro transcription/
translation. Lane 1, "*C-labelled molecular weight markers; lane
2, recombinant ALK-1-HA without immunoprecipitation; lane 3,
anti-HA mAb; lane 4, anti-His mAb; lanes 5 and 6, healthy
control sera; lanes 7-11, sera from MCTD patients with definite
PAH; lanes 12-15, sera from MCTD patients without PAH.
Arrow denotes intact recombinant ALK-1-HA. (C) Detection of
anti-BMPR-II antibodies by immunoprecipitation and immuno-
blotting using a recombinant BMPR-II/Fc¢ chimera. Lane 1,
molecular weight markers; lane 2, BMPR-II/Fc chimera without
immunoprecipitation; lane 3, anti-BMPR-II polyclonal anti-
bodies; lane 4, anti-His mAb; lane 5, anti-HA mAb; lanes 6 and
7, healthy control sera; lanes 8-12, sera from MCTD patients
with definite PAH; lanes 13-15, sera from MCTD patients
without PAH. Arrow denotes recombinant BMPR-II/Fc chimera
and arrowheads denote non-specific IgG bands.
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of **$-labelled BMPR-I1I-FLAG and ALK-1-HA, respectively. -
As shown in Fig. |A, BMPR-II-FLAG produced by in vitro
transcription and translation represented a 135-kDa intact protein
with several degradation products. These proteins were immuno-
precipitated by anti-BMPR-II and anti-FLAG mAbs, but recog-
nized by none of the MCTD sera, IPAH sera or by 30 healthy
control sera. A 55-kDa ALK-1-HA protein generated by in vitro
transcription/translation was specifically precipitated by the anti-
HA mAb (Fig. IB). Like the BMPR-II-FLAG, ALK-1-HA was
not recognized by any of the MCTD, IPAH eor healthy control
sera. Anti-BMPR-II or anti-A[LK-1 antibodies were not detected
when the amount of serum or antigens applied was increased to
two-fold in all the MCTD samples.

Anti-BMPR-I1 autoantibodies were screened in an additional
assay using BMPR-I[/Fc chimera as an antigen. As shown in
Fig. 1C, immunoprecipitation in the presence of an excess of
bovine IgG successfully suppressed non-specific protein A binding
to the Fc region of the chimeric protein. The BMPR-II/Fc chimera
was recognized by anti-BMPR-II polyclonal antibodies and anti-
His mAb, but not by an irrelevant anti-HA mAb. None of the sera
from the 37 MCTD patients or 10 healthy controls reacted with the
BMPR-1I/Fc¢ chimera in this assay system.

Because BMPR-II and ALK-! are transmembrane proteins,
recontbinant proteins produced in the cell-free systems may have
a conformation different from that of the membrane-bound
native form. To evaluate antibody binding to membrane-bound
BMPR-II and ALK-1, COS-7 cells were induced to transiently
express BMPR-II-FLAG or ALK-1-HA by gene transfer, and
subjected to an indirect immunofluorescence assay (Fig. 2). Atleast
10% of the treated cells constantly expressed BMPR-II-FLAG, as
assessed by positive staining with anti-BMPR-II (green) and anti-
FLAG (red) mAbs. Both mAbs stained principally the same
portions of the cell membrane and cytoplasm (vellow). Anti-
BMPR-II and anti-FLAG mAbs did not stain cells transfected
with a control vector without the cDNA insert. To detect anti-
BMPR-II antibodies in MCTD sera, IgG purified from serum
samples was used instead of anti-BMPR-II mAb. Figure 2A shows
representative results obtained from MCTD sera and a healthy
control serum. Both MCTD sera stained nuclei, and one serum
additionally stained the cytoplasm of all the cultured cells, but the
staining pattern was clearly different from that produced by the
anti-FLAG mAb. No staining pattern comparable to that
produced by the anti-FLAG mAb was detected in additional
1gG samples from four MCTD patients, including three with
definite PAH, or from two healthy controls. Similarly, anti-HA
mADb specifically stained the cellular membrane and cytoplasm of
cells that were induced to express ALK-1-HA (red), but none of the
IgG samples purified from the MCTD patients or the healthy
controls produced the staining pattern we observed with the anti-
HA mAb (Fig. 2B).

Discussion

This is the first report examining the autoantibody response to
BMPR-II or ALK-1 in patients with connective tissue disease
complicated by PAH and in IPAH patients. Contrary to our
expectations, we failed to detect [gG autoantibodies that reacted
with BMPR-II or ALK-! in sera from MCTD patients, irrespec-
tive of the presence or absence of PAH. Since the recombinant
antigens used in our assays are predicted to have a native con-
formation, our findings indicate a lack of circulating IgG
antibodies capable of binding to BMPR-IT or ALK-1 expressed
on the endothelium. However, there is no human control serum
positive for anti-BMPR-II or anti-ALK-l antibedy, aithough
non-human antibodies to human BMPR-II or tags expressed on
the recombinant proteins were used as positive controls in the
assays. The possibility that our assays were less sensitive in
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F1G 2. Screening of anti-BMPR-II and anti-ALK-1 autoantibodies using indirect immunofluorescence to observed COS-7 cells induced
to express recombinant BMPR-II-FLAG and ALK-1-HA by gene transfer in representative samples from a healthy control, an
MCTD patient with definite PAH, and an MCTD patient without PAH. (A) Fixed BMPR-II-FLAG-transfected cells were incubated
with anti-BMPR-1I mAb or IgG purified from serum samples (green) in combination with anti-FLAG mAb (red). (B) Fixed ALK-1-
HA-transfected celis were incubated with IgG purified from serum samples (green) in combination with rat anti-HA mAb (red). The
cells were examined with a confocal laser fluorescence microscope. Nuclei were counterstained with TO-PRO-3 (blue). Original

magnification, x40.

detecting human autoantibodies cannot be excluded. In additien,
because the endothelium consists of approximately 10'3 endothe-
lial cells, occupying almost 7m? in adults [22], it is still possible
that patients have pathogenic autoantibodies to BMPR-II or
ALK-1 that are present on endothelial cell surfaces but not in
the circulation.

The mutations in the BMPR-II and ALK-]1 genes that were
detected in patients with IPAH included frameshifts, deletions,
nonsense and missense mutations, and splice-site variations, most
of which impaired the proteins’ functional properties or transcrip-
tional activities. This is consistent with 2 model of haploinsuffi-
ciency [23] or a dominant-negative effect [24]. The expression level
of the BMPR.II protein is in fact reduced in the lungs of patients
with severe IPAH, most of whom have an underlying mutation
in the BMPR-II gene [25). Based on these findings, it is widely
accepted that a mutation in the BMPR-I[ and ALK-1 genes
presents a major risk of the loss of TGF-8 family-mediated growth
inhibition of pulmonary arterial endothelial and smooth muscle
cells, which leads to the development of the typical IPAH
plexiform lesions in the pulmonary arteries [9, [0]. Taken together
with the lack of germ-line mutations it the BMPR-II genes of
patients with scleroderma spectrum disorders and PAH [11, 12],
our findings strongly suggest that the underlying mechanisms for
developing PAH are different between patients with connective

tissue diseases and those without. This is supported by a recent
paper reporting that the endothelial cell proliferation in the
plexiform lesions is monoclonal in IPAH and polyclonal in
scleraderma [26]. In this regard, the maintenance of the endothelial
vascular network is regulated by several factors other than TGF-8
superfamily proteins and their signalling pathways, including the
angiopoietin-Tie system [27]. It has been reported recently that the
expression of angiopoietin-1 and the phosphorylation of Tie-2
are higher than normal in the lungs of patients with non-familial
PAH, including IPAH and scleroderma [28]. Further studies are
necessary to identify the mechanisms contributing to the develop-
ment of PAH in patients with connective tissue diseases.

Key messages

« Circulating autoantibodies to BMPR-II
or ALK-1 were undetectable in connec-
tive tissue disease patients irrespective of
the presence or absence of PAH.

