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Fig. 5. Superimpaosed slereo view of gomain IV struclures of X-ray, IV-V inferacled and ‘triple’ mulated models. Three domain Vs of the X-ray
structure, the IV-V mocei and its lriple mutalion were super:mposed using their main-chain atoms, and backbone smooth lines were colorad biue,

red and green. respeclively. Each W23, p'%7 p*

" 193rd, 222na and 2281h residue was also descrbec by the stick modet in the same color

schieme, wilh their residue names and numbers (only V-V mocel) writien in while. The side chains of P and P were ciose to the side chain of

W by hydrophobic interaction.
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Fig. 6. Binding of antibodies lo solic-phase mutant proteins. (A) Bind-
ing of anlibod:es in 30 anti-B2-GPl-positive APS serum samples 1o the
‘friple’ mulant protein was determined, as compared with that lo
controt p2-GP1 in anti-p2-GPI ELISA. (B) Binding of lwo lypical
anlibod:es (lype A and type B) to mulant proleins was determined.
B2-GPI and ils mutant proleins were coaled on a polyoxygenaled piate
and 100-loic diuled anti-B2-GPl antibody-posilive sera were used.

Exposure of W™ by the inter-domain interaction

between IV and V

Location of W23, which was commonly found in all epitopic
structures, was analyzed by making use of molecular
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Fig. 7. Inhibilion of the binding between WB-CAL-1 and p2-GPI
coated on a polyoxygenated surface. B2-GPl was coated on
polyoxygenated piates at a concentration of 10 ug mi™" and the
binding of WB-CAL-1 (1 pg mi™") was lesled in the presence of
inhibitors. The whoie recombinant §2-GPI or the 'tripie’ mutant of p2-
GPI was added as an inhibior in the presence or absence of CL~
liposome. Binding of WB-CAL-1 lo the solid-phase p2-GPl was
detecled using HRP-conjugaled anti-mouse 1gG. Ciosed squares
indicate 32-GP| with CL-liposome and open sguares indicate $2-GPI
without CL. Closed diamonds indicale triple mutant of p2-GPI with CL-
liposome and open diamonds indicale the triple mutant of R2-GPI
withoul CL.

modeling. As shown in Fig. 9, W?* partly located in an inner
region in domain IV was exposed on the domain's outer
surface by electrostatic interaction between domains IVand V,
however, the residue was still hidden by domain V. Locations of
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W2 and P'® in the model of nicked i2-GPI and in the triple-
mutant modsl were sirilar to that in the X-ray structure. Nicked
2-GPl is a proteolytically cleaved form of B2-GPI that is
generated mainly by plasrnin in vitroand in vivo (28). This form
of p2-GPI does not bind to PL surface and loses its function as
a self-antigen (29). The analysis also showed that a structural
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Fig. 8. Binding of ant-32-GPI anlibodies lo soiid-phase "W#% — L
mutant prolein. f2-GPl ancg its rnulant proleins were coaled on
a polyoxygenaled plale. Binding of rmouse or human mAb (1 ug mi™H)
(A} and of antibodies in 30 anli-fi2-GPl-posilive APS sera lo W — L
mutant prolein was delermined. A 100-fold ciluted anti-j2-GPI
anlibody-posilive sera were usec.
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strain can occur by structural obstacles from the interactions
of domain IV and V and from the location of the oligosaccha-
ride attachment site (N**") and it may result in the appearance
of configurational changes in dornain 1V to expose the clusters

to the epitopes.

Structural similarity to the region surrounding WF resicue
in domain IV

Corresponding structures surrounding a tryptophan residue,
e, WP W W and WA in domains |, 11, 11 and 1V,
respectively, were compared (Fig. 10). The cryptic structure in
domain IV was located on two discontinuous loops and
a counterpart similar to the epitopic cluster was partly
observed in domain | but amino acid composition was not
fully complete. In domains Il andt Ill, some amino acid residues
with different features were present in these counterparts for
the epitopic cluster and the locations of the two loops were
relatively different.

Discussion

p2-GPl was first described in 1961 to be a plasma protein (16)
and complete amino acid sequences of human and bovine p2-
GPI were determined by peptide sequencing (18, 19). Later,
nucleotide sequence and deduced amino acid sequence of
human p2-GPl were defined by cDNA cloning from human
liver cells and by sequencing (30, 31). The secondary
structure of p2-GPl was found to be composed of five
homologous motifs, i.e. SCR/ICCP repeats or sushi domains,
which contain highly conserved half-cysteine resiclues, related
lo lhe formation of two internal disulfide bridges. The crystal
structure of human $2-GP! has been reported (20, 21). In the
present study, a model of the domain IV-V complex was

Fig. 9. Location of W™ predicled by moiecular moceiing. A stereoscopic superimposed view of Cx trace of domain IV in the X-ray structure
(biue), he predicled domain V-V modei (red), the V-mulaled mode! (green), or he nicked model (yellow) was shown wilh each structure of

D (V):QSI D (V)’”?‘ E (V)'J?.t'il W?C‘.S and ngA
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8 Epitopes recognized by anti-phospholipid antibodies

1 I

Fig. 10. Struclural similarity of the corresponding region surrounding a tryplophan (W) residue in each coma:n. Ca traces of domains |, 11, Il and IV
(of the domain IV-V rnodel) in solvent phase are showr: as white curves and with disulfide bridges (violet). Amino acid residues which commorly
appeared on at ieast three oul of four epilopic structures (for E1YC3, E1Y2C9, TM1G2 and WB-CAL-1) were superimposed on domain |V. Residues
on dormnaing 1. 1 and It corresponding with the epitopic residues are also incicated in each domain, respectively. Posilive-charged, negalive-
charged, nan-charged hydrophiic and hydrophobic residues are in blue. red, yeliow and green, raspectively.

constructed by considering the crypticity of epitopic struc-
tures recognized by the auto-antibodies, as based on the
elongated crystal structure of $2-GPI, and three inter-domain
electrostatic interactions were observed in the optimized
model (Fig. 3).

aCL bound to the solid-phase CL only in the presence of
a plasma co-factor, i.e. f2-GPI, and the binding was not
prevented in the excessive presence of fluid phase p2-GPI
(8. 9). We also reported that such anti-p2-GP| auto-antibodies
could bind to $2-GPI adsorbed on a polyoxygenated but not
on a plain plate (10). Use of deletion mutant proteins indicated
that domain IV was dominantly involved in expression of such
epitopes and exposure of the epitopes was atiributed to lack
of domain V (11). Allthese data led to the hypothesis that such
epitopes might be cryptic and locate on a hidden side of
domain IV. We identified the structure of the cryptic epitopes
recognized by human and mouse anti-B2-GP1 auto-antibodies
by making use of epitope mapping and phage libraries in the
domain IV structure optimized from its crystal structure. in our
B2-GPI model, all the antigenic amino acid clusters for the
auto-antibodies mainly consisted of hydrophobic amino acids
and were located on two discontinuous sequences in domain
IV (Fig. 2). We also noted that it was able to construct a stable
conformation of the domain IV-V complex, in which these
regions of domain IV were partly on the inner side of the
complex and were structurally hidden by overlying domain V
(Fig. 3). In contrast, all epitopes specific for non-pathogenic
mouse anti-human p2-GPI mAbs, such as Cof-18, Cof-20 and
Cof-21, are located on the outer side of individual domains
(Fig. 1).

