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~ unless any members of your groups are included in the “ef al’*, you
must fax/email us a letter of permission from this group — or delcte
from text.) In the second phase, the accumulation of GPI and anti-GPI
may reflect deposils of the complexes circulating in serum: the
increased vascular permeability now allows better entry of complexes
and, by then, all circulating GPI is complexed by the large excess of
antibodies present. (AUTHOR - rephrasing in last para OK?)

RA is a multifaceted disease and the model described here certainly
represents a simplification of the mechanisms that could contribute to the
variety of arthritic conditions in humans. Additional pathways and mech-
anisms, such as secondary immune responses 1o joint siructures or indi-
rect consequences of the synovial hyperprohferation, must contribute to
the complex events of established RA. The model proposed above also
has many conceptual precedents, in particular in the ideas of immune
complex pathology that were prevalent in the early 19705, In essence,
this view of arthritis is a form of type III hypersensitivity (Arthus) reac-
tion, which is localized 1o the joint. In focusing atiention on specific mol-
ecules and effector pathways, the K/BxN mouse does, however, provide
a focal point around which to synthesize this view of the early stages of
-arthritogenesis. {AUTHOR - rephrasing in last para OK?)

Finally, the serum GPI concentrations followed an vnexpected pat-

* temn: they dropped markedly during the first weeks of age. This may
reflect a fetal or early neonatal celiular release of the enzyme, perhaps
related to the extensive tissue proliferation and growth that occurs dur-
ing this period or to feto-maternal interactions. In any case, the pattemn
likely explains the develepment of T cell tolerance observed in K/BxN
mice’. 1t was complete during the first weeks of age, showed strong
clonal deletion in the thymus and was less siringent later on, so that
clonotype-positive reactive cells matured in the peripheral organs and
were only partially anergized. It will be important to determine whether
this-pattern is involved in establishing imperfect tolerance and is a gen-
eral feature of self-antigens that are involved in certain forms of arthri-
tis. (AUTHOR - rephrasing in last para OK?)

The KRN model of arthritis, although very different in its immuno-
logical phase, dovetails with the classical arthritis model induced by
collagen Il immunization, in which Tg:binds 10 the cartilage surface.
This shows how different pathogenic mechanisms and auteimmune tar-
gets may converge to a common effector pathway in human arthritic
diseases. (AUTHOR - rephrasing in last para OK?)

Methods

Mlice and arthritis, K/BxN TCR-Tg mice were as described’. They were mainiained by
serial ¢rossing onto the BI0.BR genetic background and, 35 such, weré asymplomatic,
Anbritic offspring were produced by erossing 1o the NOD/LL strain, Recombinalion-acii-
valing gene b—deficient mice were a gifi of F. Alt (Children’s Hospital, Bostan). Bé mice
were from the Jackson Laboratory (Bar Harbor, ME). Anhrilis was spontaneous in K/BxN
mice or was induced in normal inbred mice by injeciion of 2x150 pl of K/BxN serum. For
Iraclionation, X/BxN and contral BxN sera (2-1 ml) were separaled by size-eaclusion chro-
matography witk 3 Superdex 200 column (Amersham Pharmacia Biotech, Piscataway, NJ).
Fraciions (4 ml} were colleeied, poeled and concentrated before ELISA analysis of injec.
tion inte mice. (AUTHOR -~ rephrasing OK?)

RNA analysis. RNA was prepared from kidney tissue by a modified LiCl-Urea lechnigue™.
Afer digseciion of ankles (sectioned at the long bones of 1he lower leg and in 1he melatarsal
area). the skin and superficial tendons were removed and the remaining tissue was
immersed in | ml of RNA solubilization solulion {withowt LiClL Articular cavilies were
opened with o scalpel and were dissecied in the medium 10 release the cellular contents.
Concenirated LiCl solution (6 M LiClL, 6 M urea and 10 mM Na acetate a1 pH 5) was then
sdded to precipitaic the RNA. ¢cDNA was synthesized from these RNAZ by MulV reverse
Iranscriptase {Gibco-BRL, Geitysburg, PA).

Ta search for aliemative forms within the coding region, PCR primers werc used lo
amplify 1he coding scquence (Fig. 1a, pair 1 all primer sequences available on request
AUTHOR = you must provide the actual sequences, pls email them to us as 2 Word
doc. This is & conditlon of publicalion - Editor), the producis were cloned ino PCR2.)
veclor and three independent plasmicds were d (ABI 373A (AUTHOR —is this a

5 noture immunsiogy +  volume J Ao 4

Genbank #7 If yes, please specify what this ¥ relates to)) with iniernal primers (Fig. 1a).
For RACE analysis of mRNA termini, the protocol was as deseribed®. For the 3° end, the
mRNA was reverse-lranseribed with a dT-adapior primer (R3°). A 10 pl aliquot was used
for 40 cycles of PCR (at the same temperalures used above AUTHOR - above where?)
with the adapior primer and sense primer R3. The reaction producis were separated by
agarose pel electrophoresis, blotied and delecied with a labeled PCR product that covered
the 3 end of 1he GPI toding region. These RACE products were also sequenced. For guan-
tilative real-lime analysis, PCR was done on a TagMan PRISM 7700 instrument {PE
Applied Biosysiems, Foster City, CA), and dala was anaty2ed with the instrument sofiware.
Amplification was done in triphicate in 96-well plaes wsing intron-spanning specific
primers and the antisense Mueregenic probe labeled with a 5° 6-carbexy-fluoroscein (FAM)
reporter dye und a 3’ 6-carboxy-tctramethyl-rhodamine (TAMRA} quencher (sense primer
5-AGATCAACTACACCGAGGATCG-3; anlisense primer 5~ACATCTTTGCCGTC-
CACCTT-3" probe 5-FAM-TGGCCCTTCGGAACCGGTCC-TAMRA-3). A cyclo-
philin primer combination was used as a standard. (AUTHOR - rephrasing OK?)

Immunoblot and pretein analysis. For immuncbloiting, ankles and kidney (two of each)
were minced and 1he conlenis eatracted in 500 pl of lysis solution (50 mM Tris-HCl a1 pH
14,5 mM MgCl,, 0.5% NP40 and 2 mM PMSF). Whole lysate (15 pg) was separaled by
PAGE and bloned into PYDF membranes (Bio-Rad, Hercules, CA). Afer ?]Iockjng with 5% A
milk in PBS, K/BaN serum (1/1000) or mouse anti-actin (S:gma, St. Louis, MO) was used
as @ probe, Bound antibody was detccted with horseradish perosidase (HRP)-conjugared
goal anti-mouse IgG ¢Jackson bnmunoResearch, West Grove, PA} using o Super-Signal kil
(Pierce. Rockford, IL) ard chemilumingscence was imaged quantitatively. For 2D
immunobloiling, kldney or ankle extracts (0 pg) or a 1/1 mixiure were diluted in Sample *
buffer (40 pl, 9.5 M urea. 3% NP40, 2% ampholincs at pH 3.5<1) and 5% B-mer-
captethanol) and wers loaded onio a firsi-dimension tube gel (9.5 M urea, 3.35% acry-
lamide, 2% NP40 and 2% ampholines al. pH 3.5-10). Afier elecwophoresis, the tube gels
were loaded onto a 10% acrylamide slab gel and GPI was detecled as sbove. (AUTHOR —
rephrasing 0](1)

Immunnhlslolng} For immunohistology, cryosl:ll seciions from ankle joints were prepared
with the lape-caplurc lechnique as deserbed™. Anti-GPJ polyclanal Igs weré alfinity- -puni-

fied from K/BxN serum as deseribed*; protein G-purificd [gG Trom normal BxN mice was
used as a control. Jgs were conjugated to FITC (Fluorescein-EX, Molecular Probes, Eugene,
OR} according 1o the manufaclurer’s instructions. Other reagents were Texas red-conjugar.
ed anti-mouse 1gG (Jackson), and FITC-conjugated goat anli C3(ICNB dicals,
Cosla Mesa, CA). Afier Blocking with 2% bovine serum albumin and 0.04% Tween in PBS,
the seclions were stained with anti-GPI or control 1g (500 ng/section). Nuclei were coun-
terslained with DAPE (50 ng/seciion, Molecular Probes). Fluorescence was detected on a
conventional Zeiss Axioplan2 micrescope or by confecal microscopy (LSM 41C confocal
microscape, with 364, 488 or 568 nm excilation, Zeiss, Thomwood, NY). Images were
acquired and processed digitally (Photoshop 6.0). (AUTHOR = rephrasing OK?}

ELTSA assays. Annbndms 10 GPl were detecied as described*, To guantifly GP1in serum, a
sandwich ELISA assay was developed with'a recenty isolated GPI mAb (M. M., unpub-
Yished data). Anti-GPL (mAh &.121, 10 pgfmhl) was vsed to ¢oat a microtiter plate, and test
serum (1/] 30} was added and incubated or.2 h a1 rocm iemperature. After washing, biotiny-
lated (Fluoreporter biotin—dinitrephenol, Melecular Probes) polyclonal anti-GPL 1g. which
was affinity-punified from K/BaN seram. was added 10 the plate (175000). The plate was
incubated for 1 k'and was detected with aMophycocyanin: SIrcpla\ldm {Jackson
ImmunoRescarch): all in¢ubations were done 3t room lemptrature, Recombinam mouse
GPI* was used a5 a standard. To delect immune complexes, ELISA plates (Maxisorb, Nonc,
Roskilde, Denmark) were coated with 20 pg/ml of Clq {Sigma) in PBS a1 4 *C overnighi,
blocked with boving s¢rum albumin before incubation with serum dilutions and bound com-
plexes were detecied with phosphalase-toupled anti-mouse 1gG (ackson Tmmuno-
research). (AUTHOR - rephrasing OK?)
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Significance of magnetic resonance imaging in the diagnosis of

nodular regenerative hyperplasia of the liver complicated with

systemic lupus erythematosus: a case report and review of the
literature

T Horita'*, A Tsutsumi'?, T Takeda’, S Yasuda!, R Takeuchi!, Y Amasaki’, K Ichikawa', T Atsumi® and T Koike'
'Departiment of Medicine 11, Hokkaido University School of Medicine, Sappora, Japan; *Division of Rheumatology, Department of Internal Medicine,
Institute of Clinical Medicine, University of Tsukuba, Tsukuba, Japan; and 3Dczpartmcnt of Medicine I11, Obihiro Kousei Hospital, Obihiro, Japan

Nodular regenerative hyperplasia of the liver (NRH), characterized by multiple hepatic nodules in
the absence of fibrosis, is a rare but important complication of systemic lupus erythematosus (SLE)
associated with non-cirthotic portal hypertension. The diagnosis of NRH js based on the
pathological examination, and radiological findings of NRH are poorly documented. We report a
case of a 40-year-old woman with SLE complicated with NRH. Sixteen years after diagnosis of
S1LE, esophageal varices were incidentally found and diagnosis of portal hypertension due to NRH
was made by magnetic resonance imaging (MRI) and confirmed by needle liver biopsy. Although
MRI showed the lesions as significant nodules, neither computed temography ner ultrasonography
could demonstrate the nodules. However, serial MRI showed significant enlargement of the nodules
for 2 years Because NRH may lead to portal hypertension with life-threatening variceral haemor-
rhage in patients with SLE, MRI is a useful, non-invasive examination to screen the patients for its
presence and follow-up. We reviewed the literature regarding NRH in SLE and discuss the

management of the affected patients.