Rheumatology
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Binding of B,—glycoprotein I to anionic phospholipids facilitates processing and
presentation of a cryptic epitope that activates pathogenic autoreactive T cells

Masataka Kuwana, Eiji Matsuura, Kazuko Kobayashi, Yuka Okazaki, Junichi Kaburaki, Yasuo Ikeda, and Yutaka Kawakami

Antiphospholipid syndrome (APS) is an
autoimmune prothrombotic disorder In
assoclation with autoantibodies to phos-
pholipld (PL)-binding plasma proteins,
such as Bo-glycoprotein | (B,GPl). We
have recently found that CD4* T cells
autoreactive to B,GPl in patients with
APS preferentially recognize a cryptic
peptide encompassing amino acid resl-
dues 276-290 (p276-290), which contains
the major PL-binding site, in the context
of DR53. However, It is not clear how
previously cryptic p276-290 becomes vis-

Ible to the immune system and ellcits a
pathogenics autoimmune response to
B2GPI. Here we show that presentation of
a disease-relevant cryptic T-cell determi-
nantin 3,GPlis induced as a direct conse-
quence of antigen processing from B,GPI
bound to anionic PL. Dendritic cells or
macrophages pulsed with PL-bound
B2GPl induced a response of p276-290~
specific CD4* T-cell lines generated from
the patients in an HLA-DR-restricted and
antigen-processing-dependent manner
but those with B,GPI or PL alone did not.

In addition, the p276-290-reactive T-cell
response was primed by stimulating pe-
tipheral blood T cells from DR53-carrying
healthy Individuals with dendritic cells
kearing PL-bound 8,GPlin vitro, Our find-
ing Is the first demonstration of an in vitto
mechanism eliciting pathogenic autoreac-
tive T-cell responses to B,GPI and should
be useful In clarifying the pathogenesis
of APS. (Blood, 2005;105:1552-1557)
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Introduction

Antiphospholipid syndrome (APS) is characterized by arterial and
venous thrombosis as well as recurrent intrauterine fetal loss in
association with antiphospholipid antibodies.! 8;~glycoprotein I
{B2GPI), a plasma protein that binds negatively charged substances
including phospholipids (PLs), is the most common target for the
antiphospholipid antibody associated with the clinical features of
APS.? Pathogenicity of the anti-B,GPI antibody has been demon-
strated in animal models, including normal mice imraunized with
human B,GPI? and severe combined immunodeficiency mice into
which peripheral blood lymphocytes from patients with APS were
transferred.* We recently identified autoreactive CD4* T cells to
PGPl that promote anti-B,GPI antibody production in patients
with APS.37 B,GPI-specific CD4* T cells recognize amino acid
residues 276-290 (p276-290), which define the immunodominant
B2GPI peptide, in the context of DRB4*0103 (DR53). This epitope
is located on domain V and contains the major PL-binding site at
amino acids 280-288.% The p276-290-reactive T-cell clones did not
respond 1o functional antigen-presenting cells (APCs) bearing
native $,GPI but did to those bearing chemically reduced B,GPI or
recombinant B,GPI fragments produced in bacteria.® Given that
B2GPI-reactive T cells are also detected in some healthy individu-
als,® the p276-290 epitope defined by B.GPl-specific T cells is
“cryptic,” since it is generated at a subthreshold fevel by the
processing of native B,GPI under normal circumstances.®

There is increasing interest in the possibility that crypticity is an
important characteristic of epitopes recognized by the autoreactive
T cells and thus is relevant to autoimmune pathogenesis.”? T cells
recognizing self-determinants generated in sufficient amounts in
APCs undergo deletion in the thymus or anergy in the periphery.
On the other hand, T cells specific for cryptic self-determinants are
a component of the normal T-cell repertoire but normally do not
encounter antigenic peptides in the periphery. These T cells might
become activated and autoaggressive if the previously eryptic
self-determinants were presented at a higher concentration. This
concept represents the major hypothesis for the pathogenesis of
autoimmune diseases, but the fundamental question is how epitopes
that are normally cryptic become visible to the immune system and
elicit a sustained pathogenic response. In this study, p276-290—
specific T-cell lines generated from patients with APS were used to
investigate the mechanisms that induce the efficient processing and
presentation of cryptic p276-290 as a consequence of antigen
processing.

Patients, materials, and methods

Study subjects

Peripheral blood T cells from 5 Japanese patients with APS were analyzed
in this study. All patients fulfilled the preliminary classification criteria for
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APS proposed by the International Workshop.!! Primary APS was diag-
nosed in 3 of the patients, whereas the remaining 2 had secondary APS
accompanied by systemic lupus erythematosus, At the time of blood
examination, all the patients were on low-dose corticosteroids (<X 10 mg/d)
and aspirin. Samples from 6 healthy individuals possessing DRB4*0103
confirmed by polymerase chain reaction-based genotyping!? were used
in experiments on priming the p276-290-specific T-cell response. All
samples were obtained after the patients and control subjects gave their
written informed consent in accordance with the Declaration of
Helsinki, as approved by the Keio University Institutional Review
Board (Tokyo, Japan).

Antigen preparations

Native B2GPI was purified from normal pooled human plasma as described
elsewhere.'? Nicked and reduced 8,GPI was prepared by treating B2GPI
with plasmin'® and dithiothreitol 3 respectively. Fusion recombinant maltose-
binding proteins {MalBPs) expressed in Escherichia coli included GP.-F
and GP3, which encoded the entire amino acid sequence (amino acids
1-326) and domains IV and V (amino acids 182-326), respectively, of
human B;GP1.3 MalBP, a fusion partner, was also prepared as a control
antigen. GP-F and GP3 lacking MalBP, GP-F/MalBP(—), and GP3/
MalBP(—) were prepared by incubating MalBP fusion proteins with factor
Xa followed by the removal of MalBP and factor Xa by passing the mixture
through amylose resin and benzamidine-Sepharose columns, respectively.
A recombinant polypeptide encoding domain ¥V of $,GPI (amino acids
242-326; rDomain V) was expressed by a Pichia pastoris expression
system.!® Peptides encompassing amino acids 276-290 and 306-320 of
B,GPI (p276-290 and p306-320) were synthesized using a solid-phase
multiple synthesizer (Advanced ChemTech, Louvisville, KY) and purified
by high-performance liquid chromatography. These peptides had potential
DR53-binding anchor residues,'® but the binding capacity to the DR53
molecule was not examined. Capacity of individual antigen preparations to
bind anionic PL was evaluated by competitive inhibition of an interaction
between native B;GPI and immobilized cardiolipin.'® Briefly, cardiolipin-
coated plates were incubated with native B;GP1 in the presence of an excess
amount of individual antigen preparations. The f.GPI-cardiolipin complex
was detected by incubation with a monospecific APS serum positive for a
high titer of anti-B,GPI antibedies.

Preparation of PL liposomes

Dipalmitoylphosphatidylserine (DPPS), phosphatidylserine from bovine
brain (BBPS), and cardiolipin frem bovine heart were purchased from
Sigma Chemical (St Louis, MO); dilauroylphosphatidylserine (DLPS),
dimyristoylphosphatidylserine (DMPS}), dicleoylphosphatidylserine (DOPS),
dioleoylphosphatidylcholine (DOPCY), and monooleoylphosphatidylserine
(MOPS) were from Avanti Polar Lipids (Alabaster, AL); and a lyso form of
BBPS (lyso-BBPS) was from Doosan Serdary Research Laboraiories
(Englewood Cliffs, NJ). All chemicals were of reagent-grade quality. The
fatty acid chains of bovine tissue—derived BBPS and cardiolipin were not
well characterized, but all other PLs were chemically synthesized. Lipo-
somes were prepared principally as described previously,!? with a lipid
composition of DOPC at a molar ratio of 7.3 with the following PLs:
DOPS, DPPS, DLPS. DMPS, MOPS, BBPS, lyso-BBPS, and cardiolipin. A
mixture of the desired lipids in chleroform-methanol (1:1) was placed in a
pear-shaped flask and solvent was removed in a rotary evaporator under
reduced pressure. The dried lipids were dispersed with a vortex mixture in
sterilized 0.3 M glucose solution. The liposome sclutions were then
sonicated for | minute at 76°C with a bath-1ype sonicator and adjusted to }
wmol lipid/mL. These PL liposomes were preincubated with or without
native (3,GPI (100 ppfmL) for 30 minutes at room temperature before
addition to the cultures. The capacity of PLs to bind $,GPI was evatualed
by an assay as described’® with some modifications. Briefly, individual PLs
were coated on microliter plates and subsequently incubated with B,GPI.
The PL-B,GPI complex wus detecied by anti-B.GPI monoclonal antibody
(mAD) Cof-23.'8
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Culture media

All cultures were incubated in RPMI 1640 supplemented with 10%
heat-inactivated fetal bovine serum, 2 mM L-glutamine, 10 mM N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid, 50 U/mL penicillin, and
50 wg/mL streptomycin in a humidified atmosphere of 5% CO, at 37°C.
Before use in culture, the fetal bovine serum was depleted of bovine 8,GPI
using heparin-Sepharose as described previously® to avoid its potential
influence on the generation of the epitope peptide.