The amino acid W?*3 was non-exceptionally utilized to form
those antigenic structures for anti-B2-GPl auto-antibodies
(Fig. 2). As shown in Fig. 7, L replacement of W23 significantly
reduced antigenicity for either EY2C9, WB-CAL-1, and anti-
bodies in 30 tested anti-f2-GP! antibody-positive serum
samples. Thus, cryptic epitopes in domain IV might be
recognized by the major population of anti-p2-GPI antibodies
derived from APS and epitope spreading may occur around

l v

the Wresidue. This hypothesis is also supported by the data in
the study that replacement of a single amino acid at position
247, which is important for the interaction between domain IV
and V, can alter the antigenicity of i{2-GPI for pathogenic auto-
antibodies, and also can be a risk factor for APS (32, 33).

In contrast, other research groups reported the presence of
anti-g2-GP1 auto-antibodies directed to domain V (12) or
domain | (13), indicating that anti-B2-GPI auto-antibodies still
seern to be heterogeneous. In 1996, we first indicated another
possible epitopic location of domain | as well as domain 1V (11)
and as shown in Fig. 10, a similar structure to epitopic clusters
located in domain IV was also found in domain |, albeit not fully
complete. So, such auto-antibodies from APS may cross-react
with the mimic structure in domain | but exact characterization
will need to be done. According to the study done by de Laat
et al. (34), two of three mutant p2-GPI which bear single amino
acid mutation in domain | had reduced reactivity to 1gGs from
APS patients, indicating the importance of domain | for the
binding of anti-p2-GP!I antibodies. According to our inhibition
ELISA, the mutation of three amino acids which are predicted
to be critical for the interaction between domain IV and V of p2-
GPI completely lost the inhibitory function found in native p2-
GPIl in the presence of CL-liposome. This result implies that
exposure of the epitopes induced by the domain V-V
interaction in the presence of a negatively charged surface
is critical for the binding of WB-CAL-1 (Fig. 7). Discrepancy in
the results from these two different studies may indicate the
heterogeneity of anti-$2-GPI antibodies, or structural similarity
between the candidative epitopes predicted in domain | and
IV (Fig. 10).

Cryptic epitopes that appear in the structure of domain IV
were conformationally or configurationally altered by PL
binding via the particular binding patch in domain V. The key
amino acid residue W2 at the epitopic center was located
in the inner region in domain IV of the crystal structure of
the nicked $2-GPI model, and the B2-GP} model of the three
V-replaced the B2-GPI mocdlel; however, we considered that
the residue was exposed to the outer surface of the domain 1V
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molecule via the three electrostatic interactions. Further,
a structural strain possibly occurs by PL binding to the patch
which may resull in configuralional changes in domain |V via
the structural obstacles from the domain V-V interaction and
from the oligosaccharide attachment site N7,

The arlificial triple mutation on of three specific electrostalic
interactions between domains IV and V resulted in reduced
antibody binding to the antigenic protein $2-GPI (Figs 3, 6
and 7). Thus, the constructed p2-GPl model and results from
binding experiments indicated that domain V interacts with
domain IV via these three specific electrostatic interactions
and that these interactions are essential for expression of
a group of cryptic epitopes in domain V. These three
electrostatic interactions between domain 1V and V could
contribute to the encrypting by covering W2, the center
resiclue of cryptic epitopes on domain 1V, from the solvent
phase and auto-antibody binding. Breaking of these inter-
actions by mutations cause the de-encrypting by exposing the
W resiclue to the solvent phase. and cryptic epitopes with
W23 would be placed to the positions where they can bind to
auto-antibodies. In contrast, our present study also indicated
that there is another novel group of antigenic structures
recognized by anti-B2-GP! auto-antibodies, which appeared
only by the triple mutation in these in vitro systems (Fig. 6).
Thus, cryptic epitopes which locate in domain 1V would also be
heterogeneous and at least two kinds of antibody populations
would be present in APS patients. We entertained the notion
that both populations of antiboclies may be in close proximity
with domain V yet be hidden. These electrostatic interactions
linking clomains 1V and V may regulate the appcarance of both
types of cryptic epitopes closely located in domain V. The
core of the lysing-rich region of domain V scems to be
constructed by K2 K84 K28 K287 K398 and K*'7 because
of density of lysine on the molecular surface of the X-ray
structure. By assuming that this core region could be strongly
interacting with anionic PLs, K26, K#°0 and K*"® would not be
affected by the binding of PLs, and it is also suggested that
dorain V combines with domain IV by the contact surface
different from PLs.

In addition, a solution structure of this protein was reported
by small-angle X-ray scattering (35) that the total conformation
would be S shaped and had no direct interaction between
domains IV and V. It was reliable as a total shape in the
experimental solution. However, some oligosaccharide chains
had been employed to compensate the moieties which could
not be constructed by protein atoms, although each chain
length was not measured correctly in the report.

In contrast, our model had been considered no oligosac-
charide chain. The attachment of an oligosaccharide chain to
the N#* side chain would not disturb the overlying of domain
IV by domain V because the N side chain could have the
opposite direction to the core of the cryptic epitope, the W#*
sicle chain, on the same B-sheet conformation. it is necessary
to get more information on the oligosaccharide chains to
obtain the accurate structure.

It is absolutely true that dimerization of the protein increases
the avidity to antibodies but the possibility that the interaction
between PL and the protein creates a neoepitope also
remains. Critical observation to support the latter idea is that
even the triple mutant had a similar PL-binding property, and
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the auto-antibody did not bind the mutant protein in the
presence of PL. Thus, the interaction model between domains
IV-V may be essential to expose the suitable structure for
antibody binding. Antigenic structures which are recognized
by different pathogenic anti-B2-GPI antibodies are not
identical, even though they were found to be in a particular
region on the inner side of domain IV of the 2-GPl molecule.
Such responsiveness of antibodies to related multiple epi-
topes may indicate that intra-molecular epitope spreading
may have occurred following initiation by a single epitope on
the p2-GPI molecule. Although the majority of clinical mani-
festations associated with anti-p2-GPl antibodies is vas-
cular occlusions by thrombosis either in vein or in arteries,
symptomatic heterogeneity still exists in this syndrome.
Establishment of clinical manifestations may depend on
epitope spreading and specificity of anti-B2-GP1 antibodies
in each patient. The occurrence of epitope spreacing and
whelher il contributes significanlly to disease pathogenesis is
potentially a key issue in designing antigen-directed thera-
peutics. Epitope mapping and the protein model we used may
lead to identification of ctitical elements related to disease
progression.
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Abbreviations

aCls anli-cargiolipin anlibodies

APS anli-phosphoiipid syndrome
p2-GPI p2-glycoprotein |

ccp compiernent control prolein repeat
CL cardiolipin

PL phosphoiipid

I.M.S. root mean square

SCR shorl consensus repeat

T8S Tris-buffered saiine

References

—

Harris, E. N., Gharavi, A. E. and Hughes, G. R. 1985. Anli-

phospholipid antibodies. Clin. Rheurn. Dis. 11:591.