Lupus (2002) 11, 193-196.

Key words: nodular regenerative hyperplasia; portal hypertension; magnetic resonance imaging:

sysiemic lupus erythematosus

Introduction

Nodular regenerative hyperplasia of the liver (NRH)
is defined by diffuse nodular transformation of the
hepatic parenchyma without fibrous septa between the
nodules,! leading to non-cirrhotic portal hypertension,
and complicated with systemic lupus erythematosus
(SLE) or other autoimmune/haematological diseases,
such as Felty’s syndrome, rheumatoid arthritis or
myeloproliferative diseases.!—*

Various hepatic manifestations are common in
patients with SLE? but the prevalence of NRH
remains unknown. Most patients of NRH are asymp-
tomatic without the elevation of liver enzymes, and
the routine radiological examinations, such as com-

*Comrespondence: T Horita, Department of Medicine 11, Hokkaido
University School of Medicine, N-15, W-7, Kita-ku, Sapporo 060-8638,
Japan,

E-mail: thorita@med.hokudai.ac.jp
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puted tomography scan (CT) and ultrasonography
(US), hardly show the presence of NRH.

We describe a case of non-curhotic portal hyper-
tension complicated with SLE in a 40-year-old
female. Her blood transferase levels, CT and US
were normal, but magnetic resonance imaging
(MRI) demonstrated clear multiple nodules of the
liver, diagnosed as NRH. Liver specimens confirmed
the presence of regenerated nodules without fibrosis.
Since NRH may develop asymptomatically and ulti-
mately lead to portal hypertension with fatal variceral
haemorrhage, the early diagnosis of NRH is signifi-
cant to follow-up the affected patients. MRI may be a
useful, non-invasive examination to detect NRH in its
early stages.

Case report

A 40-year-old Japanese female was diagnosed as
having SLE with manifestations of malar rash, high

10.1191/0961203302Iu] 6der
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B Cells and Immunoglobulins Dependent Mechanisms in
Rheumatoid Arthritis: A Possible Rationale of the
Extracorporeal Immunomodulation for Rheumatoid Arthritis

Isao Matsumoto and Takayuki Sumida

Divisien of Rheumatology, Department of Internal Medicine, Instinute of Clinical Medicine, University of
Tsukuba, 1baraki, Japan

Abstract: Patients with rheumatoid arthritis (RA) have
several options for treatment nowadays, although we do
not know what types of therapies are effective for these
patients because RA is a very hetercgenous disease. We
discuss several possible mechanisms ef RA in this review
and explain one possible scenario of autoantibodies de-

pendent arthritis confirmed by anti-glucose-6-phosphate
isomerase antibodies. We also propose several efficacious
treatments for treating these patients as made-to-order
therapies. Key Words: Rheumatoid arthritis—B cells—
Immunoglobulins—Glucose-6-phospate isomerase—
Made-to-order treatment—Rheumatoid factor.

Rheumatoid arthritis (RA) is an important auto-
immune disease that inflicts severe pain and disabil-
ity affecting about 1% of the population in the
world. It is also an old disease, putative cases ap-
pearing already hundreds of years ago, but RA is still
a mysterious disease because there is no consensus
on its etiology and pathogenesis. The lack of consen-
sus may depend on these major factors: patients
show a range of genetic backgrounds, onset ages,
courses of pathology, and responses 1o therapy. Ba-
sically, RA is a chronic, progressive, and symmeitrical
disease with specific destruction of the synovial

joints (1) characterized by leukocyte invasion of .

the synovial lining and hyperplasia of the resident
synoviocytes. The ensving overproduction of chemo-
kines, cytokines, enzymes, and other soluble media-
tors provekes neovascularization, cartilage destruc-
tion, bone erosion, and anarchic remodeling of joint
structures. Systemic manifestations also occur such
as increased production of acute phase proteins, vas-
culitis, and generation of autoantibodies.

To know a scenario of RA pathogenesis, it is nec-
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essary 1o understand what cell types are involved
when and what their contributions are. We believe
that perhaps RA pathogenesis in these different in-
dividuals follows 3 pathways: disease induction, dis-
ease perpetuation, and terminal destruction. Of
course, not only antigen-dependent mecharnisms but
also antigen-independent mechanisms might playv a
key role during all stages of RA because successful
treatment with anti-tumor necrosis factor (TNF)-
alpha antibodies has recently been proved {2,3). De-
cades ago, especially in the disease induction and
perpetuation state, B cells and immunoglobulins
gave way to a T-cell mediated theory, provided by a
strong association of particular major histocompat-
ibility complex (MHC) Class II alleles, which was
domunant for a number of years. However, the em-
phasis has shifted again recently to an emphasis on B
cells because some arthnitogenic immunoglobulins,
such as anti-collagen Type II antibodies and anti-
glucose-6-phosphate isomerase (GPI) antibodies
have been detected from arthritis models of mouse
(4,5) and human RA (6,7).

RHEUMATOID ARTHRITIS MODEL:
K/BxN MICE

K/BxN mice have been described recently as a
new model for RA (8). These transgenic mice ex-
press a T-cell receptor transgene reactive against the
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Ag7 MHC-II molecule bound by a self peptide of
ubiquitous protein. Surprisingly, transfer of serum or
purified serum immunoglobulin (Ig) G antibodies
from K/BxN mice into wild-type mice resulted in the
onset of arthritis as early as 24 h after transfer (9).
Recently, these arthritogenic Igs found in K/BxN se-
rom only recognize a glycolytic enzyme, GPI (5).
This anti-GPI antibody induced disease has several
similarities with various RA models induced by car-
tilage proteins, especially collagen induced arthrits
because the arthritis is dependent on both T and B
cells and transient arthritis can be induced with only
anti-collagen 1] antibodies (4) (mechanisms are sum-
 marized in Fig. 1). In fact, there are many similari-
ties: they are dependent on the complement system
and inflammatory cytokines (interleukin-1 and TNF-
alpha); however, a big discrepancy is found on the
localization of the antigen and isotypes of Igs {com-
parison in Table 1). GPI is a crucial molecule of the
glycolytic enzyme, expressed in essentially all tissues
from the earliest stages of embryogenesis until
death, though with some quantitative variations. It
normally resides in cytoplasm, but soluble GFI has
been detected in human serum. Of course, a big
question still remained: How may antibodies to a
ubiquitous cytoplasmic enzyme provoke arthritis?
No unusual amounts or sequences, splices, or moci-
fication variants of GPI expression were found in
joints, although accumulation of extracellular GFI
on the lining of the normal cavity, especially along
the cartilage surface, was confirmed by immunchis-
tological study (10). This may constitute a generic
scenario where, including anti-GPI antibodies, the
other antibodies recognizing ubiquitous self-antigens
could trigger human arthritis. Indeed, anti-GPI an-
tibodies were increased in 64% of human RA pa-
tients but not in controls {7). They also showed that
monoclonal anti-GPI IgGs from a patient with RA
were highly somatically mutated. These results indi-
cate the immunological events that lead to develop-
ment of autoimmune disease in the K/BxN mouse
model may also occur in human RA. It is possible
that regulation of these Igs produced by autoimmune
B cells is therapeutically beneficial to human RA.

Imprncrlobuline

F1G. 1. The drawing shows the mechanisms of autoimmunily in
autoantibody dependent arthritis (APC: antigen present cell,
Auto T: autoreactive T cells, B: B cells)

Ther Apher, Yeol. 6, Nu. 4, 2002

RHEUMATOID FACTOR IN HUMAN AND
ANIMAL MODELS

Rheumatoeid factors (RFs) were described initially
in 1940 as autoantibodies directed against antigenic
determinants on the Fc fragment of IgG. RFs are
detected frequently in RA patients {around 70%)
and are mainly of IgM, IgG, and IgA isotypes,
though also they are found in varicus other autoim-
mune diseases and in the healthy population. The
frequent occurrence and strong association with RA
led to the hypothesis that RFs have arthritogenic
functions. Indeed, there were some reports showing
that RFs in RA patients were structurally different
from other conditions (11), that RF titers correlate
with disease activity (12), and that some monoclonal
RFs from RA patients bind better to agalactosylated
IgGs (13) which was correlated to deficiencies of
galactose in sernm IgG. However, despite decades of
study, the role of RFs in the pathogenesis of RA is
still controversial. RFs found in spontanecus and in-
duced animal models may or may not be associated
with autcimmune symptoms. In some models, RF
production and titers are associated with arthritic
symptoms (14) although serum transferred models
have not been confirmed.

TREATMENT OF B CELLS AND
IMMUNOGLOBULINS IN
RHEUMATOID ARTHRITIS

Recent recommendations for the treatment of RA
have focused on early and continued use of disease-
modifying antirheumatic drugs and nonsteroidal an-
tiinflammatory drugs. Patients with RA in whom
conventional treatments failed have, until recently,
had few therapeutic options. These patients would
be candidates for more intensive treatments that of-
ten are reserved for those with severe disease. Plas-
mapheresis is one of the options to remove patho-
genic components from circulating blood and is used
as an adjunct 1o drug therapy in rheumatoid vascu-
litis and in some cases of refractory RA. The Pro-
sorba column js a medical device that contains highly
purified staphylococcal protein A covalently bound
to a silica matrix. The Prosorba column was ap-
proved for the treatment of idiopathic thrombocyto-
penic purpura and RA in the United States, and the
efficacy has been proved by several studies (15). Ad-
sorption of Igs and immnocomplexes by Prosorba
might explain this effect although we need to dis-
cover the real mechanism of this treatment with fur-
ther studies. If certain arthritogenic antibedies in hu-
mans were confirmed, it is possible that antigen-
specific columns might be made for removing these
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TABLE 1. Comparison between K/BxN serum and collagen Type 1l induced arthritis serum

K/BxN serum

Collagen induced serum

Arthritis onset 2448 h 2448 h
Dose of serum 100 pl 4ml
Dose of monoclonal Abs 2x1mg 3x10mg
Deposition to tissues Several orpans (syrovium, cartilage, spleen, kidney, Mainly in joinis (cartilage, ears, eyes, trachea,
muscle) intestine)

Recognition GPI (277-312) Collagen 11 a-chain (CB-11)

Native form? Native form?
Pathogenic subtype IeG1 1gG2a (2b)
Cylokine dependency JL-1 (TNF-a) IL-1 (TNF-a)

Cs

Cemplement dependency C3 alternative pathway

GPIL: glucose-6-phosphate ison":erase, Tg: immunocglobulin, IL: interleukin, TNF-a: tumor necrosis factor-alpha.,

antibodies. Another treatment was done with a
monoclonal anti-CD20 antibody; the depletion of B
cells seemed to be effective in RA patients (16).
These results are consistent with the concept that
some categories of patients with RA are critically
dependent on B lymphocytes.