The p276-290-specific CD4* T-cell lines

T-cell lines reactive with p276-290 were generated from peripheral blood T
cells by the repeated stimulation with GP-F followed by limiting dilution as
described previously.® A total of 7 CD4* T-cell lines established from
patients with APS were used in this study. Four of them (KS3, OM2, OM7,
and EY3) were confirmed to be clones based on the single functional T-cell
receptor B-chain and were reported in detail previously.5? The clonality of
the remaining 3 lines (OM-b, KY-a, KM-b} was not determined. All the
T-cell lines recognized p276-290 in the context of HLA-DRB4*0103, had
the T-helper O (Th0)/Th] phenotype expressing interferon -y (IFN-y), and
had the capacity to induce anti-B3,GPI antibody production from autologous
B cells. T-cell lines were maintained by repetitive stimulation with GP-F,
recombinant human interleukin 2 (IL-2; 100 U/mL), and irradiated
autologous APCs at 7- to 10-day intervals.

Preparation of APCs

Epstein-Barr virus-transformed lymphoblastoid B-cell line cells (LBLs)
were generated from all patients with APS. Circulating monocytes and B
cells were isolated from peripheral blood mononuclear cells using anti-
CD14 or anti-CD19 mAb-coupled magnetic beads (Miltenyi Biotech,
Bergisch Gladbach, Germany) followed by magnetic-activated cell separa-
tion (MACS) column separation according io the manufacturer's protocol.
Flow cytemetric analysis revealed that purity of monocyte and B-cell
fractions was greater than 98%. Macrophages and immature monoccyte-
derived dendritic cefls (DCs) were obtained from plastic adherent periph-
eral blood mononuclear cells in the presence of macrophage-colony
stimulating factor (R&D Systems, Minneapolis, MN) or granulocyte-
macrophage-colony stimulating factor and IL-4 (PeproTech, Rocky Hill,
NI), respectively, according to previously published methods.!Y Macro-
phages and immature DCs were pulsed with antigen and subsequently
incubated with 30 ng/mL tumor necrosis factor a (TNF-a; PeproTech) for
24 hours to induce activation/maturation before being used in the assays.
Flow cytometric analysis revealed that the activated macrophage fraction
contained greater than 98% CD14*CD80% cells, and the mature DC
fraction contained greater than 95% CDR3*HLA-DR* cells. Allogeneic
splenocytes were obtained from DR33-carrying patients with gastric cancer
who required splenectomy as part of the dissection of tumor tissues.™® In
some experiments, endosomal processing inhibitor chloroquine (0.1 wM;
Sigma Chemical) or brefeldin A (1 jg/mL; Sigma Chemical) was added to
the APC cultures 1 hour before the addition of antigen.

Assays for antigen-specific T-cell response

Antigen-specific proliferation of T-ce!l lines was determined principally as
described previously.® T-cell lines (2 % 10%well) were cultured with
various combinations of irradiated AFCs (2 X 10%well) and antigen. The
APCs were autologous LBLs, monocytes, B cells, monocyte-derived DCs,
macrophages, and allogeneic CD53-carrying splenocytes. Native B.GPl,
nicked B.GPI, reduced B.GPl, GP-F, GP3, GP-F/MalBP(-). GP3/
MalBP(-), rDomain V (10 pg/mL}), and p276-290 (5 pg/mL) were used as
antigens containing amino acids 276-290 of human B,GPI. Contro] antigens
were MalBP (10 pg/mL) and p306-320 (5 pg/mL). PL liposomes that were
preincubated with native BaGPI, GP3/MalBP(-). or rDomain V were used
at a final concentration of 0.1 wmol lipid and 10 pg protein per | ml. A
combination of immobilized anti-CD3 mAb (30 ng/mL) and phytohemag-
glutinin {1 pg/mL) was also used to exclude nonspecific unresponsiveness,
LBLs were irradiated a1 100 Gy and all other APCs w 40 Gy before being
mixed with T-cell lines. After 60 hours of incubation with antigen, 0.5
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pCifwell (0.0185 MBq) [*H]-thymidine was added to the cultures for 16
hours. The cells were then harvested and [*H)-thymidine incorporation was
determined in a Top-Count microplate scintillation counter (Packard,
Meriden, CT). The antigen-induced T-cell response was also evaluated from
the production of TFN-y as described previously.?' In some experiments,
anti=HLA-DR (L243; immunoglobulin G2a [IgG2al), anti-HLA-DQ (1a3;
IgG2a), or an isotype-matched control mAb (1 pg/mL; Leinco Technolo-
gies, Ballwin, MO) were added at the initiation of the cultres. All
experiments were carried out in duplicate or triplicate, and the values are
the mean of multiple determinations.

In vitro priming of T cells responsive to p276-290 with p,GPI-PL
liposome complex

Peripheral blood T cells (2 X 10%) isolated from peripheral blood mononuclear
cells using anti-CD3 mAb-coupled magnetic beads (Miltenyi Biotech) were
cultured with autelogous mature DCs or TNF-ae—stimulated macrophages that
were previously pulsed with a mixrure of BBPS liposomes and $,GPI, BBPS
liposomes, or B:GPI alone. On day 3, IL-2 (30 units/mL) was added to the
cultures. On day 10, viable T cells were harvested and we examined the capacity
to produce IFN-v in response to antigenic stimulation with autologous LBLs
pulsed with MalBP, GP-F, native 8,GPL, p276-290, or p306-320. All culture
experiments were carried out in duplicate, and all values represent the mean of
duplicate determinations. Results were expressed after the background IFN-y
procuction was deducted.

Results

Conditions that induce the expression of p276-290 as a
consequence of antigen processing

Various combinations of antigens and APCs were tested for their
ability to stimulate p276-290-reactive CD4* T-cell lines generated
from patients with APS. In this in vitro assay system, a response of
p276-290-reactive T-cell line can be used as an indicator for the
efficient presentation of p276-290 by APCs as a consequence of
antigen processing. First, various types of DR53-camrying APCs
pulsed with native 8,GPI were examined for their capacity to
stimulate p276-290-reactive T-cell lines. Autologous LBLs, mono-
cytes, B cells, mature DCs, activated macrophages, or allogeneic
splenocytes bearing native B,GPI failed to induce a proliferative
response of the T-cell lines OM7 and KS3 (Figure 1A). Identical
results were obtained using all 7 T-cell lines. Next, autologous
LBLs were pulsed with various forms of ,GPI and cultured with
p276-290-reactive T-cell lines OM7 and KS3 (Figure 1B). A
significant response was detected in the cultures with reduced
B2GPI and recombinant fusion proteins expressed in a bacterial
expression system (GP-F and GP3), as shown in our previous
study.® Interestingly, the capacity of GP-F and GP3 to stimulate
p276-290-reactive T-cell lines was largely reduced when the fusion
partner MalBP was removed from these recombinant fusion
proteins. The addition of MalBP to these cultures did not reverse
the response (data not shown), indicating that MalBP expressed as
a fusion protein played a role in the T-cell response. In contrast,
LBLs pulsed with native and nicked forms of B,GPI or with
rDomain V expressed in the eukaryotic expression system did not
induce the T-cell response. Analogous findings were obtained from
all 7 T-cell lines examined.

None of the individual B,GPI preparations that stimulated
p276-290-reactive T-cell lines were able to bind anionic PL (Figure
1B). Since B,GPI binds anionic PLs mainly through the major
PL-binding site located on a surface-exposed turn,?? we hypoth-
esized that the loss of the binding capacity in the B,GPI prepara-
tions was due to internalization of the major PL-binding site by a
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Figure 1. Response of p276-290-reactive T-cell lines to varlous combinations
of DR§3-positive APCs and B;GPI preparations. {A) Various DR53-positive APCs
were pulsed with or without native BGP| (W and [J, respectively} and subseguently
cocultured with the p276-290-reactive T-cell lines OM7 and KS3. All APCs except
allogensic splenccytes were autologous cells, The antigen-induced T-cell response
was measured by [PH]thymidine incarporation, A O indicates a control T-cell line
stimulated by a combination of anti-CD3 mAb and phytohemagglutinin {PHA).
A rapresentative result from at least 2 independent experiments is shown.
(B) Autologous LBLs were pulsed with various B.GP! preparations and subsequently
cocultured with the p276-290-reactive T-cell fines OM7 and KS3. The antigen-
induced T-celt responsa was measured by [PH]thymidine incorporation. The capacity
to bind RGPl in individual preparations was assessed by inhibition of the interaction
between native B,GPIl and immobilized cardiolipin. Results ara shown as mean and
standard deviation, A representative result from 3 independent experiments is shown.

structural modification and that this feature is important for the
subsequent presentation of p276-290 that occurs as a result of
antigen processing. If this were the case, the f,GPI-PL complex, in
which the major PL-binding site is covered by anionic PL, should
stimulate p276-290-reactive T-cell lines. To test this possibility,
immature DCs and macrophages were pulsed with DOPS lipo-
somes that were preincubated with or without native $,GPI,
induced to mature/activate by TNF-a treatment, and used to stimu-
late the p276-290-reactive T-cell lines KS3 and EY3 (Figure 2).
DCs bearing DOPS-bound 8,GPI induced a T-cell response, as was
observed in those pulsed with GP-F or p276-290, but those bearing
native B,GPI or DOPS liposomes alone did not. In contrast,
macrophages pulsed with DOPS-bound B,GPI were less efficient
in stimulating p276-2%0-reactive T-cell lines. Analogous findings
were obtained from all 7 T-cell lines used in this study.