Hughes, G. R., Harris, E. N. and Gharavi, A. E. 1986. The

anticarciofipin syndrome. J. Rheumalol. 13:486.

3 McNeil, H. P, Cheslerman, C. N. and Krilis, S. A 1991
immunoiogy and clinical importance of antiphosphoiipid ant:-
bocies. Adv. Immunol. 49:193.

4 Harris, E. N., Gharavi, A. E., Boey, M. L. et al. 1983. Anticardiolipin
antibodies: delection by radioimmunoassay and association with
thrombosts in systemic lupus erythemalosus. Lancel 2:1211.

5 Feinstein, D. I. and Rapaport, S. 1. 1972, Acquired inhibilors of
blooc coagutalion. Prog. Hemost. Thromb. 1:75.

6 McNeil, H. P., Simpson, R. J., Chesterman, C. N. and Krilis, S. A,

1990. Anli-phospholipid antibodies are direcled against a complex

anligen that incluces a lipid-binding inhibitor of coaguialion: 2-

glycoprotein | (apoiipoprotein H). Proc. Nall Acad. Sci., USA

87:4120.

Galli, M., Comlfur:us, P., Maassen, C. ef al 1990. Anticardiolipin

anlibodies (ACA) direcled nol lo cardiolipin bul 1o a plasma protein

cofactor. Lancet 335:1544.

Ny

-~

— 439 —



10 Epitopes recognized by anti-phospholipid antibodies

2

8 Matsuura, E., lgarashi, Y., Fujimolo, M., [chikawa, K. and Koike, T.

e

1990. Anlicardiolpin colactor(s) and differential ¢giagnosis of
auloimmune cisease. Lancel 336:177.

Malsuura, E., Igarashi, Y., Fujirnolo, M. ef al. 1992. Helerogeneity of
anticardiolipin antibodies defined by the anticardiofipin cofactor.
J. Immunol. 148:3885.

Malsuura, E.. lgarashi, Y., Yasuca, T, Tripleti, D. A. and Koike, T.
1994. Anticardiolipin aniibocies recognize B2-giycoprolein |
struclure allered by interacting witn an oxygen modified solid
phase surface. J. Exp. Med. 179.457.

Igarashi, M., Malsuura, k.. Igarashi, Y. el al. 1996. Human f2-
giycoprolein | as an anticardiolipin cofaclor delermined using
mulants expressed by a baculovirus system. Blood 87:3262.
Wang, M. X., Kandiah, D. A.. Ichikawa, K. ef al. 1995, Epitope
specificity of monocional anti-2-glycoprolein | antihodies derived
from patients wilth the anliphospholipid syndrome. J. Immunaol.
155:1629.

lverson, G. M., Vicloria, E. J. and Marquis, D. M. 1998, Anti-f}2
giyeoprotein | (f2GPI) auloaniibodies recognize an epitope on the
first domain of B2GPI. Proc. Natl Acad. Sci. USA 95:15542.
Roubey, R. A. 1996. Immunology of the antiphospholipid antibocy
syndrome. Arihritis Bhieurn. 39: 1444,

Sheng, Y., Kandiah, D. A. and Krilis, S. A, 1998. Anii-
p2-glycopmtein | autoantinodies from patients with the ‘antiphos-
pholipid’ syndrome bing 1o B2-glycoprotein | with low affinity:
dimerizatlion of p2-glycogrotein | induces a sigrificanl increase in
ant-p2-glycoprotein | antibody affinky. J. Immunol. 161.2038.
Schuitze, H. E., Heide, K. and Haupt, H. 1961. Uber ein bisher
ubekannies niedermoiekulars p2-Giobuiin des Hamanserums.
Naturwissenschaften 48:719.

Bendixen. E., Halkier, T., Magnusson, S., Soltrup-Jensen, L. and
Kristensen, T 1992, Compiete primary structure of bovine [32-
glycoprotein 11 localization of the disultide bridges. Biochemistry
31:3611.

Lozier, J., Takahashi, N. and Putnam, F. W. 1984. Complete amino
acid sequence of human plasma bela 2-glycoprolein I. Proc. Nall
Acad. Sci. USA 81:3640.

Kalo, H. and Enjyoji, K. 1991, Amino acid sequence and localion of
the disulfide Lionds in hovine B2 glycoprotein |: the presence of five
Sushi domains. Biochemistry 30:11687.

Malsuura, E., Igarashi, M., lgarashi, Y. ef al. 1991. Molecuiar
definitiors of human R2-giycoprotein | ((2-GP1) by cDNA cioning
and inter-species differences of 2-GPI in alternation of anki-
cardiolipin binding. /nt. immunol. 3:1217.

Bouma, B., de Groot, P. G.. van den Elsen, J. M. el al. 1999.
Adhesion mechanism of human B2-glycoprotein | to phospholipids
based on is crystal structure. EMBO J. 18.5166.

o
DS

N
95}

24

26

27

jo)
&

Schwarzenbacher, R.. Zeth, K., Diedgerichs, K. el al. 1999, Crystal
structure of human f2-glycoprolen | implications for phospholipid
binding and the anliphosphoiipid syndrome. EMBO J. 18:6228.
lctrkawa, K., Khamashia, M. A.. Koke, T. Malsuuwra, €. and
Hughes, G. R. 1994, 2-Giycoprolein | reactivity of monocional
anbcardioipin antibocies from palienls with the antiphosphotipid
syncrome. Arihritis Rheumn. 37.1453.

Hashimolo, Y., Kawamura, M., ichikawa, K. el al. 1992, Anti-
cardwolipin antibodies in NZW X BXSB F1 mice. A model of
antiphosphotpid syndrome. J. Immunol .149:1063.

Takeya, H., Mori, T, Gabazza, £ C. et al 1997. Anti-
p2-giycoprotein 1 (B2GPl) monocional antibodies with lupus
anticoagulant-ike aclivity enhance lhe beta2GPl binding to
phospholipids. J. Clin. Invesl. 99:2260.

Brooks, B. R., Bruccoleri, R. E., Olalson, B. D. and Slales, D. ..
1083. CHARMm: a program for macromolecuiar energy, minimi-
zation, and dynamics calculations. J. Comp. Chem. 4:187.
Carison, W., Karplus, M. and Haber, E. 1985. Conslruction of
a modet for the three-dimensional structure of human renal renin.
Hypertension 7:13.

Hunt, J. E., Sirmpson, B. J. and Krilis, S. A. 1993. Identitication of a
region of [i2-giycoprolein | critical for Iipid binding and anti-cargio-
fipin anlibody cofaclor activily, Proc. Natl Acad. Sci. UUSA90:2141.
Malsuura, E., Inagaki, J., Kasahara, H. et al 2000. Proteolylic
cleavage of p2-glycoprolein | reduclion of antigenicily and the
struclural relationship. Inf. Immunoi. 12:1183.