CONCLUSIONS

We summanized the importance of B cells and Igs
in RA patients and the possible treatment of B-cell
dependent RA. In future studies, we must character-
ize which patients are B-cell dependent and intro-
duce a clinical test to evaluate B-cell dependency.
Also, we need to know something of the genetic
relevance 1o the course of diseases. One of the ways
for made-to-order treatment of RA may depend on
how we can process them. :
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Nicked B,-glycoprotein I; a marker of cerebral infarct and a novel role in the
negative feedback pathway of extrinsic fibrinolysis

Shinsuke Yasuda, Tatsuya Atsumi, Masahiro leko, Eiji Matsuura, Kazuko Kobayashi, Junko Inagaki, Hisao Kato, Hideyuki Tanaka,
Minoru Yamakado, Minoru Aking, Hisstoshi Saitou, Yoshiharu Amasaki, Satoshi Sodo, Olga Amengual, and Takao Koike

PBaGlycoprotein | (B2-GPI) is proteolyti-
cally cleaved by plasmin in domain V
{nicked Bz-GPI), being unable to bind to
phospholipids. This cleavage may occur
in vive and elevated plasma levels of
nicked B,~GPl were detected in patients
with massive plasmin generation and fibri-
nolysis turnover. In this study, we report
higher prevalence of elevated ratio of
nicked B;-GPI against total B;-GPl in pa-
tients with ischemic stroke {63%) and
healthy subjects with lacunar infaret {27%)

when compared 1o healthy subjects with
normal findings on magnetic resohance
imaging (8%}, suggesting that nicked B,
GPl might have a physiclogic role beyond
that of its parent molecule in patients with
thrombosis. Several inhibitors of extrin-
sic fibrinolysis are known, but a negative
feedback regulator has nol been yet docu-
mented. We demonstrate that nicked Po-
GPI binds ta Glu-plasminogen with Kp of
0.37 x 10-% M, presumably mediated by
the interaction between the fifth domain

of nicked B:-GFPl and the fifth kringle
domain of Glu-plasminogen. Nicked ;-
GPl also suppressed plasmin generation up
to 70% in the presence of tissue plasmino-
geh activator, ptasminogen, and fibrin. in-
tact P-GPl lacks these properties. These
data suggest that £,-GPl/plasmin-nicked B,-
GPIl controls extrinsic fibrinolysis via a nega-
tive feedback pathway loop. (Blood. 2004;
103:3766-3772)

{12004 by The American Soclety of Hematology

Introduction

B2-Glycoprotein 1 ($,-GP1). also known as apolipoprotein H. is a
phospholipid-binding plasma protein. Phospholipid-bound ($5-GPl
is one of the major target antigens for antiphespholipid anibod-
ies'? present in patients with antiphospholipid syndrome (APS), an
autoimimune disorder cheracierized by arterial/venous thrombosis
and pregnancy morbidity.# B,-GPI has 5 homologous short consen-
sus repeats, designated as domains 1 1o V. Domains of B,-GPI
structurally resemble each other, except that domain V has an extra
C-terminal Joop and a positively charged Iysine cluster. In 1993,
Humt et al* reported that B-GPl is proteolytically ¢leaved berween
Lys317 and Thr318 in domain V (nicked B,-GPJ), being unatble to
bind to phospholipids. This cleavage is generaed by factor X or
by plasmin, with plasmin being more effective.®

Alarge number of reports have detailed the in vitro properties of
B;-GPI as 2 natural anticoagulant/procoagulant regulator by inhib-
ting phospholipid-dependent reactions, such as prothrombinase
and 1enase activity on platelets or phospholipid vesicles,™ factor
XII activation, and anticoagulant activity of activated protein
C.""1 Apan from specific hemostatic functions, 8,-GPJ activates
lipoprotein lipase,' lowers the triglyceride level,’? binds to oxi-
dized low-density lipoproiein 1o prevent the progression of athero-
sclerosis.' and binds 10 nonself particles or apoptotic bodies 10
allow their clearance.’™!” Litle antention has been given to the
functions of the nicked form of 3;-GPI because its phaspholipid-

binding activity was thought 1o exert the physiclogic or pathologic
functions of p-GPI.

Fibrinolytic reactions involve the formation of plasmin from the
zymogen plasminogen and the hvdrolytic cleavage of fibrin 1o
fibrin depradation products by plasmin, Plasminogen, a 52-kDa
glycoprotein, is present in plasma a1 a concentration of approxi-
mately 2 pM.* Plasminogpen consists of 7 domains: one N-terminal
pepide, 5 kringle domains bearing a lysine-binding site (LBS) with
the capacity 10 bind fibrin as well as amifibrinolytic proteins
carrying Jysine, and one serine protease domain.'® Plasmin conver-
sion from plasminogen by tissue plasminogen activator (1IPA) is a
key event in extrinsic fibrinolysis for the thrombolysis against
intravascular blood clots. Plasmin is one of the most potemt
enzymes and has a variety of biologic activities: thus, the regula-
tion of plasmin generation and activity is intporiant 10 maintain the
homeestatic balance in vivo. In particular, an excess of fibrinolytic
activity can lead 1o life-threatening bleeding events. Physiologic
inlibitors of exminsic fibrinelysis include op-antiplasnin (o,-AP)
and plasminogen activator ihibitor 1 (PAI-1).2! These inhibitors
regulate fibrinolysis through different mechanisms,

Nicked (3,-GP1 has been identified by sandwich enzyme-linked
immunosorbent assay {EL1SA) in plasma of patients with dissemi-
nated inravascular coagulation {DIC )2 or leukemiz, 2 both condi-
tions characterized by massive thrombin generation and fibrinolytic
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turnover. To investipate the biologic and elinical significance of
nicked B,-GPI in a disease characlerized by a lower leve) of
thrombin generation and fibrin turnover than DIC, we evaluated the
cleavape ratio of B,~GP1 in plasma of patients with ischemic stroke
and the results are presented herein. Further, we investipated the
role of nicked P-GPl in exwinsic fibrinolysis and demonstrale for
the first time that nicked $,-GP] binds 1o plasminopen. We also
describe the inhibitory effect of nicked B;-GPJ on the fibrin swface
where plasminogen is proteolytically activated into plasmin. Be-
cause B,-GPI may be cleaved in vivo by plasmin during thronthus
formation and thrombolysis, these phenomena represent a novel
nepative feedback loop in extrinsic fibrinolysis where B,-GP] plays
a key role,

Patients, materials, and methods

Study patients

The study population comprised 62 patients with histery of ischemic stroke
diagnosed by magnetic resonance imaging (MRI) performed a1 the time of
admission 10 the Azabu Newosurgical Hospital {female-to-male ratio.
12:50; mean age, 68 = ¢ vears). Blood samples were oblained from the
patients at least 6 months afier their Jast occlusive event,

We also investigated 130 ape- and sex-matched apparently healthy
subjects with no history of cerebral infaret who consented te join the study.
All subjects underwent a cerebral MRI at the Neworadiology Departmen at
Mitsui Memorial Hospital and images were analyzed by an experienced
neuraradiologist. According 1o the MRJ findings the healihy subjects were
divided into 2 groups: 52 with lacunar infarcts (female-10-male ratio, 20:32;
mean age 67 = 9 years) and 78 without any abnonnality (female-1o-male
ratio, 26:52: meun ape. 66 = 6 years), Blood sampling was perfonned at the
same lime of the MRI scan, All the patients and healthy volunteers provided
informed consent according 1o Declaration of Helsinki principles,

Blood collection

Vencus bloed was collected in tubes containing one-1enth volume cf 0.105
M sodium citrate and was centrifuped immediately at 4°C. Plasma samples
were depleted of platelets by filtration then siored at = 70°C witi] use.

Materials

Muonaclonal amibadies. To measure the plasma levels of nicked or total
B:-GFl. we used 2 monoclonal antibodies, 1 monoclonal anti-nicked
Bz-GPl antibody (NGPI-60) that specifically reacts against nicked Bp-GPI
and the other moneclonal anti-B>-GPl antibody (NGPI-23} that equally
reacts with nicked and intact B--GPLE

An 1pG mouse monaclonal antihuman B,-GPl amibody directed to
domain Il of human Bo-GP] (Cof-22) was used for the purification of
nicked P,-GPl and evaluation of the binding of nicked P,-GPl 1o
immebilized Glu-plasminogen.® Cleavage of B-GPl by plasmin did not
2ffect the binding of Cof-22 1¢ Ba-GPI because the epitope of Cof-22
antibody on B2-GPl molecule resides on domain 11 (data not shown).

Antihuman plasminopen antibodies directed to kringles ! 1o 3 or against
kringle 4 were obtained fiom American Diagnostica (Greenwich, CT).

Protcins. B>-GPl was puwified from human plasma, as described.®
Nicked B-GPl was prepared as reported® with slight moedifications that
included an additional purification step: B-GPl was treated with human
plasmin (Calbiochem Novabiochem, La Jolla, CA) a1 37°C for 3 hours, at a
molar ratio of B-GPl/plasmin of 5:). Plasmin-treated [B,-GPl was first
puwified on 2 Cof 22-Sepharose column and subsequently on a heparin-
Sepharose colunmn. The heparin nenbinding fraction was collected and
further purified by ion-exchanpe chromatography using Meno-Q column
(Fharmacia Biotech. Uppsala. Sweden). Purified Ba-GP) was reduced using
2-mercaptoethancl and subjected 10 sodium dodecy) sulfate-polyacrylam-
ide el electrophoresis (SDS-PAGE). appearing a¢ a single band smaller
than that of the intact one {data not shown).
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The domain V-deleted mutam protein (domains 1-IV) of B2-GPl was
expyessed using a baculovirus system as reported.? This muam Ba-GPl
does not include the cleavage site for plasmin,

Glu-plasminogen was pwified fiom the plasma of healthy Jspanese
donors using clrematography on lysine-Sepharose 4B (Pharmacia Biotech)
and diethylaminoethyl (DEAE) Sephadex A-50 {Phammacia Biotech).
Plasminogen kringles ) 1o 3 fragment. plasminogen kingle 4 fragment. and
mini-plasminogen. which consists of the Juingle 5 and serine protease
domain of plasminogen, were obtained from Technoclone {Vienna, Aus-
tria). Recombinant 1PA (2-chain, Duleplase) was obtained from Sumitomo
FPhammaceutical (Osaka, Japan). €-Aminocaproic acid (EACA) was pur-
chased from Sigma Chemical (St Louis, MO).