We tested various PL liposomes for their ability to stimulate the
p276-290-reactive T-cell lines K83, EY3, OM-b, and KM-b in the
presence of B,GPI using DCs as APCs. All p276-290-reactive
T-cell lines proliferated upon recognition of DCs preincubated with
.GPI and liposomes containing DOPS or BBPS (Figure 3A).
There was a borderline response to a mixture of B,GPI and
cardiolipin-containing liposomes, but all other PLs failed to induce
a proliferation imrespective of the presence or absence of B,GPL
When T-cell response was evaluated by IFN-y release in response
to antigenic stimulation, the response of T-cell lines was specifi-
cally induced by liposomes containing DOPS or BBPS and to a
lesser extent by liposomes containing cardiolipin (Figure 3B). All 4
T-cell lines represented similar findings, and the IFN-vy release
assay appeared to be more sensitive than the proliferation assay.
The assay to evaluate capacity of individual PLs to bind B,GPI
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Figure 2. Response of p276-290-reactiva T-cell lines in cultures of B,GPI and
anionle PL, Autologous immature DCs and macrophages were pulsed with native
B,GPI alone, DOPS liposomes, a mixture of native ppGPIl and DOPS liposcmes,
MalBP, or GP-F; induced to maturate or activate; and used to stimulate the
p276-290-reactive T-cell lines K83 and EY3. Synthetic peptides were pulsed with
APCs befora their cocultura with T cells. The antigen-induced T-cell response was
measured by [BH]thymidine incorporation, Results are shown as mean and standard
deviation. A representative result from at least 2 independent experiments is shown.

revealed that DOPS, BBPS, and cardiolipin were able to bind
{3,GPI but the others were not (Figure 3C). These findings indicate
that the capacity of individual PLs to induce a T-cell response was
correlated with their B,GPI-binding capacity. We further tested
whether B,GPI preparations with capacity to bind anionic PL
(GP3/MalBP(—) and rDomain V) that were preincubated with PL
liposomies induced a response of p276-290-reactive T-cell lines
KS3 and EY3. DCs bearing DOPS liposomes preincubated with
GP3MalBP(—) or rDomain V induced a T-cell response, although
these 2 B,GPI preparations alone failed to induce a response.
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Figure 3. Binding of p2GPI to anlonlc PL facilitates the processing and
presentation of p276-290, which activates p276-290-reactive T-cell [ines.
{A) Autologous Immature DCs were pulsed with or without a mixtyre of native B.GPI
and various PL liposomes (B and [, respectively}, induced to mature, and used to
stimulate the p276-290—teactive T-cell line KS3. The antigen-induced T-cell response
was evaluated by [PHjthymidine incomporation. A representative result from 2
independent experimants is shown, (B) Autclogous immature DCs weve pulsed with
of without a mixture of nalive B,GFl and various PL liposcmes (M and [J,
raspactivaly), induced % mature, and used to stimulate the p276-290-reactive T-cell
line KS3, The antigen-induced T-call response was evaluated by IFN-y production. A
representative result from 3 independant experiments is shown. {C) The capacity of
individual PLs to bind B,GPI was evaluated by a sclid-phase assay. A representative
result from 2 independenl experiments s shown. OD indicales optical densiy. (D)
The p276-230-reactive T-cell ine OM-b was cullured with autclogous DCs bearing
DOPS-bound BGP! in the presence or absence of chloroguine, brefeldin A,
anti-HLA-DR mAb, or control mAb. The antigen-induced T-cell respense was
evaluated by IFN-y production. Results are shown as the mean and standard
deviation. A reprasentaliva result from 2 independent experiments is shown.
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Flgure 4. Induction of a T-cell response to p276-290 by BBPS-bound p.GPI in
peripheral blood T cells from DR53* healthy individuals in vitro. (A) Peripheral
bicod T cells from a representative DR53* healthy individua! were stimulated with
DCs pulsed with BBPS-bound B,GPI, BBPS, or B,GP| alone, and the T-cel response
to MalBP, GP-F, native R2GPI, p276-290, or p306-320 was measured by IFN-y
production. A representative result from 2 independent experiments is shown.
{B) T-cell response to p276-290 after priming with autclogous DCs er macrophages
pulsed with BBPS-bound B:GPI, BBPS, or RGPl alone in 6 DR53* healthy
individuals. The p275-290-specific T-cell response was evaluated by IFN-y produc-
tion, The results from each of 6 individuals are indicated by a different symbol,
Results are shown as mean and standard deviation,

In addition, the T-cell response induced by BBPS-bound B,GPI
was completely abolished by the pretreatment of antigen-captured
DCs with chloroquine or brefeldin A, which impair the antigen-
processing pathway (Figure 3D). Moreover, the T-cell response
induced by BBPS-bound B.GPI was completely blocked by an
anti-HLA-DR antibody during the DC-T-cell interaction. These
findings indicate that the response of p276-290-reactive T-cell
lines induced by [(,GPI-PL. complex—pulsed DCs is endosomal
antigen-processing dependent and HLA class I dependent.

Induction of T-cell response to p276-290 by PL-bound .GPl in
peripheral blood T cells from healthy individuals

We further tested whether B,GPI bound to anionic PLs primes a
T-cell response to p276-290 in healthy individuals in vitro. In this
experiment, BBPS was used since liposomes containing this PL
constantly induced a strong response of p276-290-reactive T-cell
lines in the presence of B,yGPL. Peripheral blood T cells from 6
healthy individuals carrying DR53 were stimulated once with
autologous DCs or macrophages pulsed with BEPS-bound B,GPI,
BBPS liposomes, or 3;GPI alone, and the antigen-specific T-cell
response was evaluated by IFN-y production in response to various
antigens, including p276-290. Figure 4A shows representative
results obtained using DCs as APCs. T cells stimulated with
BBPS-bound B.GPl showed profound responses to GP-F and
p276-290, whereas those stimulated with BBPS liposomes or
B.GPI alone did not. Successful priming of p276-290-reactive T
cells was obtained in 5 of 6 individuals when DCs were used as
APCs but detected in only one when macrophages were used
instead {Figure 4B).
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Discussion

The present study demonstrates that the binding of B+GPI to anionic PL
surfaces renders the molecule highly immunogenic by an enhanced
generation of the cryptic T-celt determinant as a direct consequence of
antigen processing in functional APCs. To date, little information has
been obtained about the mechanisms that induce the expression of
cryptic self-peptides and elicit autoimmunity in human autoimmune
diseases. Potential mechanisms that reveal cryptic self-determinants in
APCs include modulation of antigen processing and/or increased
antigen delivery to the processing compartment.!® One possible explana-
tion is that the PL binding physically shields the p276-290 determinant
from proteolytic attack in endocytic compartments. In this regard,
Simitsek et al® reported that antibody binding to the antigen suppresses
the generation of some epitopes and boosts that of others. Remarkably,
both suppressed and boosted epitopes were present within a protein
domain that was “fingerprinted” by the antibody, whereas epitopes that
lay outside this domain were not affected. Based on these findings, they
speculated that the antibody, by binding and stabilizing a protein
domain, might influence the accessibility of the site to proteases during
antigen processing. In addition, processing of the thyroglobulin-
autoantibody complex has been described to promote generation of
cryptic pathogenic peptides in APCs in murine models for autoimmune
thyroid disease.* A similar mechanism can be proposed for the
generation of p276-290 from the processing of PL-bound B,GPIL The
major PL-binding site located on the surface of a B.GPI molecule®?
should be easily accessed by proteases in endocytic compartments
during antigen processing, and therefore, the peptides containing the
intact major PL-binding site would not be generated from native B,GPL
In contrast, the binding of ,GPI to anionic surfaces may protect the
major PL-binding site from protease attack by masking the site, resulting
in the appearance of the previously cryptic peptide containing the entire
major PL-binding site. Anionic PLs on apoptotic bodies and platelet
microparticles were potentially present in our cultures, but p276-290—
reactive T-cell lines did not respond to native B,GPI in the absence of PL
liposomes. The precise reason for this phenomenon is unclear, but
quantity and quality of the lipid vesicles may be important in inducing
the presentation of the previously cryptic p276-290 in APCs.