Steinkasserer, A., Eslaller, C., Weiss, E. H., Sim, R. B. and Day, A. J.
1991. Compiete nucieolide and daduced amino acid seauence of
human p2-giycoprolein |. Biochemistry J. 277:387.

Mehdi, H.. Nunn, M., Steel, D. M. et al. 1991, Nucleolide seauence
and expression of the human gene encoding apol:poprotein H (R2-
glycapiolein 1). Gene 108:293.

Alsumi, T, Tsulsumi, A, Amengual, O. el al. 1999. Corretation
belween p2-glycoprolein | valinefieucine247 polymorphism and
anfi-pe-glycoprotein | antibodies in patents wilh primary ant-
phospholipid syndrome. Rheurnalofogy (Oxford) 38:721.,

3 Yasuda, S.. Alsumi, T. Matsuura, E. el al. 2005. Signiticance of

valinefleucing®’ poiymorphism of 2-giycoprolein | in antiphos-
pholipid syncrome: increased reactivily of anti-f2-giycoprolein |
auloantibodhes 1o the valine®™’ B2-glycoprolein | varianl. Arifiilis
Ahewum. 52:212.

de Laal, B., Derksen, B. H., Urbanus, RT., de Grool, PG. 2005.
I6G antibodies that recognize epitope Giy40-Arg43 in domain | of
f2-giycoprotein 1 cause LAC, and their presence corrgiales
slrongly with thrombosis. Blood 15:1540.

Hammel, M., Kriechbaum, M., Gries, A., Kostner. G.M., Laggner,
P.. Prassl, R. 2002. Soiution sltructure of human and bovine f32-
glycopralein | revealed by smaii-angle X-ray scattering. J. Mol.
Biol. 321.85.

— 440 —



Available online at www.sciencedirect.com

scmucs@nmscr- Immun0b101og}7

Immunobiology 210 (2005) 775-780

o

www clsevier.de imbio
REVIEW

Pathogenesis of antiphospholipid antibodies: impairment of fibrinolysis and
monocyte activation via the p38 mitogen-activated protein kinase pathway

Shinsuke Yasuda™, Miyuki Bohgaki, Tatsuya Atsumi, Takao Koike

Department of Medicine 11, Hokkaido University School of Medicine, N-15 W-7, Kita-ku, Sappore 060-8648, Jupan

Received 30 July 2005; accepted 30 August 2005

Abstract

Antiphospholipid syndrome (APS) is characterized by recurrent thrombosis or pregnancy morbidity associated
with antiphospholipid antibodies (aPL). Impaired fibrinolysis is a contributing factor for the development
of thrombosis, and the effect of aPL in the fibrinolytic system has been investigated. Impaired release of tPA
and enhanced release of PAI-1 after endothelial activation is reported in patients with APS. Elevated Lipoprotein
(a) levels have been found in APS, which results in inhibition of fibrinolytic activity. Phospholipid-bound
fo-glycoprotein I (f,GPI) is a major autoantigen for aPLs. f,GPI exerts both anti-coagulant and pro-
coagulant properties mainly by interacting with other phospholipid-binding proteins such as coagulation
factors and protein C. Dramatic increase in the affinity of ffoGPI to the cell surface is induced by binding of
pathogenic anti-f}oGPI antibodies, which may modify the physiological function of f,GPI and may affect the
coagulation/fibrinolysis balance on the cell surface. Using-chromogenic assays for measuring fibrinolytic activity, we
demonstrated that addition of monoclonal anticardiolipin antibody (aCL) decreases the activity of extrinsic/intrinsic
fibrinolysis. Significantly lower activity of intrinsic fibrinolysis was also demonstrated in the euglobulin fractions from
APS patients.

Endothelial cells and monocytes are activated by aPLs in vitro. resulting in production of tissue factor (TF).
a major initiator of the coagulation system. Recently. aPLs are reported to induce thrombocytes to
produce thromboxane. The importance of apoE receptor 2 on platelets for the binding of artificially dimerized
f2GPI was suggested. By investigating aPL-inducible genes in peripheral blood mononuclear cells, we found that
the mitogen-activated protein kinase (MAPK) pathway was up-regulated. Using a monocyte cell line. phosphory-
lation of p38 MAPK. NF-«xB translocation to the nuclear fraction, and up-regulated TF mRNA expression
were demonstrated after treatment with monoclonal aCL. These phenomena were observed only in the presence
of p2GPL. Moreover. a specific p38 MAPK inihibitor SB203580 decreased aCL/$2GPIl-induced TF mRNA
expression.

Thus, aCL/#,GPI plays dual roles in the pathogenesis of APS. firstly by deranging the fibrinolytic system and
secondly by activating monocytes. endothelial cells and thrombocytes to produce TF or thromboxane.

:C1 2005 Elsevier GmbH. All rights reserved.
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Introduction

Antiphospholipid syndrome (APS) is a clinical con-
dition characterized by recurrent arterial/venous throm-
bosis or pregnancy morbidity associated with
antiphospholipid antibodies (aPL). These autoantibo-
dies are not only markers of APS, but are also believed
to play pathogenic roles in the development of
symptoms in patients with APS (Pierangeli et al.. 1996;
Tsutsumi et al.. 1996). The mechanism of aPL-induced
thrombosis is not fully understood. although many
discoveries have been made in these two decades.
Impairment of fibrinolysis or acceleration of the
coagulation system induced by aPL has been studied
as the *“classic™ mechanism. Then, importance of
premature atherosclerosis accelerated by aPL has been
demonstrated in vitro and in vivo (George et al.. 2000;
Matsuura et al.. 2002). Recently, activation of endothe-
lial cells or other cell types has been focused on by many
investigators. In addition, importance of complement
system activation in pregnancy morbidity is also
reported (Girardi et al.. 2003). Thus, aPLs presumably
induce thrombosis or pregnancy morbodity via multiple
mechanisms. In this review, we focus on impairment of
fibrinolysis and cell activation which are induced by
aPL.

Impaired fibrinolysis

Impaired fibrinolysis is 4 contributing factor for the
development of thrombosis. and the effect of aPL in the
fibrinolytic system has been investigated. In patients
with connective tissue diseases including APS. plasmi-
nogen activator inhibitor-1 (PAI-1) release after en-
dothelial activation was greatly enhanced compared
with healthy controls. but no difference was found in
tissue plasminogen activator (tPA) release (Jurado et al..
1992). Impaired release of tPA and enhanced release of
PAI-1 after endothelial activation suggests that {PA/
PAI-1 balance is important in the development of
thrombosis in APS (Ames et al.. 1996). Elevated levels
of lipoprotein (a) [Lp(a)] have been reported in APS
patients (Atsumi et al.. 1998). Lp(a) contains different
numbers of kringle domains that interact with fibrino-
gen and inhibits fibrinolytic activity by inhibiting {PA

uncompetitively. Lp(a) also increases PAI-1 expression
in endothelial cells.