Methods

Measurement of plasma levels of wicked B>-GP1 Plasma levels of nicked
B2-GP) were determined by a sundwich ELISA as previously described with
slight modifications.®® Briefly, polystyrene microtiter plates were coated
with 100 uL monoclenal anti-nicked B.-GPJ anibody (NGPI-60) in 50
mM Tris (trishydroxymethylaminomethane}-HCL. pH 7.5. containing 0.15
M NaCi and incubated ovemnight a1 4°C. Wells were washed 3 times with
0.5 M NaCl comaining 0.05% Tween 20 and 100 L citrated plasma
samples diluted 5-folé in 20 mM Tris-HCL, pH 7.5. containing 0.5 M NaC}
and 0.05% Tween 20 (sample buffer] were added. Afier 2 hows of
incubation at yoom temperatwe and washing 3 times. 100 pL biotinylated
Flab')y frapmem of monoclenal anti-B;-GP1 (NGPJ-23; 2 ppiml) was
added 10 each well. followed by ) hour of incubation. Then. 100 jLL allcaline
phosphatase (ALF)—conjugated streptavidin (Zymed, San Francisco, CAj at
a 1:1000 dilution in sample buffer was added to each well. Afier another j
how of incubation and 3 times washing., 200 pL substrate (1 mpghnl
p-nitrophenylphosphate disodium [Sigma Chemical] in ] M diethanol-
amine buffer [pH %.8]) was added. Optical density (OD) was read a1 492 nm
with yeference al 620 nm using an ELISA plate reader. The plasma levels of
nicked By-GPl were detérmined frem a standard curve constructed with
cinated plasma spiked with known amounts of purified nicked B.-GPL.

Measarement of plasma levels of total B~GPL Plasma levels of 1o0ta)
B2-GPl were detemuned by a sandwich ELISA using F(ab") fragment of
NGPI-23 as the capture antibody and biotinylated antihuman B.-GP) rabbit
12G as the tap amjbody as previously reported.® Plasma samiples of S0 L
(8000-fold diluled) were added 1o the wells containing the inunobilized
antibody. The ALP-conjugated streptavidin (Zymed) was 1hen added and
bound ALP was detenmined 2s described (“Measurement of phasma levels
of nicked B2-GPI"). The amounts of 1011 B2-GP1 in plasma were calculated
from a calibration cuwrve constructed with known amounts of purified
£2-GPL. A nicked B,-GP ratio was calculated in all samples using the
formula: (plasma nicked B.-GPlplasma total B2-GPl) X 1000.

Other labaratory investigations. The same plasma samples were
tested for thrombin-antithrombin (TAT) complexes. plasmin-antiplas-
min {plasmin inkibitor) complex (PP}, and D-dimers (DDs) by latex
agglutination assay using commercial kits LPIAACE TAT, LPIAACE
PPl LPIAACE D-D dimer (Dia-latron. Tokyo, Japan), according 10 the
manufaciures’s instructions.

ELISA for binding of imtact or nicked PGPl to plasminogen. The
binding of nicked or intact By-GP) was investipated by ELISA. Fifiy
microlisers of Glu-plasminogen (10 pg/ml) in phosphate-buffered saline
(PBS). pH 7.4, was distributed in each well of a Sumilon Tvpe S microtiter
ELISA plate (Sumitomo Bakelite. Tolcyo. Japan) and incubated overnight at
4°C. After washing 1wice with PBS and blocking with 2% gelatin-PBS for |
hour at 37°C. 50 ul of serial dilutiens of intact or nicked B>-GPl in 1%
bovine serum albumin (Sigma Chemical)-PBS (1% BSA-PBS) were placed
in each well. Plates were incubated for 1 houwr at room temperatwe and
washed 3 times with PBS containing 0.05% Tween 20 (PBS-Tween), then
50 pLl/well Cof-22 {100 ng/mL) in 1% BSA-PBS was distributed. Afier
incubation and washing 25 above, 50 pL/well of ALP-conjupsated anti-
mouse 1gG {Sigma Chemical), diluted 1:2000 in 1% BSA-PBS, was pul
to each well, followed by incubation. Substrate (100 L) was distributed
afler washing 4 times with PBS-Tween and incubated. OD was read a1 405
ran with reference a1 620 nm.
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The sole of plasminogen LBS in binding to nicked B.-GP1 was
evaluated by a competitive ELISA adding serial dilutions of EACA. a lysine
analog. imo the nicked B;-GPI solution.

Kineric assay for molecular interaction bemeen nicked B-GP/! and
plasminogen. Real-time analysis for molecular interaction between nicked
B2~GPl and Glu-plasminogen was perfomed using an optical-biosensor,
1Asys system (Affinity Sensors, Paramus, NJj. Biotinylated Glu-
plasminogen was immobilized on the wall of a biotin cuvetie {Affmiy
Sensors) via sueptavidin (Sigma Chemical). After blocking with 0.01%
BSA-PBS and washing with PBS, various concentrations (up 1o 4 ph) of
native or nicked Ba-GP) were placed by the cuvetie and lipand bound 1o the
plasminogen-coaled swface was detected. Obtained data were fined using
linear regression to find the imercept and gradient. This analysis was uvsedio
derernune the association rate constant (k,.) and dissociation rate constant
(lgs). from the wvaristion of the on-rate consiant (k,,) with ligand
concentration. According 10 he equation: Xn, = Kaies + Juge [ligand). Ko and
Ka ave determined as follows; Ky = KgiwKas 30d Ka = Koo/ Keisa-

dnhibirion ELISA. To identify the nicked B:-GPl-binding site on

Glu-plasminogen. the inhibition of Glu-plasminogen binding by fragments -

of plasminogen was exanuned, Fifty microliters of nicked B-GPI (0.2 tM)
diluted in PBS was put inte each well of a MaxiSorp microtiter plate (Nalge
Nunt Intemational. Roskilde, Denmark) and incubated overnight a1 4°C.
Afier washing twice with PBS and blocking with 2% gelatin-PBS for | howr
at 37°C. serial diluiions of inhibitor (BSA. plasminogen luingle 1-3,
plasminopen kringle 4, er mini-plasminogen) were added (50 uLfwell)
followed by ovemight incubation at 4°C, Afier washing with PBS-Tween.
10 mg/ml Glo-plasminogen was then added (50 pL/well) and incubated for
30 minutes at room temperature, and plates were washed 3 times with
PBS-Tween, To compare 1he inhibitory effect between laingle ! to 3 and
mini-plasnuinegen, a monoclonal antikringle 4 antibody (American Diagnos-
tica) was used 1o delect bound Glu-plasminogen, whereas 2 monocional
antiloingle 1 10 3 antibody (American Diagnostica) was used to compare
the inhibition of nuni-plasminogen with that of kringle 4. Afier incubation
with these monoclonal antibodies, bound Glu-plasminogen on niched
Ba-GPl was evaluated by ALP-conjugated amimouse lpG. followed by
substrate addiion as described (“ELISA for binding of intact or nicked
B=-GPl1o plasminopen”).

Inhibitmy cffect of nicked BrGPl on the binding of plasminogen 1o
Fbrin, To investigate whether nicked B,-GPl interferes with the binding of
Glu-plasminogen 1o inuneobilized fibrin in a liquid phase or nat. the
following experiment was done. Each well of a2 Sumilon Type § microtiter
plae (Sumitomo Bakelite) was coated with seluble fibrin monomer (3
mg/mL) and incubated a1 4°C ovemipght, foliowed by washing with
PBS-Tween and blocking with 2% pelmin-PBS a1 37°C. Biotinylated
Glu-plasminogen {5 pg/mbL in 1% BSA-PBS) was preincubated with
different concentrastions of intact or nicked Ba-GPI for 1 howr a1 room
temperature and added to the wells in triplicate. Afier incobation for | hour
a1 yoom temperature. each well was washed with PBS-Tween. ALP-
conjupated streptavidin was diluted 10 3000 times in PBS and distribuled 10
the wells, After ) hour of incubation and washing. substrate was added and
absorbance was measured as described.

Efiects of bmtact or nicked By GPI v tPA activite: chromaogenic assay.
by the presence of fibyin. tPA can effectively activate plasminogen to
plasmin.: Because we speculated that nicked B,-GP! might interfere with
this activation step by binding to plasminogen. chromogenic assay nieasur-
ing plasmin geperation was inroduced In the presence of 1PA. Glu-
plasminogen. fibrin monomer. and B.-GPL The effect of imact/nicked
2:-GPl on the activily of plasmin generated was evaluated using a parabolic
rate assay. The activity of tPA was measured in a chromogenic assay as
described” with some modifications. A mixture of 1he same volume of 50
UL 1PA in PBS and | M acetate buffer (pH 3.9) was incubsted for 5
minutes at yoom temperature. then diluted 1:160 with assay buffer (50 mM
Tris-HC1, pH §.8, 100 mM NaCl. and 0.01% Triton X-10C). Then 100 pL of
the diluted tPA solution was incubated in a Sunulon Type § microtiter plate
with 100 L detection reagents consisting of Glu-plasninogen and
plasmin-sensitive substrate (Glu-plasminogen [70 pghnl] and 0.6 mM
chromogenic substate S-2251 [Cluomogenix, Méndal., Sweden] in assay
buffer) with imtact or nicked B2-GP) and 2 1 L/wel] soluble fibrin monomer
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(3.3 mp/ml. in 3.5 M urea), The final concentrations of intact/nicked
B.-GP}were 0. 0.25. and 0.5 pM. Domain ) 10 IV of B,-GPl mutant or BSA
served as the negative control. Afier incubation a1 37°C for 12 hows, the
aclivity of plasmin generated was determined by measwing absorbance
at 4G5 nm using a microplate reader (model 3550; BioRad, Hercules,
CA). A standard curve was generated using serial dilutions of tPA. The
plasmin generation in this system was expressed as corresponding 1PA
activity (U/mL).

Effects af inact or nicked B>GPI on 1PA activin: fibrin plate assar.
To exclude the possibility that nicked P--GP) affected 8-225] cleavage
without interacting with fibvinelytic factors, fibrinolysis was evaluated by
conventional fibrin plate assays. Fibrin was layered on a plastic plate 10 em
in diameter. using the same volumes of 0.2% plasminogen-free fibrin
(Sigma Chemical). 1% agarese. and 200 pL/plate thrombin, 2¢ Uml.
Then. 6 nL of the diluted tPA selution (“Effects of intact or nicked B.-GP1
on tPA activity: chromogenic assay”} was incubated with the same volume
of Glu-plasminogen (70 pghmnl) in assay buffer, with intact or nicked
Ba-GP1 {up 10 0.5 uM). Afier 36 hours of incubation at 37°C. the area of
lysis rings was measwed. A standard curve was generaled from serial
dilutions of tPA.

Statistical analysis. Statistical evaluation was perfosmed by the 7 test.
Fisher exact test, X7 1251, or Spearman rank cowelation as appropriste. P
values less than .05 were considered statistically significant.

Results

Levels of nicked $3,-GPlin plasma samples

The plasma Jevels of nicked B,-GPI ratio are shown in Figure 1. A
norma} Jevel of nicked B,-GP] ratio was derived from the
apparently healthy subjects without any MRI abnormality, the
mean plus 1 SD representing the upper limit of normal. A higher
prevalence of elevated nicked $,-GPI ratio was found in patients
with ischemic stroke (63%, 39 of 62) and healthy subjects with
Jacunar infarcl {27%. 14 of 52) when compared 10 healthy subjects
with normal MRI findings (8%, 6 of 78). Relative risks of having
stroke or asymptomatic lacunar infarction were approximated by
odds ratio (35% C1)}, 20.3 (7.6-54.2) and 4.4 (1.6-12.4), respectively.