The capacity of individual PLs to induce a response of the
p276-290-reactive T-cell line was principally correlated with their
B:GPIL-binding capacity. However, B.GPI had a strong binding
affinity to solid-phase cardiolipin, but the cardiolipin-B,GPI com-
plex demonstrated only a weak T-cell stimulatory capacity. B,GPI
interacts with lipid vesicles containing anionic PLs via the PL-
binding patch (ie, a cluster of basic amino acid residues and a
hydrophobic flexible loop in the domain V).22 In contrast to the
B»GPI interaction with solid-phase cardiolipin, binding capacity of
B:GPI to lipid vesicles depends not only on the strength of the
negative charge but also on fluidity of the lipid vesicles. In general,
the membrane fluidity is influenced by length of fatty acid chains,
number of unsaturated double bonds, and/or phase transition
temperature of each lipid composed in liposomes. Therefore, it is
likely that such structural differences also contribute to the
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efficiency to reveal the cryptic epitope containing the intact major
PL-binding site in APCs.

The in vitro priming experiment strongly suggested that an
event inducing the presentation of p276-290 by DCs would activate
B GPlI-reactive CD4* T cells in the normal T-cell repertoire in
genetically susceptible individuals. Therefore, exposure of p276-
290 to the immune system might be a critical step for inducing APS
by triggering the activation of disease-relevant B.GPI-reactive
CD4* T cells. Activated B,GPlI-reactive T cells would subse-
quently stimulate B cells to produce pathogenic anti-B.GPI anti-
body through the expression of CD40 ligand and IL-6, as reported
previously.® Since B,GPl is a plasma protein abundant in the
circulation (~ 200 pg/mL), excessive exposure to anionic sur-
faces, such as microorganisms and apoptotic cells, may induce the
formation of a large quantity of 3,GPI bound to anionic surfaces in
vivo. In this regard, associations between various types of infec-
tions and the production of antiphospholipid antibodies with or
without APS manifestations have been reported,?S and infection is
one of the major precipitating factors contributing to the develop-
ment of catastrophic APS.%¢ Furthermore, an enhanced yield of
cryptic determinants and T-cell stimulatory capacity can be achieved
by highly potent DCs that have specialized mechanisms for antigen
capture and increased expression of HLA class IT and costimulatory
and adhesion molecules. These 2 mechanisms may act synergisti-
cally to elicit the B,GPI-specific T-cell response, but additional
factors, such as impaired regulatory function and nonspecific
inflammation mediated by cytokines and toll-like receptor ligands,
are apparently required to initiate the pathogenic autoimmune
response. Once the T-cell response to p276-290 is primed, the
specific T-cell response could be sustained and amplified by
professional APCs that have taken up the B,GPI complexed with
anionic surfaces that are normally present in a small quantity in
vivo, such as apoptotic cells, platelet microparticles, and oxidized
low-density lipoprotein.?” In addition, this response can be further
boosted by the formation of immune complexes consisting of
anti-B,GPI antibodies and 3,GPI bound to anionic surfaces.

In summary, our finding is the first demonstration of a mechanism
that elicits pathogenic autoreactive T-cell responses in APS. Further
studies examining anionic surfaces that bind to B;GPI and induce the
presentation of the cryptic peptide of B;GPI in vivo would be useful in
clarifying the pathogenesis of APS. In addition, it is likely that
modulation of antigen processing is an inevitable consequence of the
high-affinity binding and influence processing of autoantigens that are
bound by high-affinity ligands. This theory encourages further research
examining the possibility that the unveiling of cryptic self-determinants
by the altered processing of autoantigens complexed with certain
ligands is a major mechanism of the initiation of the autoimmune spiral
in other autoimmune diseases.
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Abstract
A retrospective study was performed to determine the prevalence of Helicobacter pylori (H pylori) infection, the effect of

H pylori eradication on platelet counts, and the characteristic clinical features of chronic immune or idiopathic thrombocy-
topenic purpura (ITP) with f pylori infection. H pylori infection was found in 300 patients, a group that was significantly older
(P < .005) and had more cases of hyperpiastic megakaryocytes in the bone marrow (P = .01) than patients without H pylori
infection. H pylori eradication therapy was performed in 207 H pylori-positive ITP cases, and the platelet count response was
observed in 63% of the successful eradication group and in 33% of the unsuccessful eradication group (P < .003). In the sue-
cessful group, the complete remission and partial remission rates were 23% and 42 %, respectively, 12 months after eradica-
tion. In the majority of responders, the platelet count response occurred 1 month after erddication therapy, and the increased
platelet count continued without ITP treatment for more than 12 moaths. H pylori eradication therapy was effective even in
refractory cases, which were unresponsive to splenectomy. In conclusion, H pylori infection was involved in most ITP patients
older than 40 years in Japan, and eradication therapy should be the first line of treatment in H pylori-positive ITP patients,
Int J Hematol 2005,81:162-168. doi: 10.1532/1JH97.04146
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however, the immunological platelet destruction mechanism
is accepted in most cases as immune thrombocytopenic pur-
The pathological mechanisms of idiopathic thrombocy-  pura [1-3]. The etiology and mechanism of induction of

topenic purpura (ITP) have not been clearly determined;  immune mechanisms against platelets are unknown.
In 1998, Gasbarrini et al reported that in ITP cases with

Helicobacter pylori (H pylori) infection, the platelet count

1. Introduction

Correspondence and reprint requests: Kingo Fujimura, MD, was elevated after eradication of this bacterium [4]. That
PhD, Department of Hematology and Oncology, Division of report presented some interesting problems to us. One was
Clinical Pharmacotherapeutics, Program for Applied Biomedicine, whether H pylori infection is involved in the pathological
Graduate School of Biomedical Sciences, Hiroshima University, mechanisms of some cases of immune thrombocytopenia,
1-2-3 Kasumi, Minami-ku, Hiroshima, 734-8551, Japan; 81-82-257- and the other was whether eradication therapy is effective
5295; fax: 81-82-257-5299 (e-mail: fujimura@hiroshima-u.ac.jp). for treatment of ITP cases with [ pylori infection.

162



Eradication of 1 pylori for TP in Japan 163

£ pylori is a gram-negative bacterium that causes pastritis
and is an important risk factor for gastric ulcers, duodenal
ulcers, gastric cancer, and gastric mucosa-associated tym-
phoid tissue (MALT) lymphama [3]. However, recent reports
have suggested that H pylori infection can cause immune
diseases not related to the gastric mucosa, such as chronic
thyroiditis, rheumatoid arthritis, and Sjdgren syndrome
[6-8). Several reports from Italy and Japan appear to con-
firm the effect of H pylori eradication on platelet count in
H pylori-positive ITP cases [9-13]. Therefore H pylori eradi-
cation in H pylori-positive ITP is likely to be an effective ITP
treatment strategy. On the other hand, reports from Spain,
northern Europe, and the United States did not support the
effectiveness of /f pylori eradication in H pylori-positive ITP
[14-16]. The cause of this discrepancy and the mechanisms by
which eradication is effective in ITP patients are not clear.
The questions then are whether specific characteristic back-
grounds are present in H pylori-positive ITP and eradica-
tion-effective ITP cases and whether eradication therapy is
useful for thrombocytopenia.

We designed a nationwide retrospective study in Japan
to answer these questions, to evaluate the incidence of
H pylori-positive ITP cases and the effect of eradication on
platelet count, and to determine whether the eradication
procedure can be included in the standard regimen of ITP
treatment.

2. Materials and Methods
2.1. Fatients

ITP patients older than 18 years who were examined for
H pylori infection in 11 hospitals in Japan from July 2002 to
December 2003 were enrolled in this study. The diagnosis
was made and management provided by a hematologist in
each hospital.