In patients with APS, pathogenic aPL are not directed
against phospholipid itself, but against phospholipid-
binding proteins, such as f,-glycoprotein 1 ($,GPI),
prothrombin, annexin V, protein C or protein S. Among
these, phospholipid-bound f,GPI is one of the major
target antigens for aPLs present in patients with APS
(McNeil et al.. 1990; Galli et al.. 1990; Matsuura et al..
1990). £,GPI, also known as apolipoprotein H. is a 50-
kDa phospholipid-binding protein present in plasma at
an approximate concentration of 200 ug/ml, and has
been recognized as a natural anti-coagulant because
f32GPI inhibits prothrombinase and tenase function,
factor XII activation and ADP-dependent activation of
platelets (Nimpf et al. 1986. 1985; Schousboe and
Rasmussen. 1995). Recently, f2GPI has been shown to
bind directly to factor XI and attenuate its activation
(Shi et al.. 2004). However, individuals with f.GPI
deficiency do not have a thrombotic tendency, thus
anticardiolipin  antibody  (aCL)/f,GPI-associated
thrombosis cannot be merely explained by *f,GPI
insufficiency” (Yasuda et al. 2000; Takeuchi et al.
2000). f2GPI also exerts pro-coagulant activities mainly
by inhibition of protein C pathway (Mori et al.. 1996).
Binding of pathogenic anti-f,GPI antibodies increases
the affinity of f-GPI to the cell surface (Takeva et al..
1997). Increased affinity of /2GPI to the membrane may
modify physiological function of $.GPI and may affect
the coagulation/fibrinolysis balance on the cell surface
by interacting with other phospholipids-binding pro-
teins such as coagulation factors and protein C. Using a
chromogenic assay for measurement of extrinsic fibri-
nolysis. we demonstrated that addition of monoclonal
aCL decreases the activity of extrinsic fibrinolysis in the
presence of tPA, plasminogen, fibrin and f.GPI (Icko
ct al.. 2000). We also demonstrated that addition of
monoclonal aCL in the presence of $>GPI decreased
fibrinolytic activity by a newly developed chromogenic
assay for measuring intrinsic fibrinolysis. In this system,
in the presence of phospholipid and plasminogen. kaolin
was added as a stimulator and plusmin generation was
measured using plasmin specific substrate S-2251. When
we measured intrinsic fibrinolysis activity of euglobulin
fractions from APS patients and healthy controls.
significantly lower activity of intrinsic fibrinolysis
was evident in the patient group (Takcuchi et al.
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Fig. 1. Activity of intrinsic fibrinolysis in APS patients. The
intrinsic fibrinolytic activities of euglobulin fractions from
APS patients and healthy controls were measured in the
presence of f.GPI. using kaolin as an activator (Takeuchi
et al., 2000. 2002).

2002y (Fig. 1). These data suggest that impairment of
intrinsic and extrinsic fibrinolysis induced by pathogenic
anti-f2GPI antibodies is one of the mechanisms for
thrombosis in patients with APS.

Cell-activation mechanisms — contribution of
p38 MAPK pathway

Recently, cell-mediated mechanisms have been re-
ported in the formation of thrombosis in patients with
APS. Endothelium is one of the major organs that cover
the inner surface of blood vessels. und its perturbation
or damage has been reported in many disorders.
Inappropriately activated endothelial cells alter their
properties from “‘antithrombotic™ to “pro-thrombotic”.
by producing pro-coagulant substances and allies of
adhesion molecules such as VCAM-1, ICAM-1. E-
selectin, or endothelin~1. Actually. aPL induce tissue
factor (TF) expression on endothelial cells in vitro.
which results in the initiation of the extrinsic coagula-
tion system (Amengual et al. [998: Brunch uand
Rodgers. 1993 Kornberg et al. 1994: Conti et al.
2003). TF is a cofactor for factor VIIa that activates
factor IX and factor X. Then the factors IXu/Xu
complex activates prothrombin to thrombin. Using
endothelial cells. Raschi ¢t al. (2003) reported the
importance of TRAF6 und MyD88 in NF-xB activation
induced by monoclonal aCL in the presence of $-GPL

They proposed that aCL reacts with f.GPI likely
associated to a member of the toll-like receptor/IL-1
receptor family. Annexin A2. alternatively named as
annexin II, also mediates the binding of aCL/$-GPI to
the surface of endothelial cells (Ma et al.. 2000; Zhung
and McCrae. 2005). Annexin A2 is expressed on the
endothelial cell surface and binds to $,GPI with high
affinity. They suggested that cross-linking of the cell-
surface annexin A2 via aCL/f2GPI stimulates activation
of endothelial cells. However. how annexin A2 cross-
linking mediates signal transduction remains unknown.
Toll-like receptor is a candidate as a member of a
multiprotein-signaling complex on the cell surface.
Procoagulant activity of monocytes was reported to be
increased in patients with systemic lupus erythematosus,
although correlation with positive lupus anti-coagulant
was not found (de Prost et al.. 1990). Such procoagulant
activities/TF expression in normal monocytes were
induced by purified IgG from APS patients or aPL
(Martini et al.. 1996). We and others demonstrated the
up-regulation of TF pathway in patients with APS
(Atsumi et al.. 1997; Cuadrado et al.. 1997). Auto-
antibodies against tissue factor pathway inhibitor
(TFPI). which is a Kunitz-type protease inhibitor that
inhibits TF activity by forming a complex with TF.
factor VIIa and Xa, have been detected in APS patients
(Forastiero et al.. 2003). Thus, cell-mediated TF up-
regulation and antibody-mediated TFPI down-regula-
tion work coordinately toward the hyper-coagulable
state. Recently, aPL have been reported to induce
thrombocytes to produce thromboxane in the presence
of subactivating amount of thrombin. Platelets sensi-
tized by aCL/$,GPI showed increased deposition on a
collagen-containing surface. In this study, interaction
between dimmerized f,GPI and apolipoprotein E
receptor 2 (ApoER2) on platelets was reported (Lutters
et al.. 2003). These findings partly explain the patho-
physiology in this syndrome. ‘
In order to address the question how the binding of

-aPL/cofactor to these cell surfaces causes production of

pro-coagulant molecules, we investigated aPL-inducible
genes in peripheral blood mononuclear cells using a
cDNA array system. Two hours after exposure to
EY2C9, a monoclonal IgM class aCL established from
an APS patient. mRNAs related to the mitogen-
activated protein kinase (MAPK) pathway. such as
p38-regulated/activated protein kinase (PRAK). Sp-1.
TNF receptor-associated factor 6 (TRAF6) and SAPK4
(p38d). were increased more than two-fold. TF and
inflammatory cytokines such as TNF-2 und IL-!
expression were also confirmed using real-time PCR
(Bohgaki et al. 2004). Using monocyte cell line
RAW264.7. phosphorylation of p38 MAPK. transloca-
tion of NF-«xB to the nuclear fraction. and expression of
TF mRNA were demonstrated after (reatment with
monoclonal aCL. These phenomena were observed only
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in the presence of S.GPL. Moreover, a specific p38
MAPK inihibitor SB203580 decreased aCL/f-,GPI-
induced TF mRNA expression.