The prevalence of elevated Jevels of markers of thrombin
peneration and fibrinolytic urnover in owr population are shown in
Figure 2. A siatistically significant correlation was observed
berween Jevels of PP] and nicked B;-GPl ratio in plasma of healthy
subjects with Jacunar infarct (17 = 0.31, P = .02). No correlations
were found between nicked B,-GPl ratio and DDs or TAT
complexes in any of the groups.
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Figure 1. Plasma levels of nicked P-GPl. Total and nicked B-GFl plasma levels
were delermined by ELISA, A nicked Bp-GPI ratio, [plasma nicked B2-GPi/plasma
folal Bo-GPI) - 1000, was eslablished in all the samples. The dashed line indicales
the mean + 1 SD of the ratio in heallhy subjects withoul lacunar infarel, P values were
calculaled using f1est.
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Figure 2. Prevalence of abnormally elevated plasma levels of nicked PGPl and
of markers of thrombin generationffibrinolytic turnover in our population,
Plasma levels of D.dimers (DD), plasmin-antiplasmin complex (FP1), and thrembin-
antithrombin complexes (TAT) were delermined in all the subjecls as described in
“Patignls, matenals, and melhods,”

In the apparently healthy subjecis group (n = 130). plasma
nicked B;-GPl ratio significantly correlated with age {r? = 0.483,
P < .0001: Figure 3). Therefore, plasma measurement of micked
Bz-GPl might be a useful screening tool in the assessment of
patients at risk of ischemic stroke.

Binding of nicked f;-GPl to Glu-plasminogen

The binding of up 10 0.4 WM nicked (-GPl te solid-phase
Glu-plasnunogen occwred in a8 dose-dependent manner, whereas
the same concentrations of intact B~GP} did not bind 10 Glu-
plasninogen (Figure 4A). The binding of Cof-22 10 B;-GPl was not
affected by the cleavage of B.-GPl. Molecular nyleraction between
intact or nicked B,-GPl and plasminogen was invesiigated using an
optical biosensor. Nicked ;-GPl showed a large exteni of binding
1o immobilized Glu-plasminogen, whereas intact B,~GPl1 did not
show any specific binding (Figure 4B). The data of k,,, at difierent
concentrations of nicked B,-GP] were fitted using linear regression,
determining k. as 0.0006 M~7s7" and kg, as 0.0022 s77 {Figwe
4C). Accordingly, Kp and K, were determined as 0.37 X 107 M
and 2.70 X 10" MY, respectively.

Inhihition of binding of Glu-plasminogen to nicked B.-GPI
by the fragments of plasminogen or by EACA

The binding of Glu-plasminogen (10 pwg/mL) 1o immobilized
nicked (,-GPl, but not 10 native B;-GPl, was demonstrated by
ELISA. For the inhibition assay, the frapmems of plasminogen
{mini-plasminogen or kringle 4) as the inhibiting factors were
added to the wells coated with nicked p;-GPI, and bound Glu-
plasminogen was detected using a monoclonal antikringle 1 10 3
antibody. Mini-plasminogen, but not kringle 4, inhibited the
binding between Glu-plasminogen and nicked $,-GP1 (Figure 5A),
Kringle 1 to 3 fragment or mini-plasminogen was added as
mh:bitor and bound Glu-plasminogen was detected using a mono-
clonal antikringle 4 antibody. Glu-plasminogen binding to nicked
B:-GP was dose dependemly inhibited by mini-plasminogen but
not by kringle ¥ 10 3 fragment (Figure 5B). The fifth domain or the
catalytic domain of Glu-plasminogen, therefore, was predicted 1o
mediate its binding to nicked B,-GPL

When the binding of nicked B,-GP1 (10 jag/mL) 10 solid-phase
Glu-plasminogen was 1ested in the presence of different concentra-
tions of EACA, the binding between nicked B;-GPI and immobi-
lized Glu-plasminogen was abolished in a dose-dependent manner
{Figure 5C). Accordingly, LBS on plasminogen might mediate the
binding of nicked 3;-GP1 1o Glu-plasminogen.
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Binding of plasminogen to fibrin interfered
with by nicked p,-GPI

We also investipated whether nicked po-GPl has an effect on the
binding of Glu-plasminogen to inmabilized fibrin monomer using
an ELISA sysiem. Afier preincubation with nicked B,-GPL. but not
with intact B,-GPl, Glu-plasminogen showed decreased binding
activity 10 soluble fibrin monomer (Figure 5D).

Effects of nicked ;-GP| on extrinsic fibrinolysis

The amidolytic activity of newly generated plasmin was evaluated
as 1PA acivity (UJ/mL) in a clvomogenic assay, The activity
increased with the concentration of 1PA {data not shown). When
nicked B;-GPI was added. the 1PA acitivity decreased in 2 dose-
dependent manner (Figure 6A). Intact B,-GPl a1 0.25 1M did not
suppress the fibrinolytic activity, whereas imact B2~GPl in a higher
coneentration (0.50 pM) slightly suppressed the fibrinolytic activ-
ity. The same amoun1 of BSA or the recombinant domain I 1o IV of
B2-GP] did not affect the 1PA activity.

The fibrinalytic activity of pencrated plasnin was measured as
1PA activity {U/mL) in a fibrin plate assay. Fibrinolytic activiry was
suppressed by nicked B,-GPl at .25 and 0.50 pM. Intact B,-GP] at
0.50 pM 2lso slightly inhibited the fibrinclytic activity, However,
0.25 uM intact B,-GPl did not affect the fibrinolytic activity of tPA
(Figure 6B).

Discussion

In the first pant of this study, we demonstrated that plasma levels of
nicked $;-GPl were elevated in patients with ischenic stoke,
indicating an elevated degree of fibrin tumover, but Jower than that
of DIC where thrombin and plasmin are massively generated.

In fact, nicked B;-GPI was detected in large quantities in plasma
of patients with DIC, a pathologic state characterized by marked
increase of plasma PP1.22 We observed a strong correlation between
plasma Jevels of nicked B,-GPl and those of PP] in the healthy
individuals showing Jacunar infarcis on MRI, suppesting that
nicked B,-GPI may rather reflect “minor™ plasmin generation. In
the presence of Jarger plasmin generation, the correlation between
nicked B,~GPI and PP] may be lost,” presumably due 10 the
consumption of ¢-AP, In individuals with MRJ abnormalities
the prevalence of increased nicked B;-GPI ratio was higher than
that of PPI, DDs, and TAT complexes (46%, 27%, 19%, and
11%, respectively). Thus, the detection of nicked B;~GP1 may
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Figure 3. Correlation between plasma levels of nicked £GPl and age in
apparenily healthy subjects. Nicked £,-GP| was measured by a sandwich ELISA.
The dotted line represents the regression curve. Each circle shows nicked BxGFl
ratic and age in each subject.
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Figure 4. Binding of intact/nicked ;-G P} 1o Glu-plasminogen. [A) Binding of intacl o niched §,-GPi lo immobilized Glu-plasminogen was evatusled by ELISA using mouse
monoclonal anli-g,-GP3 anlibody Col-22. Closed circles indicale the dose-dependenl binding of niched P2-GPI o Glu-plasminogen, whereas open circles indicale thal intacl
B,-GPl is unable 1o bind 1o Glu-plasminagen. (B-C) Kinetic plot showing molecular interaclion between Glu-plasminogen and intacl or nicked Bz-GPI. intacl B2-GP ar nicked
£2-GP1 binding 1o Glu-plasminogen was delecled using lAsys, an oplical biosensor as described in "Patients, malenals, and methods.” Binding extenl {arc sec} was compared
tetween inlacl and nicked f3-GPl (B). Oblained on-rate conslant (kqx} fof nicked B2-GP) was plotied and fited using linear regression to find 1he intercepl and gradient (C).

A formuls for determining the association rate constanl (k) and dissociation rate constant (hew,) is 85 Jollows: ken = kegy* kass [igand). Error bars indicale SDs.

represent a more sensitive marker of vascular Jesions than PPJ,
DDs, or TAT complexes.

In support of this concept is the cotrelation between micked
B;-GPlratio and age in the apparently healthy subjects, suggesting
that “minoz” plasnun generation might be associated with subclini-
ca) or early clinical atherosclerosis. It is widely accepled that
atherosclerosis is associaled with endothelial cell activation and
minor plague rupture Jeading to small thrombus formation. secre-
tion of 1-PA, and plasmin generation, ultimalely cleaving B,-GPL
Indeed. nicked P;-GPI car be generated on the surface of activated
endothelial cells or plaielets. ??

In the second part of This study, we investigated the properties of
nicked B,-GPl in vitro to evaluate the biologic significance of cur
observations. We showed that nicked p;-GPl specifically binds to
Glu-plasminogen and inhibits extrinsic fibrinolysis in vivo. In
contrast, neither domain 1 10 IV of B,-GPI nor intact B;-GFl
revealed such functions. The administration of intact $,-GP) in
higher concentrations also suppressed plasmin generation, perhaps
owing 10 the nicked B,-GPl produced by the newly gencrated
plasmin. Under clinical conditions characierized by massive plas-
min generation such as DIC or acute thrombosis, plasmin is
generated by 1PA released from activated endothelia) cells with
thrombus formation, and plasmin cleaves $,-GP] on the throm-
bus, changing the properties of 3,-GP1. We propose that £,-GP]
is a precursor of plasmin-nicked B,-GPI, a physiologic inhibitor
of fibrinolysis.

The erysia) structure of human B;-GP] has been defined ?™2*
Bouma et aj®® proposed that a Jarge positively charged paich in
domain V binds 10 anionic surfaces with 2 flexible and partially