Questionnaires were used to gather the following data:
age, sex, laboratory data for ITP {white blood cell count,
hemoglobin concentration, red blood cell count, platelet
count, bone marrow findings such as megakaryocyte
poiesis expressed as decrease, normal, or increase as found
with marrow smears), bleeding symptoms including all
forms and grades, ITP disease duration, previous and
recent medication for ITF, whether splenectomy had been
performed, laboratory data for diagnosis of H pylori infec-
tion, whether eradication therapy was used, the protocol
used for eradication, the effect of eradication on H pylori
infection, the effect of eradication on platelet count, and
side effects of the eradication procedure. Platelet count
was measured with an automatic blood cell count analyzer
in each hospital.

From the enrolled patients the following groups were
selected for analysis of the involvement of H pylori in ITP:
(1) Platelet counts were monitored for at least 3 months
after eradication therapy, counts being measured every
4 or 8 weeks. (2) To evaluate the eradication effects, the
dose of the ongoing medication was maintained for at least
4 weeks after eradication therapy. (3) After informed con-
sent was obtained, the eradication therapy was selected by
H pylori-positive ITP patients themselves. Approval for the

eradication treatment of ITP was obtained at each hospital
before the start of the study, and informed consent was pro-
vided by all paticnts in each hospital according to the Decla-
ration of Helsinki.

22 Diagnésis and Evaluation of Effectiveness

Diagnosis of ITP was performed according to the diag-
nostic criteria for ITP determined by the Research Commit-
tee for I'TP supported by the Ministry of Health and Welfare
of Japan (1990). The main points were as follows: thrombo-
cytopenia was less than 10 X 10%/uL; no other hematological
abnormalities were present in peripheral blood; whenever
other diseases were suspected bone marrow was examined to
exclude them; no underlying diseases were causing thrombo-
cytopenia; and thrombocytopenia had been present for at
least 6 months.

The hematological response after eradication therapy
was assessed during the final examination in each case, and
the effectiveness was determined by the following criteria:
If the platelet count before eradication therapy was less
than 1 X 10%uL and the platelet count had increased to
more than 3 times the pre-eradication level after eradica-
tion therapy, the case was considered a responder case. If
the initial platelet count was 1 X 10%pL or greater and less
than 3 X 10%uL and the platelet count had increased to
more than 5 X 10%pL after eradication or if the initial
platelet count was 3 X 10* /uL or greater but less than 10 X
10* /uL and the platelet count had increased to greater
than 3 X 10%uL of the pre-eradication level, the case also
was considered to be a responder case. Responder cases
with platelet counts less than 15 X 10* /uL were referred to
as partial remission (PR). Complete remission (CR) was
defined as platelet counts greater than 15 X 10% /uL after
eradication without maintenance therapy Nonresponder
{NR} cases were defined as cases in which the platelet
count did not meet the above criteria after eradication
therapy. -

H pylori infection was diagnosed according to the H pylori
diagnostic guidelines established in 2003 by the Japan Heli-
cobacter pylori Research Association [17]. That is, i pylori
infection was diagnosed when the result of at least 1 or more
of the following 3 tests was positive: serum ff pylori antibody
test, '*C urea breath test (UBT), and detection of H pylori in
gastric mucosa biopsy specimens. Four or more weeks after
eradication treatment, the effect of eradication on H pylori
infection was assessed with the ¥C UBT.

2.3. Analysis

We used a multiple logistic regression model and
extended Poisson regression model on the A pylori data to
examine the effect of background factors on the following
binary response variables: whether the patient had positive
or negative results for f pylori, whether platelet count
increased, and whether eradication was successful. The back-
ground factors considered were sex, age, duration of ITP,
tendency to bleed, platelet count, megakaryocyte count,
treatment of ITP, and whether splenectomy had been per-
formed. For category variables, we used dummy values.
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3. Results

3.1. Patient Numbers and Prevalence of H pylori
Infection

We enrolled 467 patients over 18 months. However, the
following 32 cases were excluded: 6 cases in the CR state of
ITP, 2 cases of acute ITF, 17 cases diagnosed as myelodys-
plastic syndrome or systemic lupus erythematosus, 4 cases of
Evans syndrome, and 3 cases in which results of H pylori
examinations were not adequate. Thus the final total was 435
cases. Previous ITP management of the enrolled cases was as
follows: 70 cases were refractory cases to steroids and
splenectomy. A total of 181 cases were treated with steroids;
48 cases were treated with ascorbate or cepharanthine (plant
alkaloid agent) without steroids; 133 cases were fresh ITP
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Figure 1. A, Age distribution of 435 patients with idiopathic thrombo-
cytopenic purpura ([TP). There are 2 waves in the total number of
patients. The first is patients 21 to 50 years old, and the second is patients
41 years and older. More than 70% of patients are in the second wave.
B, Helicobacter pylori infection—positive rates in each age population of
[TP patients. The H pylori-positive rate increased gradually between the
ages of 41 and more than 71 years. '

cascs or had not been treated, and 3 cases had unknaown pre-
vious management. The age distribution in 435 I'TP cascs
showed 2 peaks. One peak was small in the 31- to 40-year
age group, and the other was large in the 51- to 60-year age
group (Figure 1A}. The average age among the patients was
relatively high, and approximately 70% of the patients in
this study were older than 50 years. The male to female ratio
was 1/2.63. _

UBTs in conjunction with H pylori antibody tests were
performed in 152 cases. The remaining cases were diagnosed
with either a UBT (154 cases) or a H pylori antibody test (92
cases), of a biopsy was performed in addition to 1 of the
other tests (37 cases).

Three hundred cases were diagnosed as H pylori positive
{positive rate, 69%), including the cases of 217 female
patients (68.8% positive in female patients) and those of 83
male patients (69.2% positive in male patients), and 135
cases were found to be H pylori negative, including those of
98 female and 37 male patients. The H pylori-positive rate
did not differ between female and male patients (Table 1).

3.2. Comparison of the Backgrounds between H
pylori-Positive and -Negative Groups

As shown in Table 1, there was no difference in sex ratio
between the groups. The mean age of the H pylori-positive
patient group (58.92 = 13.76 years} was significantly higher
than that of the H pylori-negative patient group (47.36 %

Table 1.
Initial Background Factors of Helicobacter pylori-Positive and

-Negative Groups

H pylori Positive  H pylori Negative

No. of cases 300 135

Male/female ratio 1726 1/2.65 -
Mean age, y* 58.92 » 13.76 47.36 * 15.87
Disease period, y 8.18 * 6.80 874+ 723

Bleeding tendency

+ 161 (54.8%) 85 (64.9%)
- ) 133 (45.2%) 46 (35.1%)
Unknown [ 4
Initial platelet count
5-10 x 10* 61 (21.7%) 24 (18.6%)
3-5 x 10¢ 76 (26.3%) 25(19.4%)
1-3 x 10¢ 115 (39.8%) 53 (41.1%)
<1 37¢(12.8%) 27 (20.9%)
Unknown 11 6
Bone marrow megakaryocytes .
Increasedt 140 (54.9%) 51 (44.7%)
Normal 110 (43.1%) 59 (51.8%)
Decreased 5(2.0%) 4 (3.5%)
Unknown 5 21
Treatment before eradication
No treatment x| 42
Steroid treatment 122 59
Other treatment 40 8
Splenectomy 45 25
Unknown 2 1

*P < .005 (odds ratio, 1.72/10 y).
tP = 011 {odds ratio, 2.03).



Table 2,
Eradication Effects on Platelet Response”

Helicobacter pylori-negative ITP cases, n 135 (31%)

H pylori-positive ITP cases, n 300 {69%}
Eradication cases, n° 228

161 (78%)

101 {63%)

Eradication successful group, n
Platelet count { Response cases,

Nonrespanse cases, n &0
Eradication unsuccessful group. n 46 (22%) v
o,
Platelet count Response cases, n 15 (33%)
Nenresporise cases, n 3
Unknown cases, n 19
Previous treatment unknown cases, n 2
Noeneradication cases, n 72

*ITP indicates idiopathic thrombocytopenic purpura.
1P < 005 (odds ratio, 4.45).