Almost simultaneously. Vega-Ostertag et al. (2004)
treated platelets with aPL and demonstrated increased
phosphorylation of p38 MAPK and production of
thromboxane B2, which was abrogated by SB203580.
F(ab’) fragmenis of purified IgG from patients effec-
tively increased the phosphorylation of p38 MAPK and
calctum-dependent cytosolic phospholipase A, but not
that of ERK-1/2 MAPKs. Recently, the same group
investigated human umbilical endothelial cells (HU-
VECs) in a similar system and have demonstrated the
involvement of p38 MAPK in the up-regulation of TF
(Vega-Ostertag et al.. 2005). This up-regulation was
again inhibited by SB203580, and also by MGI32. a
specific inhibitor for the downstream NF-kB. They also
found that aPL induced HUVECS to express IL-6, IL-8,
and inducible nitric oxide synthase, and that these
processes involve p38 MAPK activation. Thus, the p38
MAPK pathway plays an important role in the aPL-
mediated activation of endothelial cells, monocytes, and

Annexin I
Toll-like receptor

B2GPI Undetermined receptor(s)

platelets, providing a possible therapeutic target in APS.
p38 MAPK isoforms are activated by environmental
stress such as oxidative stress, UV irradiation. hypoxia,
ischemia. Gram-negative bacteria-derived LPS. or in-
flammatory cytokines such as TNF-z, IL-18, and IL-18.
Activation of p38 MAPK induces proinflammatory
cytokines, such as TNF-2 and IL-1B resulting in
enhancement of inflammatory reaction. Following p38
MAPK phosphorylation, transcriptional factors such as
activating transcriptional factor-2 (ATF2) are activated,
which form a heterodimer with Jun family franscrip-
tional factors and associates with the activator protein-1
(AP-1) binding site. NH-termini of histone H3 under-
goes structural alteration in a p38-dependent pathway
after LPS stimulation, which results in enhancement of
accessibility of the cryptic NF-xB binding sites (Saccani
et al. 2002). The promoter region of the TF gene
contains two AP-1 binding sites and one NF-«B binding
site, and these transcription factors are proven required
for maximal induction of TF gene transcription.
Proposed mechanisms of cell activation induced by
aPL are illustrated in Fig. 2.

aCL
O X aCL /32GPI
i
R A Y -
o %o © AN AN Ay
£ © Tl
aCL /B2GPI
38MAPK
translocation
TF < cPLA2
\ , TXB2
. N IL-1 e
ECs o TNF« p -~
monocytes platelets

adhesion molecules

Fig. 2. Proposed function of antiphospholipid antibodies on endothelial cells. monocytes. or platelels. f2GPI. ffa-glycoprotein I
aCL. anticardiolipin antibody: p. phosphorylation: EC. endothelial cell: TF. tissue factor: ApoE2R, apolipoprotein E receptor 2:
cPLA-. calcium-dependent cytosolic phospholipae Aa: TXB,. thromboxane Bs.
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Thus, it would be reasonable as a choice for the
treatment of APS, to suppress p38 MAPK activation
using its inhibitors. In murine models. administration of
SB203580 was beneficial for endotoxin-induced shock
and collagen-induced arthritis. Several other inhibitors
for p38 MAPK have been developed and some of these
inhibitors were tested in clinical trials. For example,
BIRB796 inhibited LPS-induced coagulation activation,
as measured by plasma concentrations of the prothrom-
bin fragment FI+2, during human endotoxemia
(Branger et al.. 2003). RWI67657 inhibited TNF-2, IL-
8, and IL-6 in human without significant adverse effects
(Faas et al.. 2002). Although expression of p38 MAPK
is relatively ubiquitous and p38 MAPK also activates
anti-inflammatory IL-10 and tumor-suppressive p53,
p38 MAPK suppression is an attractive choice of
treatment in the future. At the same time, hunting for
more specific treatment targets would be favorable. The
mechanisms are not fully understood how aCL/$,GPI
binds to the cell surface and how signal transduction
events occur upstream of p38 MAPK in monocytes,
which are a major producer of TF, although ApoER2
on platelets and toll-like receptor or annexin II on
endothelial cells are proposed as “ligands” for f/oGPL

Conclusion

aCL/f2GPI plays multiple roles in the pathogenesis of
thromboses found in APS, firstly by deranging the
fibrinolytic system, secondly by accelerating athero-
sclerosis, and lastly by activating monocytes. endothelial
cells and thrombocytes to produce TF or thromboxane.
To date. anti-platelet agents or anti-coagulants are
utilized to prevent the recurrence of thrombosis in
patients with APS. However, because of the difference
of bioavailability among patients or of adverse effects,
more specific therapy would be desirable. Understand-
ing the interaction between aPL and cell surface and
following signaling events will provide tools for devel-
oping novel therapies in patients with APS.
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Abstract. Sato N, Kamata T, Akiyama N, Kuwana
M, Kanda T (Tokyo Metropolitan Bokutoh Hospital,
Tokyo; Keio University School of Medicine, Tokyo;
and Yamaguchi University School of Medicine, Ube;
Japan). Acute inflammatory sensorimotor polyradi-
culoneuropathy associated with immune thrombo-
cytopenic purpura (Case Report). ] Intern Med 2005;
257: 473-477.

Although acute inflammatory polyneuropathy (AIP)
and immune thrombocytopenic purpura (ITP) are
both believed to be immune-mediated disorders, only
a few cases have been reported in which these
two diseases co-existed. We describe a case of a
67-year-old patient who developed quadriparesis,

ophthalmoplegia and severe sensory impairment
along with thrombocytopenia. Detailed examina-
tions, including the measurement of anti-ganglioside
antibodies and anti-glycoprotein-Ib-Illa-IgG-produ-
cing B-cells, revealed that he developed AIP and ITP.
By reviewing past similar reports, we noticed that AIP
associated with ITP tends to manifest severe sensory
impairment and is often preceded by upper respiratory
tract infection, but not by gastrointestinal
infection.

Keywords: acute inflammatory polyneuropathy,
anti-ganglioside antibody, anti-GD1b antibody,
glycoprotein 1Ib-Illa, immune thrombocytopenic
purpura.

Introduction

It is uncommon that peripheral neuropathy is
observed in association with immune thrombocytop-
enic purpura (ITP). Amongst such cases, peripheral
neuropathy is sometimes described to be mononeur-
opathy multiplex and is attributed to intraneural
haemorrhage [1]. Acute inflammatory polyneurop-
athy (AIP), on the contrary, is rarely reported in
relation with ITP, although they are both believed to
be immune-mediated disorders. Most of the reports of
AIP associated with ITP merely described the clinical
findings of individual cases, and immunological
investigations, such as the measurement of anti-
ganglioside antibodies, are far from satisfactory. Here
we describe a patient in whom acute inflammatory
sensorimotor polyradiculoneuropathy (AISMP) and
ITP developed simultaneously, and by reviewing past
similar reports, discuss the characteristics of AIP
associated with ITP,

© 2005 Blackwell Publishing Ltd

Case report

A previously healthy 67-year-old man with 4-day
history of a low-grade fever and a sore throat
developed tingling feelings in the distal parts of his
extremities and came to our hospital at the end of
June 2003. Neurological examination revealed

" wide-based gait and diminished deep tendon re-

flexes. His blood sample showed a markedly
decreased platelet count.