hydrophobic loop inserted into the lipid layer. According 10 the
conformation of the nicked domain V, as predicted from the x-ray
stroctwe of the imtact domain V and confirmed by heteronuclear
niagnetic resonance, the nicked C-1erminal Joop is tightly fixed by
electrostatic interaction with enhanced stability, the result being
neutralization of the positive charge of the lysine cluster 263
Glu-plasminogen, a full-length profein, is the naturally ¢irculat-
ing form of plasminogen. Kringle 5 of Glu-plasminogen has a
higher affinity for imact fibrin.**%* LBS in krinple 5 of Glu-
plasnunogen mediates N binding 10 N-1erminal Jysine on fibrin. an
event essential to iniliate fibrinolysis reactions. This initial binding
of Glu-plasminogen to fibrin induces a confonmational change
from a “closed” 10 2n “'open” form, thus promoting accessibility to
plasminogen activators such as 1PA or urokinase,'® On the fibrin
surface, generated plasmin cleaves the single-chain 1PA into the
2-chain tPA, a more active form, providing a positive feedback for
plasmin generation. Plasmin simuhancously degrades fibrin and
makes C-terminal lysine of fibrin nmiore accessible to plasminogen
via kringles 1,334 2_ and 3. thus accelerating fibrinolysis.
According 1o the results of the inhibition studies using plasmin-
ogen fragments or EACA (Figure §), and comparison of the effect
on plasmin generation hetween nicked B;-GPI and domain 1 1o 1V
of $,-GPI (Figure 6A), it would be indicated that the binding of
nicked B8:-GP! to Glu-plasminoger is mediated by the interaction
between the lysme-cluster paieh in domain V of the nicked B;-GP)
and LBS on the plasiminogen kringle 5, although it still may be
possible that an excess amount of EACA interacts with the catalytic
domain of Glu-plasminogen. The conformational difference be-
tween intact and nicked B-GP1 is critical for its binding 1o
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Figure 5. Identification of the binding site of Glu-plasminegen to B-GPI by inhibition ELISA using plasminogen fragmenis. (A) Binding of Glu-plasminogen lo
immobilized nicked B,-GPl was tested by ELISA in the presence of possible inhibitors. Afier nicked Ba-GPI immobilization omo microliler plates, differenl concentralions of
kringte 4 ol plasminagen (O} or min-plasminogen {thal consisls of kringle § and calalylic domain of plasminogen; ®) were added as inhibilors, BSA (W) served as control, Afler
incubalion and washing, Giu-plasminogen {10 pg/ml) was added and bound Giu-plasminogen was delermined using kringle 1- to 3-speciic mouse monoclonal
anliplasminagen antipedy, (B) For the inhibition ELISA kringle 1 1o 3 of plasminogen (C%) or mini-plasminogen (#) served a5 inhizilors, Glu-plasminegen bound to immobilized
{8,-GP] was detected using kringle 4-specific mouse monoclonal anliplasminogen antibody. Assays were fun in Yriplicate. [C) Competilive ELISA using EACA, a lysine
hemelcgue. Binding of nicked Bz-GPl (0.2 i) to immobilized Glu-plasminegen was tested by ELISA using Cef-22 antibody in the presence of various concenlrations of EACA
(0-0.20 pgfmL). (D} Soluble fibrin monomer (S pg/ml) was coated on the surface of & microtiter plale and blocked. Biotinylated Glu-piasminogen (5 pg/mL) was preincubated
wilh inlact or nicked B;-GP1 and added to (he wells. Afler incubalion and washing, ALP-conjugated streplavidin was vsed for deteclion. Assays were run tiplicate. Error bars
indicale SDs. K indicales kringle; mini-plg, mini-plasminogen.
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Figure 6. Inhibitory effect of nicked B-GPl on plasmin generation. (A) Plasmin
generation was measured by parabohic rale assay using Synthetic subsirale 8-2251
in the presence of 1PA, Glu-plasminogen, and fibrin monomer. Nicked p;-GP) [#),
intac! B~-GPI (D). BzGPI domain i-1V mulanl (B}, or ESA ((J) was added 1o the
reaction in the indicated concenlralions. After 12 heurs of incubation, absortance at
405 nm was measured and expressed as 1PA adtivily [U/mL) using LPA as standard.
[B) Fibringlytic aclivily was measured using fibrin plale assay. Sclulion reaclion
containing 1PA, Glu-plasminogen, and niched (@) or intacl B;-GP) (O) were placed
onie fibrin plales. Aller 36 howrs of incubation. the ring area of lysis was measured.
Assays were performed in triplicate. Error bars indicate SDs. D indicales domain.

phospholipid or plasminogen. The lysine-cluster patch in domain 'V
of nicked PB;-GPl may gain accessibility for the LBS of Glu-
plasminogen, whereas the C-terminal Joop of intact §,-GPI may
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interfere with interactions of LBS and the Glu-plasminogen
kringle 5.

The fibrinolytic system is regulated at ditferent levels, either at
plasminogen activation or at enzymatically active plasmin. Many
factors, including o-AP, a-macroglobulin, o;-antitrypsin, inacti-
vated C1, PAl-1, and PA)-2, prevent the overactivation of the
fibrinolytic sysiem. The most potemt inhibitors are w,-AP and
PAI-1%% the former binds 10 a component of kringle 1 1e 3 of
plasminogen™ and can neutralize the generated plasmin more
rapidly than v;-macroglobulin.

Fibrinolysis mitiztes on binding of Jringle 5 of plasminogen to
lysine residues on fibrin followed by the binding of kxingle 110 3 of
plasniinogen 1o lysine residues on the cleaved fibrin, w,-AP does
not bind to kxingle 5 of plasminogen, hence, does not seem 10 affect
1he firs1 inleraction. Based on the observation that nicked B,-GPI
imerferes 1he binding between Glu-plasninogen and fibrin mono-
mer {Figure 5D), it is likely that the binding of nicked (,-GFl to
Glu-plasminogen affects the first step of fibrinolysis a1 Jeast and
exerts an inhibiiory function in the fibrinolytic system via different
mechanisms from that of ¢,-AP.

In conclusion, first we have demonstrated that plasma Jevels of
nicked B,-GPl can be a sensitive marker of cerebral ischenuc
events and we sugges! that plasma measurement of nicked B,-GPI
might be a useful screening 1ool in the assessment of patients at risk
of ischemic stroke, Second, we propose that nicked p,-GP) is a
physiclogic inhibitor of fibrinolysis and that plasmin ¢leavage of
3;-GPI is part of the negative feedback pathway of extrinsic
fibrinolysis.
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Abstract

The anti-phospholipid syndrome (APS) is characterized by thrombosis and the presence of anti-
phospholipid antibodies (aPL). Tissue factor (TF), the major initiator of the coagulation system, is
induced on monocytes by aPL in vitro, explaining, in part, the pathophysiology in this syndrome.
However, littie is known regarding the nature of the aPL-induced signal transduction pathways
leading to TF expression. In this study, we investigated aPL-inducible genes in PBMC using cDNA
array system and real-time PCR. Our results indicated that the mitogen-activated protein kinase
(MAPK) pathway was related to TF expression when FBMCs were treated, in the presence of
p2Glycoprotein I (§,GPI), with human monocional anti-p.GPl antibodies [§.GPIl-dependent anti-
cardiolipin antibodies {(aCL/f,GPI}). Western blotting studies using monocyte cell line (RAW264.7)
demonstrated that p38 MAPK protein was phosphorylated with nuclear factor kB (NF-kB) activation by
monoclonal aCL/B,GPI treatment, and that SB203580, a specific p38 MAPK inhibitor, decreased the
aCL/p.GPlinduced TF mRNA expression. The p38 MAFPK phosphorylation, NF-xB translocation and
TF mRBNA expression triggered by aCL/[},GPI| were abolished in the absence of p.GPI. These results
demonstrated that the p38 MAPK signaling pathway plays an important role in aPL-induced TF
expression on monoccytes and suggest that the p38 MAPK may be a possible therapeutic target to

modify a pro-thrombotic state in patients with APS.

Introduction

Anti-phospholipid syndrome (APS) is a clinical condition
characterized by recurrent thrombotic events and/or preg-
nancy morbidity associated with the persisience of anti-
phosphaolipid antibodies (aPL} (1). Anti-cardiolipin antibedies
{aCL) are members of the aPL family, a large and heteroge-
neous group of circulating Igs arising in & wide range of
infectious and autoimmune diseases, particularly systemic
lupus erythematosus (1). Since the early 1980s, the interest in
aCL has exponentially increased due to their association with
clinical manifestations of APS (2, 3).

aCL are detected by immunclogical assays {radioimmuno-
assay and ELISA) (2, 4, 5). Many studies have indicated that
antibcdies against B;Glycoprotein | (3zGP!) are one of the pre-
dominant antibodies detected with aCL assay in APS patienis
(6-12). APS-related aCL recognizes the epilope(s) on the

RGPl molecule when f.GPI interacts with a lipid membrane
compeosed of negatively charged phospholipids [B.GPI-
dependent anti-cardiolipin antibodies or antibedies against
cardiolipin/B.GPl complex (aCL/BGPI)) (11). In the past
decade, many studies have investigated the pathophysiclogy
of thrombesis in APS and considerable interest has focused on
the role of aPL as a clue to mechanisms related to thrombosis
{13). Results of intensive research works have significantly
advanced understanding ¢f the mechanisms by which these
antibodies may play a direct role in clot formaticn. Classically,
in vitro evidence suggests that aCL/B.GPi are involved in
hemostatic abnormality. B,GPl interacts with negatively
charged phosphclipids involved in the coagulation process,
having both pro-coagulant and anlicoagulant properties.
RGPl suppresses the thrombomodulin-protein C system
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{(14), factor X, XI and Xil activation (15-18) and pro-
thrombinase activity (19). Antibcdies against PGPl may
modify the properties of BzGPl and faver & pro-thrombotic
slate.

However, individuals with B2GFI deficiency do not have
athrombotic tendency, thus aCL/B:GPl-asscciated thrombosis
cannot be merely explained by 'B2GPI insufficiency’ (20, 21}.
Investigators turned their focus on functions of endothelial or
other cells which might be modified by aPL. In this scenario,
[.GPI serves as a ‘co-factor’ 1o prepare receptors for auto-
antibody binding to cells. In this case, irespective of the
functions of B.GPI itself, auto-antibodies against fzGPI may
alter the bound-endothelium progerties from 'anti-thrembotic”
to ‘pro-thrombotic’, leading to the producticn of pro-ccagulant
substances such as tissue factor (TF) (22, 23), vascular cell
adhesion molecule-1, intercellular adhesion molecule-1,
E-selectin  (24-26), plasminogen activator inhibitor-1 or
endothelin-1 (27).

TF is the major initiator of the extrinsic coagulation system
{28), functioning as the protein co-factor for the plasma serine
protease, activated factor Vil (FVlla) (29, 30). Induced TF
forms a complex with FVlla that triggers the blood clotting
cascade by activating factors IX and X, leading tc thrombin
generation (22). In normal conditions, TF is not expressed on
intra-vascular cells (28) but it can be induced under stimuli
such as LPS (31), tumor necrosis factor-alpha (TNF-or} (32, 33)
and IL-1 (34). Evidence has supported the role of TF pathway
in the pathogenesis of aPL-related thrombosis (22, 23, 35-37).
Preliminary experimenta! data showed that sera or IgG fraction
containing aCL induce TF-like pro-coagulent activity in
endothelial cell (38, 39) or PBMC (40, 41). We and cthers
demonstrated the up-regulation of TF pathway in patients with
APS {35, 42, 43). Patients with APS have a pro-thrombotic
stale as evidenced by elevated basal thrombin generation {37,
44). Increased TF expression en endothelial cell or monocytes
induced by aPL could, in part, be responsible for the hyper-
coagulability and explain the existence of thrombosig in both
the arterial and venous circulation that characlerizes those
patients.

Cn the other hand, only a few data have been published
regarding the intraceliular pathway in aPL-induced expression
of TF or other pro-coagulant substances. We screened gene
expression of molecules involved in signal transmission in
aCL/BGPl-induced TF expression vsing cDNA array system
and demonstrated the significance of the p38 milcgen-
activated protein kinase (MAPK) phosphorylation procedure
in such cell activation.