15.87 years). The estimated regression coefficients were 0.054
(P < .005), and the odds ratio was 1.72 (per 10 years). The
durations of ITP in the H pylori-positive and -negative
patient groups were 8.18 = 6.80 and 8.74 * 723 years,
respectively, and were not significantly different. The clini-
cal features and laboratory findings at diagnosis of ITP
showed that there were trends among the patients with
fewer bleeding events (55% versus 65%) and that there
were fewer platelet counts less than 1 X 10%/pL (13% versus
21%) in H pylori-positive ITP cases than in H pylori-nega-
tive cases, but the estimated regression coefficient and odds
ratio were not significant. However, in the I pylori-positive
group there were significantly more cases of hyperplastic
megakaryocytes in the bone marrow, an estimated regression
coefficient of P = .01 and odds ratio of 2.03. The cases of ITP
that had not been treated, had been treated with steroids, or
had been treated with splenectomy before enrollment did
not differ significantly, but more patients in the H pylori-pos-
itive group received other treatment during [TP (Table 1).

3.3. Age Distribution in H pylori~Positive and
—-Negative ITF Cases

The rate of positive results for H pylori infection in this
study increased with age (Figure 1B). H pylori—positive ITP
was found more frequently in patients older than 4] years;
that is, 55% of the patients in the 41-year age group had pos-
itive results. This rate increased to 73% in 51-year-old patients
and to more than 80% in the group older than 6] years.

Most H pylori-negative ITP cases were found in patients
younger than 50 years. The peak of negative cases was found
in the 21- to 40-year age group. No difference between male
and female patients in H pylori~positive rate was found in

any age group.

3.4. Use of Eradication Treatment in H pylori-Positive
ITP Cases

As shown in Table 2, 228 (76%) of 300 H pylori-positive
ITP patients consented to eradication treatment, and treat-
ment was performed. The standard eradication regimen in
Japan (lansoprazole 60 mg/d, clarithromycin 400 mg/d, and
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amoxicillin 1300 mg/d, taken together twice a day for 7 days)
was selected in most cases. Twenty-one cases were excluded
after analysis because the eradication effect was not evalu-
ated or because previous [TP treatments were unclear. Erad-
ication of £ pylori infection succeeded in 161 (78%) of 207
cases. The success rate did not differ between male (success
rate, 78.8%) and female (success rate, 77.2%) paticnts or
between age groups.

The initial [TP treatment regimen or treatment immedi-
ately before eradication by steroids or other immunosup-
pressive agents had no significant influence on the success
rate of the eradication treatment.

3.5. Eradication Effects of H pylori Infection on
Platelet Count

A significant increase in platelet count at the final obser-
vation was found in 101 (63%) of the 161 cases in which
eradication of H pylori was successful and in 15 (33%) of the
46 cases in which eradication was not successful. These find-
ings showed that the increase in platelet count correlated
with successful eradication treatment of H pylori-positive
ITP cases with an estimated regression coefficient of P < .005
and an odds ratio of 4.45 (Table 2).

The background characteristics of the increased platelet
and NR groups with successful eradication treatment were
compared (Table 3). The shorter duration of ITP (6.52 + 4.67
years versus 9.85 *+ 7.77 years) in the increased platelet group
was significant with an estimated regression coefficient of P <
005 and an odds ratio of 0.34 (per 10 years), but age did not
influence the platelet count response after eradication. The
results of platelet count recovery were not affected by platelet
count immediately prior to eradication or by ITP treatment
before eradication whether or not eradication was successful.

3.6. Follow-up Study

Overall, 155 {75%) of all eradicated ITP cases were fol-
lowed up for 12 months after eradication, 42 (20%) of the
cases for 6 months, and 10 (5%) of the cases for 3 months.

The platelet count responses at 12 months after successful
eradication (122 cases) were as follows (Table 4): 28 (23%) of

Table 3.
Backgrounds of the Platelet Count Respanse Group and the
Nonresponse Group in Eradication-Effective Cases®

Platelet Count

Respense Nonresponse
No. of cases 101 60
Male/female ratio 37/64 (0.58) 15/45 (0.33)
ITP duration, yt 6.52 * 467 985777
Mean age, y 5870 126 56.73 % 14.31
Mean platelet count immediately 401 %222 5.18 * 5.68

before eradication, X 10
Treated ITP ¢ases immediately
before eradication, n

*ITP indicates idiopathic thrombocytopenic purpura.
tP < 005 {odds ratio, 0.34/10 years).

52 (50.5%) 27 (45.0%)
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Table 4.

Platelet Count Response 12 Months after Eradication Therapy”

Platelet Count Immediately before Eradication, x 10* Complete Remission Partial Remission No Response Totat

Eradication successful group, n = 122 cases
<1 ' 0 2 (67) 1033} 3
1-3 B Q20 23 (58) 9 (23) 40
3.5 & (21) 16 (42) 14 (37) 38
5-10 12 (29 10 (24) 19 (46} 41
Tota! 28 (23} 51 (42) 43 (35) 122

Eradication unsuccessful group, n = 33 cases
<1 0 0 2 (100) 2
1-3 1011} 1T(11) 7 (78) 9
3-5 1(7) 320 10 (71} 14
5-10 333 0 5(63) 8
Total 5(15) 4{12) 24 (73) 33

*Values in parentheses are percentages.

the cases were in CR, 51 (42%) of the cases were in PR, and
43 of the cases were NR. In all, 79 (65%) of the cases showed
a response in platelet count (Table 4). In most of the PR
cases in which platelet count increased to more than § X
10%pL, ITP treatment was discontinued after eradication.
The cases in which platelet counts were less than 1 X 10%pL
just before eradication did not show an increase in platelet
count above 5 X 10%uL at 12 months after eradication,
although the platelet count had increased to at least 3 times
the initial count and the tendency toward bleeding had dis-
appeared in 2 cases {Figure 2A).

We used the extended Poisson regression mode! to ana-
lyze the relation between the previous ITP treatment or
platelet count immediately prior to eradication and the
platelet count response after eradication. At 12 months the
relation between platelet count before eradication and the
effect of platelet count response on CR and PR rate after
eradication was not significant (Table 4). The PR and CR
rates tended to be higher in the nontreatment (40 cases) and
the steroid treatment groups (52 cases) before eradication
than in the splenectomy (12 cases) or other treatment groups
(18 cases); however, there were no significant differences
between these groups (Table 5).

In the group in which eradication was not successful (33
cases), 5 cases were in CR (15%), 4 cases were in the increased
platelet response group (PR, 12%), and 24 cases were NR
(Tables 4 and 5). The 9 responder cases were previously diag-
nosed as H pylori infection by UBT or UBT plus stomach
biopsy. In all, the response rate in this group was 27% at 12
months after eradication. The clinical course of platelet count
in these 9 platelet count response cases is shown in Figure 2B.

Most platelet count response cases showed that the
increase in platelet count occurred 1 month after eradication
and then gradually increased further for 12 months (Fig-
ure 2A). To examine the increase in platelet count for success
status data, we used the paired ¢ test for each neighbor time
point. The increase in platelet count was significant (P < .01)
in every span.

In the NR group, there were 6 cases in which platelet
counts increased transitionally and returned to the baseline
ievel within 6 months, even though eradication had been suc-
cessful. There were no relapse cases after 6 months regard-
less of the success of the eradication treatment.

3.7. Adverse Effects of Eradication Treatment

Adverse effects of eradication treatment were found in 39
(17.6%) of 222 cases. These adverse effects were gastroin-
testinal trouble, such as discomfort at the epigastrium and
diarrhea. Soft stool and rash occurred in 64% and 23%,

A
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Figure 2. Laboratory course of platelet count responders in successful
eradication cases (79 cases) (A) and unsuccessful eradication cases
{9 cases) (B) followed for more than 12 months. The platelet count in
most respander cases began to increase 1 month after eradication and
continued to increase gradually.
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Table 5.

Previous ldiopathic Thrombocytopenic Purpura Treatment and Eradication Effect on Platelet Response 12 Months after Eradication

Platelet Response, n (%)

Treatment Eradication Effect No. of Cases Complete Remission Partial Remission No Response
No treatment Yes 40 11 (28) 16 (40) 13 (33)
No 7 3 (43) 1(14) 3(43)
Steroid treatment Yes 52 12 (23) 24 (46) 16 (31)
No 18 2{11) 3017 13032
Other treatment Yes 18 3{17) 6 (33) 9 (50)
No 5 0 0 5 (100)
Splenectomy Yes 12 2Q17) 5 (42} 5(42)
No 3 o 0 3 (100}
Total Yes 122 28 (23) 51(42) 43 (35
No 33 5(15) 4(12) 24 (73)

respectively, of cases showing adverse effects. These prob-
lems were the main adverse reactions, and except in 1 case in
which the tendency to bleed became more serious, the
patients were able to overcome these events and complete
the eradication schedule.