The next morning, the platelet count was reduced
to 2.0 x 10° L™! and the peripheral blood smear
revealed no morphological abnormalities. He had
not taken any drugs except for mixed vitamin
supplements, and bone marrow examination
showed a normal megakaryocyte count and no
dysplasia. A preliminary diagnosis of ITP was made
and steroid pulse therapy (methylprednisone
1 g day™! for 3 days) was carried out, which rapidly
improved the platelet count. Although platelet-

473

— 447 —



474 N. SATO et al

associated IgG was not elevated, enzyme-linked
immunospotting (ELISPOT) assay [2] revealed that
the number of peripheral blood B-cells producing
IgG anti-glycoprotein-IIb-Illa (GPIIb-IIla) antibodies
was increased to 6.6 cells per 10° peripheral blood
mononuclear cells (normal: <2.0). Oral prednisone
was started with 50 mg day ™! following the steroid
pulse therapy and the dose was gradually tapered
off.

During the 5 days following his admission, his
neurological conditions rapidly deteriorated. He
developed quadriparesis, especially notable in the
proximal muscles, so that he became unable to lift
his limbs. The sensory disturbance was none the
better. The vibration sense and proprioception were
more severely impaired than the superficial sense.
He also developed ophthalmoplegia, and bulbar
palsy was also prominent. He required mechanical
ventilation for 10 days. There were no symptoms
suggesting autonomic involvement.

His cerebrospinal fluid specimen showed a normal
cell count and an elevated level (1.892 g L") of
protein. An investigation into anti-ganglioside anti-
bodies revealed an elevated level [102 400X (nor-
mal: not more than 6400x)] of anti-GD1b antibody
(Ab), and a borderline increase in the level of anti-
GQ1b Ab.

In order to eliminate other autoimmune diseases
that would cause thrombocytopenia and/or
neuropathy, screening tests for autoantibodies,
including antinuclear Ab, anti-Ro/SS-A Ab, anti-
La/SS-B Ab, anti-cardiolipin Ab, myeloperoxidase-
anti-neutrophil-cytoplasmic Ab (MPO-ANCA) and
proteiase-3-ANCA, were carried out, which gave
negative results. The search for preceding infection
was unsuccessful, but we excluded such infections
as those of Epstein-Barr virus, cytomegalovirus,
human immunodeficiency virus, hepatitis B virus
and hepatitis C virus. No malignancy was found
and anti-Hu Ab was not detected, and thus the
presence of paraneoplastic polyneuropathy was
unlikely.

The nerve conduction study revealed decreased
motor conduction velocity and prolonged distal
motor latency. Conduction block was observed in
the left ulnar nerve and temporal dispersion was
seen in the left peroneal nerve. Sensory nerve action
potentials could not be detected in any of the tested
nerves. Denervation potentials and decrease in the
number of motor units were observed by needle

electromyogram performed later in the course.
Sympathetic skin response, the coefficient of vari-
ance for R-R intervals of the electrocardiogram and
myocardial *2*I-métaiodobenzylguanidine scintigra-
phy (which reflects the sympathetic innervation of
the cardiac muscle) showed no abnormalities, which
was consistent with the symptoms lacking auto-
nomic involvement. Sural nerve biopsy performed
12 days after the disease onset demonstrated a
number of swollen axons and undigested myelin
ovoids without any findings of haemorrhage, vas-
culitis or inflammatory cell infiltration, i.e. a non-
specific finding of acute axonal degeneration.

Intravenous immunoglobulin therapy (0.4 g kg™!
body weight per day for 5 days) was given following
the steroid pulse therapy. He was successfully
weaned away from mechanical ventilation, and
gradually able to move his eyes. Improvement was
fairly apparent as for superficial sense, but not for
deep sense. Muscle weakness improved to a certain
degree, but he was still confined to a wheelchair and
could not swallow food at the end of March 2004.

The platelet count started to decrease again in
August, 2003. Prednisone was increased, but the
response was not as good as the previous treatment,
and the platelet count fluctuated in the range of
10.0-300 x 10° L™! since then.

Comment

We describe a case of AISMP that simultaneously
developed with ITP following upper respiratory tract
infection (URI). Proximal-dominant muscle weak-
ness was fairly severe, but the sensory involvement,
especially as with vibration and proprioception, was
none the less prominent. Cranial nerve palsy that
resulted in ophthalmoplegia, dysphagia and dys-
arthria was also apparent and there was no sign of
damage to the autonomic nervous system.
Anti-GD1b Ab, which is known to sometimes
appear in sensory ataxic form of Guillain—-Barré
syndrome (GBS) [3], was detected in the present
case. As GD1b is abundantly expressed in the dorsal
root ganglia (DRG) [4] and it is shown that rabbits
immunized with GD1b develop sensory ataxic neur-
opathy [5], the severe impairment of deep sensation
in the present patient might be due to anti-GD1b-
Ab-mediated impairment of DRG. The slightly
elevated level of anti-GQ1b Ab in the present case
is somewhat difficult to interpret. It may be only the
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manifestation of cross-reaction between anti-GD1b
Ab and anti-GQ1b Ab [6], or may be related to the
clinical symptoms that included Miller-Fisher syn-
drome-like aspects.

The thrombocytopenia in the present case was
diagnosed as ITP based on the practice guideline
published by the American Society of Hematology
[7]. There was no history that would suggest other
causes of thrombocytopenia, including drug-induced
thrombocytopenia, the peripheral blood smear
showed normal morphology, and the examination
of the bone marrow revealed no abnormality. The
diagnosis was further supported by the ELISPOT
assay which showed an increase in the number of
peripheral blood B-cells that produce anti-GPIIb-IIla
IgG. It is widely accepted that GPIIb-IlIa is the major
target for the autoimmune response in ITP [8, 9],
and there is a report that indicates this ELISPOT
assay is valuable in the diagnosis of ITP with high
sensitivity (71/78) and specificity (30/32) [2].

GPIIb-IIla, a member of the integrin family, is a
heterodimer consisting of a- and B-subunits (o, B3).
The oyp,-subunit is specifically expressed in platelets
and megakaryocytes [10], where as the f3-subunit
is more variously expressed in endothelial cells,
placental syncytiotrophoblast brush border, osteo-
clasts and macrophages. There have been no reports
that showed their expression in the nervous tissue so
far. Conversely, the ganglioside constituents of
platelets are known to be completely different from
those of the nervous tissue [11]. Thus, it is not easy
to show the presence of a common antigen that
would explain the association of AIP and ITP,
though possibility remains that they share a com-
mon target epitope.