Methods

Isolation and preparation of cells

Venous blood was collected in heparin {from healthy donors.
PBMCs were isolaled on Ficoll-Pague plus® gradient centri-
fugation (Amersham Bicsciences Corp., Piscataway, NJ,
USA}. PBEMCs were washed with RPMI-1640 medium (Sigma
Chemical Co., St Louis, MO, USA) supplemented with 10%
FCS (GIBCO BRL, Paisley, UK) containing penicillin and
streptornyein (RPMI-10 medium) once at 20°C, 400 x g, for
5 min and twice at 4°C, 400 X g, for 5 min. PBMCs were then

re-suspended in RPMI-10 medium and counted using the try-
pan blue dye exclusion method. Murine RAW264.7 (American
Type Culture Collection registration no. #TIB-71) monocytes
were maintained in a 5% CO, atmosphere at 37°C in DMEM
(GIBCO BRL) supplemented with 10% FCS containing penicil-
lin and streptomycin.

Proteins

Human B;GPI was purified from norma! sera, as described
(11), and the purity was confirmed using SDSF. Fatty acid-free
BSA was oblained from Sigma-Aldrich Inc. (A-6002; St Louss,
MO, USA). Two human IgM monoclonal aCL/p:GPI (EY2CS
and TM1G2) and cne control monoclonal IgM lacking aCL/
p.GPY activity {TM1BS) were used in this study. EY2C9 and
TM1G2 are Igh class human monoclonal aCL/B,GFi estab-
lished from APS patients with high titers of aCL/B2GPI (45). The
characteristic of EY2C9 and TM1G2 is that these are mAbs that
bing to the cardiolipin-p2GPI complex but not to ca-diclipin
alone (45). In the absence cf cardiolipin, they do not recognize
B2GPI immabitized on the plain ELISA plate, but do bind to
f,GFl coated on an oxidized ELISA plate. The epitope
mapping by phage-displayed peptide library demonstrated
W238 in the fourth domain of PGPl as a key amino acid residue
at the epitopic center (46). Thereiore, we consider that these
mAbs represent autcimmune aCL/B.GPI found in patients with
APS. Tne mAbs, when purified from serum-free medium
culture supernatant, showed a single band on SDSP. LFS
were intensively removed from these antibody preparations
with DetoxiGel® (Pierce, Rockiord, IL, USA) and were not
detected using the Limulus amebocyle lysaie assay (Limulus
ES-1| Single Test Wako: Wako, Osaka, Japan).

ANA extraction and cONA array analysis

Total RNAs were isolated from PBMC or RAWZ84.7 using
TRIzol® reagent (Invitrogen, Carlsbad, CA, USA), and stored at
—80°C until use. Poly(A) RNA was isolated from total RNA (100
ng) using a MagExtracter® (TOYOBO, Oseka, Japan), and
poly(A) RNA (2 pg) was reverse transcribed by ReverTraAce
(TOYOBQ) in the presence of cDNA synthesis primers ang
biotin-16-deoxyuridine triphosphate (TOYOBO), according to
the manufacturer's instructions. cDNA array analysis wasg
performed using human ¢DNA expression filters [Human
Immunalegy Filters (TOYOBO), on which 621 species of
human cDNA fragments and housekeeping genes were
duplicately spotted]. Genes on the fiter are shown on the
web sile htip:/fwww.toyobo.co jp/seihin/xr/product/genenavif
genenavigator.html, Hybridization and subseguent cDNA
array anzlyses were done as descrived (47), but with some
modification. Briefly, cDNA array fillers were pre-hybridized
with PerfectHyb® salution (TOYOBQ), and then hybricized with
a biotin-labeled ¢cDNA probe overnight at 68°C. After washing
under high-stringency conditions, specific signals on the fiters
were visualized using Phototope-Star Detection Kits {New
England Biolabs, Beverly, MA, USA), according to the
manufacturer's recommendation. Fluorescence signals for
mRNA expression levels were obtained using & Fluor-S
Multiimager system {Nippen Bio-Rad Laboratories, Tokyo,
Japan) and intensity of the signals was determined using
ImaGene 4.2 soltware (BioDiscovery, Los Angeles, CA, USA).
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Glyceraldehyde-3-phosphete  dehydrogenase  (GAPDH)
mANA was used as an internal control to normalize the mRNA
abundance. The signal intensity ameng filters was comparedin
an E-Gene Navigator Anzalysis (GeneticLab, Sapporo, Japan)
and expressed as mRNA expression index 10 the intensity of
the internal GAPDH gene.

Quantitative TagMan real-time PCR

Rezl-time PCR ampiification and determingtion were done
using the ABI PRISM 7000% Sequerne Detection System
(Applied Biosystems, Foster City, CA, USA) and gene-specitic
sets of TagMan Universal PCR Master Mix® and Assays-
on-Demand® Gene Expression probes (Applied Biosystems).
A standard curve for serial dilutions of GAPDH was generated
using a standard method provided by the manutacturer
(Applied Biosystems), and was used to determine the
amounts of cONA transcripts.

Western biot analyses

For western blot analysis of p38 phesphorylation and nuclear
nuclezar factor xB (NF-xB) translocation, PBMC or RAW264.7
cells were treated with monoclonal aCL/fGPI (10 pgmi~ "} or
control mAb in the presencefabsence of B2GP (50 pg mi~'1in
serum-free medium, or 10% FCS medium at 37°C, followed by
a prepareation of cytosolic and nuclear proteins using a pro-
teome extraction kit (Merck, Darmstadt, Germany). The cell
lysates were resolved on 10% SDSP gel and then transferred to
polyvinylidene fluoride membranes (Millipore, Billerica, MA,
USA). The membranes were blocked with PBS containing 5%
non-fat dry mitk (Nestle USA, Inc., Sclon, OH, USA) and 0.1%
Tween-PBS buffer for 1 h, and probed withthe rabbit pelyclonal
anti-phospho-MAPK antibody using a Phospho-MAPK family
antibody sampler kit (Cell Signating Technology, Inc., Beverly,
MA, USA) cvernight at 4°C. For some experiments, the blots
were stripped and re-probed with polyclonal anti-MAPK
antibody that recognizes both activated and non-activaied
MAPK proteins using an MAPK family antibody sampler kit (Cell
Signaling Technology, In¢.). After three washes in 0.1% Tween~
PES bulfer, the membranes were exposed to HRP-conjugated
goat anti-rabbit antibodies at room temperature. Immunoreact-
ive proteins were visualized using enhanced chemilumines-
cence assay (Amersham Biosciences Corp.). For analysis of
NF-xB, nuclear lysates from the stimulated cells were blotted
and reacted with an anti-NF-xB antibody (Santa Cruz Eio-
technolegy, Inc., Santa Cruz, CA, USA), the NF-xB antigen was
visualized in the same fashion. In some experiments, the p38
MAPK inhibitor, SB203580 (Calbiochem, La Jclla, CA, USA),
and the negative control for p38 MAPK inhibiticn studies,
SB202474 (Calbiochem), were dissolved in gimethyl sulfoxide
before addition to the culture medium.

Surfzce staining for FACS analysis

Surface aCL/R-GPI binding on RAW264.7 was analyzed using
FACSCalibur (Becton Dickinson Immunacytometry Systems,
San Jose, CA, USA) with the CellQuest program. The cultured
cells were washed with FACS buffer (2% BSA, 0.1% NaNg and
PBS), and treated with 50 pg mi~* cf ,GPI at room tempera-
ture for 10 min, followed by expesure to EY2C8 or TM1G2
(final concentration, 20 pg mi~") for 30 min on ice. Ater
washing twice with FACS bufier, cells were stained with FITC-

P38 and anti-phospholipid antibodies 1635

conjugated goat anti-human IgG/IgM antibody (Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA, USA)
for 30 min on ice. After further two washes with FACS buffer,
cells were subjected to FACS analysis. For each sample, data
from 10 000 volume-gated viable cells were collected.

Results

Identification of monocional aCL/B,GPI antibody-inducible
genes

The effect of moncclonal aCL/B.GPIl on PBMC was screened
utiizing cONA arrays and mRNA expression of genes
associated with the human immune system, including tran-
scription factors, effector molecules and cytokines shown in
Fig. 1. As a whole, the most increased mRNA expression by
aCL/p,GPI treatment in cell signaling was delected in 2-h
incubated cells (Fig. 1A). In the 2-h cDNA array anzlysis in
PBMC exposed to EY2C9 and control IgM, mRNA related to
MAPK pathway such as p38 regulated/activated protein
kinase, TNF receptor-associaled factor 6 {TRAF8), Sp-1,
SAPK4 (p385) and MAPK-activated protein kinase (MAP-
KAPK)-3 increased >2-fold in EY2CS-treated cells compared
with those treated with control IgM (Fig. 1A and Fig. 1B, left}. In
contrast, the expression of other signaling pathway molecules
(Fig. 1B, right), such as tyrosine kinase, protein kinase C and
Akt kinzses, increased <2-fold. The expression of pro-
inflammatory cytokine genes such as TNF-¢ and IL-1p, known
10 be regulated by the MAPK pathway, were enhanced up to
2- to 4-fold in the cDNA array {Fig. 1C). To confirm the results
of cDNA array screening and previously reported TF mRNA
expression by stimulation of aCL/B:GPI, a real-time PCR
method was applied. Both EY2C9 and TM1G2 stimulation
increased TF (Fig. 2A), TNF-a (Fig. 2B) and IL-1§ (Fig. 2C)
mBNA expression. Up-regulated TF mRNA expression was
also detected using real-time PCR in the monocyte cell ling
RAWZ6E4.7 after treatment with EY2CS or TM1G2 (data not
shown).

identification of p38 MAPK phosphorylation as a pathway
of aCL/3,GP! activation

According to the results of cDNA array analysis, some MAPK-
related molecules were up-reguiated in PBMC by stimulation
with 2CL/B2GPI, therefore, we further asked if the ¢cONA array
results were associated with MAPK pathway activation. Non-
phosphorylated forms of MAPKs (total MAPKs) were detected
in unstimulated RAWZ264.7 cells. Cells treated with EY2(9
showed phosphorylation of p38 MAPK, which persisted for
at least 60 min {Fig. 3}. In contrast with ERK and JNK phos-
phorylation by LPS, neither ERK nor JNK pathway was acti-
vated with EY2C9 stimulatien (Fig. 3).

Reduction of p38 MAFK activation in aCL/ :GPl-mediated
up-regulation of TF expression

To elucidzate the role of p38 MAPK in TF mRNA expression, the
effect of p38 MAPK inhibitors on ithe cells stimulated with
monoglonal aCL/B,GPl was examined. The p38-specific
inhibitor, SB203580, entirely hampered p38 MAPK phosphor-
yiation in RAWZ264.7 treated with EY2CS (Fig. 4A), but
SB202474, the inactive analogue of SB203580, did not affect
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Fig. 1. S¢reening of up-regulated genes induced by monoclonal aCL/B,GPl in PEMC: mRNA leve! of genes encoding varicus intraceliular
signaling transcription factors and molecules, PEMCs were stimulated with monoclonal gl aCL/B,GP) (EY2C8) or contro! antibody at 30 pg mi™
for 30 min and 2, 4, € and 12 h. mRNA expression levels were analyzed by cDNA array as described in Methods. A mRNA expression levef of
selected genes encoding mainly those associated with the MAPK pathway. These panels show fold increases in the mRNA expression level in
EY2C9-stimulated cells compared with that in contro! IgM-stimulated cells. Increased mRNA expression was detected in 2-h incubzted cells. B.
Two-hour ¢DNA array analysis. mRNA expression level of selected genes encoding mainly those associated with the MAPK pathway (left panel)
and various other signaling pathways (right pane!). Genes are put in order of mRNA expression levels in each panel. PBMCs were treated with
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stimulated cells. MAPK-refated molecule mRNA expressions are higher than other cell signal transduction molecules. C. mBRNA expression level of
some selected genes encoding cylokines and chemokines. This panel shows fold increases in the mRINA expression level in EY2C9-slimulzted

cells for 2 h compared with that in control IgM-stimutated cells for 2 h.

p38 phosphorylation. Addition of SB203580 1o cells stimulated
with EY2C9 or TM1G2 decreased TF mRNA expression up 10
75% (Fig. 4B).