4. Discussion

The incidence of H pylori infection in the general popula-
tion of Japan is approximately 10% to 40% until 40 years of
age, after which it increases to approximately §0% [18].
Because the incidence of H pylori infection in patients with
ITP does not seem to differ from that in the general popula-
tion of Japan, the incidence of H pylori infection in ITP is not
considered a specific feature of the disease. '

H pylori infection did not influence the severity of the
clinical features of ITP This retrospective study revealed that
the H pylori-positive group had a higher mean age and inci-
dence of hyperplastic bone marrow megakaryocytes, but
there was no evidence to explain the bone marrow findings.

The success rate of H pylori eradication in K pylori-positive
ITP cases was slightly lower than that found in gastric dis-
eases without ITP in Japan. The former was 78%, and the lat-
ter was 82% to 91% [19]. ITP treatment just before H pylori
eradication did not influence this rate. Eradication in
H pylori-positive ITP cases induced a significant increase in
platelet count in the successful eradication group compared
with that of the unsuccessful eradication group.

These findings suggest that /f pylori infection is involved
in the mechanisms of thrombocytopenia in most ITP patients
in Japan who are older than 41 years. However, in the
younger generation, other, unknown factors must be
involved in the development of ITP.

Approximately 33% of the eradication failure group had
an increase in platelet count. Although it is difficult to explain
this response, a possibility is the occurrence of false-positive
results of the *C UBT, because an insufficient period of time
had passed to allow for an accurate result, or from inadequacy
in the PC UBT itself The other possibility is that reduction of
H pylori organisms shuts down the circuit of platelet immu-
nity or that another, unknown mechanism is at work [20,21].

The management of ITP initially or immediately prior to
eradication treatment did not influence the increase in
platelet count. That is, the platelet response rate in nontreat-

ment groups was higher than in any treatment group, but
there was no significant difference between them. This evi-
dence suggests that refractory ITP cases with H pylori infec-
tion should be eradicated prior to other treatment procedures.

Examination of the clinical course after H pylori eradica-
tion clearly showed that a significant increase in platelets
began 1 month after eradication and gradually continued to
increase to a plateau. This finding suggests that the effect of
eradication therapy on platelet counts can be predicted at an
early stage. Several cases relapsed within 6 months, but in the
remaining cases, platelet counts continued to increase for 12
months, even in the eradication failure group. The low inci-
dence of relapse is one of the benefits of eradication therapy
in H pylori-positive ITP cases.

In some cases, although eradication was successful, NR
cases occurred, Several possibilities may account for this
result. One possibility is that the UBT gave false-negative
results in some cases or that small numbers of organisms
remained after treatment and continued to stimulate an
immune reaction against the platelets, even though the UBT
gave negative results. An alternative is that Hf pylori-false-
positive cases were present. Eleven cases of ff pylori infec-
tion had been detected initially by serum antibody test. The
other possibility is that this organism is not involved in the
thrombocytopenia in some ff pylori-positive ITP cases and
another mechanism is taking place in these thrombocytope-
nia cases, because many other persons with H pylori infec-
tion do not develop thrombocytopenia.

This study confirmed previous reports with large-scale
retrospective analyses. That is, eradication of H pylori is
effective in significantly increasing platelet count, and this
organism is involved in the pathogenesis of some ITP cases
[4,12]. However, the mechanisms of thrombocytopenia that
affect some persons with H pylori infection are unknown.

Several specific proteins derived from H pylori, such as
blood group Ag-binding adhesin, H pylori neutrophil activa-
tion factor, lipopolysaccharide (LPS}, and CagA (cytotoxin-
associated gene A) protein, which is produced by the Cag
pathogenicity island gene, induce colonization of H pylori,
neutrophil infiltration, and cellular immunity. These agents
may be involved in the development of gastritis, gastric ulcer,
and MALT lymphoma [5,22]. However, it is not understood
why localized H pylori infection at the gastric mucosa devel-
ops into immune thrombocytopenia in some cases.
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The products derived from microorganisms such as LIS,
bacterial DNA, and viruses are able to act as adjuvants and
induce immune reactions to unrelated antigens [23]. Whether
this phenomenon is due to the ability of the organisms to
activate innate immunity and induce lymphacyle response in
a nonspecific way, by molecular mimicking, or both has not
been resolved. It recently was reported that platelet eluates
from H pylori-positive ITP cases reacted with CagA protein
[24]. This evidence seems to support the motecular mimick-
ing mechanism in ITP development with H pylori infection.
However, further investigations are required to confirm this
hypothesis.

Although many persons in the world have H pylori infec-
tion, only a very small proportion develop thrombocytope-
nia. This discrepancy can be explained, as a working hypoth-
esis, by the multiplicity of infective H pylori strains, diversity
of host immune responses, differences in the age of infected
persons, and environmental factors. In addition, genetic
effects are likely to play a significant role in the development
of thrombocytopenia [25,26).

Taken together, H pylori infections were involved in most
thrombocytopenic patients older than 40 years in Japan. In
addition, eradication therapy proved to be significantly effec-
tive in increasing platelet count in cases of short duration of
ITP, and this effect was found even in cases in which splenec-
tomy was not effective. The increase occurred soon after erad-
ication and continued for a long period without ITP treatment
in many cases, preventing bleeding events and improving the
quality of life in more than 60% of H pylori-positive I'TP
patients. From these results, it is highly recommended that
eradication therapy be used as a first line of treatment in
H pylori-positive ITP cases because the treatment schedule is
economical and patients are not subject to adverse effects such
as those of steroid and other immunosuppressive therapies.
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Abstract
Idiopathic thrombocytopenic purpura (ITP} is an autoimmune disease mediated by antiplatelet autoantibodies. The major tar-

get of these autoantibodies is a platelet membrane glycoprotein, GPIIb-I11a, which is a receptor for fibrinogen and other ligands.
We recently identified CD4* T-cells autoreactive to GPIIb-1Ila in ITP patients. These T-cells are considered pathogenic because
they help B-cells produce antibodies that bind to normal platelet surfaces. GPIlb-Illa-reactive T-cells respond to chemically
reduced and tryptic peptides of GPIIb-IITa but not to native GPIIb-1lla, indicating that the epitopes they recognize are “cryptic”
determinants generated at a subthreshold level by the processing of native GPIIb-1IIa under normal circumstances. Although
GPIib-Tla-reactive T-cells are also detected in healthy individuals, they are activated in vivo only in I'TP patients. Activation of
GPlIb-lla-specific T-cells and the subsequent production of pathogenic anti-GPIIb-1lla antibodies can be induced by functional
antigen-presenting cells in the spleen that present cryptic GPIIb-Il1a peptides to these T-cells. The pathogenic process of ITP can
be explained as a continuous loop in which B-cells produce antiplatelet autoantibodies, splenic macrophages phagocytose anti-
body-coated platelets and present GPIIb-I1la-derived cryptic peptides, and GPIIb-IIla-reactive CD4* T-cells exert their helper
activity. Further studies examining the mechanisms that induce the processing and presentation of cryptic peptides derived from
the platelet antigen at disease onset will clarify how the pathogenic autoantibody response in ITP is initiated.
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1. Introduction CD61, which is a calcium-dependent heterodimeric mem-
brane receptor for fibrinogen and other ligands.
Idiopathic thrombocytopenic purpura (ITP} is an autoim- It is now evident that autoantibody production by B-cells

mune -disease characterized by increased platelet clearance  requires autoantigen-specific T-cell help. T-cells that react
caused by antiplatelet autoantibodies {1]. These antibodies  with autoantigens targeted by autoantibodies have been
bind to circulating platelets, resulting in Foy receptor-mediated  identified in patients with various systemic or organ-specific

platelet destruction by the reticuloendothelial system [1].  autoimmune diseases. These autoantigen-specific T-cells
The major targets of the antiplatelet autoantibodies are  almost always have a CD4* helper phenotype. Previous stud-
platelet membrane glycoproteins, including GPIIb-IITa,  ies in patients with lupus nephritis and antiphospholipid syn-

GPIb-IX, GPla-Ila, and GPIV [2]. Although results vary  drome (APS) showed that autoreactive T-cells selectively
among studies, the most common targets in ITP patients are  provide help to autoaatibody-preducing B-cells [6,7]. Circu-
GPIIb-Il1a [3-5], also designated oy,B, integrin, and CD41/  lating or platelet-associated anti-GPIIb-IIla antibodies in
ITP patients have been shown to be mainly of the immuno-
globulin G (IgG) isotype [3] and to recognize multiple epi-
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