B2GPI dependency of p38 MAPK phosphoryiation and TF
induction

To evaluate the B;GPI dependency of EY2CY stimulzation, we
eslablished RAWZ284.7 cells adapted 10 serum-free medium
and treated these cells with EY2C9 in the absence/presence of
human BzGPI. In the cells stimulated by EY2C9, p38 MAPK
phosphorylation was observed in the presence of §zGPI either
in serum-free medium or in madium supplemented with 10%
FCS, but there was no apparent effect of this monoclonal aCl/
B2GPlinthe absence of BGPI (Fig. 5A). In addition, NF-xB was
increased in the nuclear fraction after stimulation with EY2C9in
the presence of B,GPI (Fig. 54). Furthermore, EY2C9cr TM1G2
induced RAW264.7 TF mRNA expression in a B,GPI-dependent
manner, whereas [;GPl had little effect on LPS-induced
expression of TF mRNA (Fig. 5B). In FACS znalysis, EY2C9
bound to the cells in the presence of f2GPI, but no binding of
EY2C9 was found inthe absence of B,GPI (data not shown).

Discussion

In the present study, we demonstrated that the p38 MAPK-
dependent signaling pathway participates in aPL-mediated TF
expression. The multi-screening using the cDNA array system
combined with real-time PCR analysis indicated that the MAPK
pathway was related to TF expression when cells were treated
with maonaclonal aCL/B.GPI. We perfermed western blotiing
studies to confirm the result of cDNA array at protein level that
p38 MAPK protein was phosphorylated. The specific p38
MAPK inhibitor decreased TF mRNA expression by aCL/B,GP;
stimulation, suggesting a crucial role of the p38 MAPK pathway
in this system.

The association between aPL and the occurrence of
thrombosis is widely recognized. The effect of aCL in the
inhibition of natural anticoagulant systems, the impairment of
fibrinolytic activity and the direct effect of these antibodies on
cell functions cr injury are some of the proposed mechanisms
to explain the thrombotic tendency of patients with APS.
Endothelial cells, monocytes and activated platelets may be
a predominant target of aCL/B,GP! asscciated with the pro-
coagulant state characteristic of APS,
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Pro-coagulant cell activation, accompanied with TF expres- patients with APS. We showed elevated plasma levels of
sion and TF pathway up-regulation, is one of the key events scluble TF in APS patients (22, 35), and Cuadrado et al. (42)
considered o explain the pathophysiclogy of thrombaosis in reported thal monocytes prepared from APS patients had high
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Fig. 2. Expression of TF, TNF-2 and IL-15 mRNA in PBMCs treated
with monoclonal aCL/B.GP!. PBMCs were stimulated with 10 pg mi™*
monoclonat IgM aCL/B.GP! (EY2C3 or TM1G2) or control IgM antibody
(TM1B@) for 30 min and 2, 4 and & h, mRNA expression of TF (A), TINF-
o (B)and IL-1B (C) were analyzed using real-time PCR as described in
Methods. The maximum increase was observed at 2 h stimulation.
tach column represents the average = SD of three independent
experiments.

TF expression. Tissue tactor pathway inhibitor (TFPI), a physio-
fogical inhibitor of the extrinsic ceagulation sysltem, was &lso
increased in plasma from patients with APS (22), suggesting
up-regulation of TF and TFPI in affected patients. In in vitro
experiments, numerous reports show that the 1gG fraction from
patients with aPL induced pro-coagulant activity on cells (28—
41, 48). Qur previous observation that human monocional
aCL/B2GPI induced TF mRNA and TF activity on PBMC or
endothelium was confirmed by Reverter et al. {23) using the
same mAbs. Apar! from the TF molecule, other pro-ceagulant
substances induced by aPL were extensively investigated. Del

(-} EY2CS control LPS

10° 3¢ 60' 10° 30' 60' 10 3¢ 80

Phospho-p38 —— — -

Total p38 — T mmer— T T T T

Phospho-ERK = ~~ — — =
TolalERK T === =— =0 7 %% - =~

Phospho-JNK

Total JNK

Fig. 3. MAPK phosphorylation in response 1o EY2CS. Mouse mone-
cyte cell line RAWZ264.7 cells were stimulated with EY2C9 or controf
IgM antibody (TMIBS) for 10, 30 and 60 min. MAPK activetion wes
determined by western blot using specilic antibodies against total
P38, -ERK and -JNK/SAPK, and phospho-p38, -ERK and -JNK/SAPK.

Fapa ef @l (24, 49-51) have reporied 2 series of molecules
associated with endothelium activation by aPL in viro, and
other groups (25, 26) have shown adhesion mclecules
expression induced by IgG with aPL activity in witro and
in vivormodels. Thus, it is widely accepted that ePL can induce
the expression of TF or other pro-coagulant substances on
cells in some conditions.

Recently, the signal transduction mechanism has been
explored and associated with the increased expression of pro-
coagulant substances in response to aPL. Dunoyer-Geindre
et al. (52) presented an indirect but essential role of NF-xB
in endothelial cell activation by 2PL. 1gG purified from APS
patients induced the nuclear translocation of NF-xB leading to
the transcription of a large number of genes that have a NF-
kB-responsive element in their promcter. This nuclear trans-
location of NF-xB, at least in part, can explain the increased
expression of TF by endothelial cell.

Protein kinases are key regulators of cellular signaling that
control inflammation, cell differentiation, cell growth and cell
death, and thus have been atiractive targets for the treatment
of neoplasms and inflammatory diseases. p38 MAPK was
originally identified as a target molecule for a protein kinase
inhibitor SB203580, a pyridinyl imidazole derivative which
inhibits the production of pro-inflammatery ¢ytokines. Isoforms
of p38 MAPK are strongly activated by environmental stress or
inflammatory cytokines [for review, see ref. (53)]. MAPK/ERK
kinase (MEK)3 and MEK6, MAPKKs which obtain high spe-
cificity for p38, are activated by several MAPKKKs that be-
come aclive by oxidative stress, ultraviolet irradiation, hypoxia,
ischemia, Gram-negative bacteria-derived LPS (54, 55) or in-
flarnmatory cytokines such as TNF-q, IL-1f3 and IL-18. Accord-
ingly, activation of p38 is considered to be critical for normal
immune responses, and properlies of the p38 pathway in
inflammatory process have been investigated.
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Fig. 4. Effect of p38 irnhibitor on response to monoclonal Igh aCL/
BzCPL A, RAW264.7 cells were treated with EY2C9 or contro! IgM
antibody, in the presence or absence of SB203580 (200 nM) or
SB202474 (200 nM) for 30 min. The phospharylation of p38 was
determined by western blotting. B. RAWZ264.7 cells were trealed with
EY2C9 or TM1G2 or control igh! antibody, in the presence or absence
of SB203580 (200 nM) of SB202474 (200 nM) for 4 h. TF mRNA levels
were determined using real-time PCR and demonstrated fold increzse
of stimulated/unstimulated cells. Each column represents the average
=+ SD of three independent experiments.

Activaton of p38 MAPK increases activities of pro-
inflammatory cytokires, such as TNF-a and IL-1B. Up-
regulation of TNF-o, IL-1B and macrophage inflammatory
protein 33 (MIP3p) was alse found in the present study (Figs
1C and 2B and C). Downstream of activated p38 MAFK,
MAPKAPK-2/3 is a substrate for p38 that undergoes post-
transcriptional regulationof TNF-4. p38 also activates transcrip-
tional faciors such as activating transcriptional factor-2, which
forms a heterodimer with JUN family transcriptional factors and
associales with the activator protein-1 (AP-1)-binding site. After
LPS stimulation of dendritic cells, NHx-termini of histone H3
undergo structural alteration in a p38-dependent pathway,
which resulls in enhancement of accessibility of the cryptic NF-
kB-binding sites {56). The promoter regicn of the TF gere con-
tains two AP-1-binding sites and one NF-kB-binding site, and
these transcription factors are proven required for maximal
induction of TF gene transcription. Moreover, p38 MAPK path-
way has been implicated in the regulation of TF expression in
monocytes, endothelial cells and smooth muscle cells (57-61).
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Fig. 5. B.GPI dependency of monocional aCL/B,GPI stimulation. A.
Serum-iree medium-adapted RAW264.7 were treated with EY2C9 or
control IgM antibody, in the absence/presence of BGPI (50 ug mi™")
or FCS (10%) for 30 min. The phosphorylalion of p38 and nuclear/
cyloplasmic localization of NF-xB were determined by western
blotting. 1, no stimulation. 2, contral {10 pg mi~'). 3, EY2CY (10 pg
mi=*). 4, LPS (20 ng mI™"). B. RAW264.7 were treated with EY2C9,
TM1G2 or contral lgM antibody, in the absence/presence of RGPl (50
pg mi~ "y or FCS (10%) for 4 h. TF mRNA levels were determined using
rez-time PCR and demonstrated fold increase of stimulated/unstimu-
lated cells. Each column represents the average = SD of three
separate experiments.

In the present siudy, we have shown that stimulation by
monoclonal aCL/B,GPl induced phosphorytation of p38,
locational shift of NF-xB into the nucleus and up-regulation in
TF expression. TF expression induced by aCL/B,GPI occurred
only in the presence of B,GPI, suggesting that perturbation of
monocytes by aCL/BzGPI is initiated by interaction between
the cell and the auto-antibedy-bound BGPI. 1t remains to be
determined how aCL/B.GP1 bind B,GPl on the cell surface and
how signal transduction events occur upstream of p38. Using
endothelial cells, Raschi et al. {(62) reported that the dominant
negative construct of TRAFG and that of myeloid differentiation
protein 88 (MyD88) abrogated the NF-xB activation induced
by monoclonal aCL/BGPI as well as that induced by !L-1 or
LPS. They proposed thal aCL/B.GFl react with BzGPI likely
associated 1o a member of the Toll-like receptor (TLR)/IL-1
receptor family. The results of our study are compatible with
this report; firstly, in our cDNA array experiment, the expres-
sion levels of the members of the MyD88 signaling pathway
such as interleukin-1 receplor asscciated kinase 1 (IRAK-1),
TRAFS and IkB kinase o, B and y were up-regulated after
treatment with monoclonal aCL/B-GPI (Fig. 1) and, secondly,
TRAFE activates MEK3 and MEKG which are the kinases
upstream of p38 and JNK via activation of an MAPKKK called
transforming growth factor-p-activated kinase. The ditferent
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