To our knowledge, there have been only seven
cases published so far in which AIP and ITP developed
in same patients [12—-18]. Their characteristics are
summarized in Table 1 along with those of our case.
Although the ages of the patients are diverse, six of
eight cases are of women, and URI was the preceding
infection in five out of eight, whereas diarrhoea was
not documented in any cases. Three cases are
reported to have manifested motor-dominant symp-
toms typical of GBS, whilst three, including the
present case, developed severe sensory involvement,
especially of the deep sense. There have been no cases
in which autonomic impairment was observed. No
previous reports described anti-ganglioside-Ab profile
or proved autoimmune response to GPIIb-IIla.

It could be said that the association of AIP and
ITP is a mere coincidence, but AIP that develops
with ITP seems to have the properties somewhat
different from typical GBS, including frequent severe
sensory involvement with rare autonomic manifes-
tations and gastrointestinal infection not preceding
the disease. Further investigations into similar cases
are needed to clarify its characteristics.
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Interleukin-10 genotypes are associated W/th system/c
sclerosis and influence disease-associated autoimmune
responses
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Systemic sclerosis (SSc; scleroderma) is a connective tissue disease, characterized by fibrotic, immunological, and vascular
abnormalities. Interleukin-10 (IL-10) is an anti-inflammatory cytokine that modulates collagen production and B-cell survival. To
determine if certain IL-10 genotypes are risk factors for the development of SSc and influence disease-associated autoimmune
responses, 248 Caucasian and 264 Japanese SSc patients and controls were genotyped for three loci: —3575, —2849, and
—2763. Sera from patients were characterized for SSc-associated autoantibodies. In Caucasians, at —3575 and —2763, the
frequency of AA homozygotes was higher in patients as compared with controls (P = 0.0005; P= 0.002). In Japanese subjects,
the frequency of AC heterozygoies at ~2763 was higher, and that of CC homozygotes lower, in patients with diffuse SSc as
compared to controls (P=0.04). Particular IL-10 genotypes were associated with SSc-related auioantibodies. These results

suggest that IL-10 genotypes contribute to the etiology of scleroderma.
Genes and Immunity (2005) 6, 274-278. doi:10.1038/sj.gene.6364180
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Interleukin-10 (IL-10) is a pleiotropic cytokine produced
primarily by monocytes, T cells, and B cells. IL-10 has
both activating and inhibitory influences on T cells, is
involved in immunoglobulin class switching, and pro-
motes B-cell survival.? Additionally, IL-10 modulates the
extracellular matrix by inhibiting fibroblast proliferation
and collagen production.>® The interindividual differ-
ences in IL-10 production levels have a large genetic
component.*-®

Owing to these properties, there is a growing interest
in determining the role of IL-10 genes in autoimmune
diseases.” Scleroderma is an autoimmune rheumatic
disease characterized by extensive fibrosis, thickened
skin, vascular alterations, and immunological abnormal-
ities. There are two major subtypes of systemic sclerosis
(SSc).# Diffuse SSc is the most serious form, characterized
by extensive fibrosis of skin and internal organs;
development of the disease can be rapid and severe.
Limited SSc is a milder disease form, as patients have
less involvement of internal organs and slower disease
progression. The majority of SSc patients produce
antibodies directed at nuclear antigens, which are
strongly associated with organ involvement and disease
outcome.®1?
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Although the etiology of SSc is unknown, genetic
factors are thought to be important. Several polymorphic
genes—which are either risk factors for the development
of 55¢ or influence disease-associated autoimmune
responsiveness—have been identified. These include
human leukocyte antigens (HLA), fibrillin-1, and GM
and KM allotypes—genetic markers of y and x chains,
respectively.’*'® To determine if allelic variation at IL-10
loci is associated with SSc¢ and SSc-related humoral
autoimmune responses, DNA samples from Caucasian
and Japanese patients and controls were genotyped at
three IL-10 sites (—3575, —2849, and —2763) and patients’
sera were characterized for disease-related autoantibo-
dies.

This study was approved by the Institutional Review
Board/Ethical Committee for human research of the
Medical University of South Carolina and the Keio
University School of Medicine. All subjects provided
their written informed consent. Caucasian subjects
consisted of 105 SSc patients (67 limited, 38 diffuse)
and 143 controls presenting at the Rheumatology Clinic
of the Medical University of South Carolina. Controls
consisted of unrelated patients with osteoarthritis,
fibromyalgia, gout, or regional musculoskeletal pain
syndromes. Controls with conditions associated with
autoimmune or connective tissue diseases were ex-
cluded. Japanese subjects consisted of 127 SSc patients
(86 limited, 41 diffuse) presenting at Keio University
School of Medicine and 137 healthy, ethnically matched
controls living in the Tokyo area. All patients fulfilled the
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American College of Rheumatology criteria for $Sc.!¢
Genomic DNA samples were genotyped by PCR-restric-
tion fragment length polymorphism methods. The
method for genotyping at —3575 was modified from
Moraes et al.'” A 228 base pair (bp) sequence containing
the —3575 single-nucleotide polymorphism (SNP) was
amplified (F 5-GGT TTT CCT TCA TTT GCA GC-¥ and
R 5-ACA CTG TGA GCT TCT TGA GG-3) and digested
with the restriction enzyme T5p5091, which cuts this
product into 121 and 107 bp pieces in the presence of the
T allele. Genotypes at positions —2849 and —2763 were
determined using the same primer set (F 5-ACA TTT
CAG AAC AAATAA AGA AGT CAG-3 and R 5-GTG
CAG TGG CAT GAT CTC AG-3) to amplify a 300bp
product including both SNPs. Digestion with Alwl
results in products of 202, 77, and 21bp for the G allele,
and products of 279 and 21 bp, if the A allele is present at
position -2849. Digestion with Tsp509] results in
products of 174 and 126bp, if the A allele is present at
position —2763; no digestion of the 300bp amplified
product occurs in the presence of the C allele. Indirect
immunofluorescence (anticentromere (ACA)), double
immunodiffusion and protein immunoprecipitation
(anti-topoisomerase I (topo I)), and immunoprecipitation
(anti-RNA polymerase I/III (RNAP) and U1 ribonucleo-
protein (Ul RNP)) assays were used to identify auto-
antibodies in patients’ sera, as described previously.*?
The distribution of genotype frequencies was analyzed
using Pearson’s % test, except when cell counts were less
than or equal to 5; in the latter case, data were analyzed
by Fisher’s two-tailed exact test. Statistical significance

IL-10 genotypes are associated with scleroderma
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was defined as P <0.05. Odds ratio (OR) was calculated
to measure the strength of the associations observed.
When cell counts were less than or equal to 5, no ORs
were determined, as the use of large sample theory to
calculate confidence intervals for the ORs can only be
justified when all of the expected cell counts are greater
than 5.

The distribution of IL-10 genotypes and prevalence of
autoantibodies in Caucasian subjects is presented in
Table 1. At 3575 and —2763, the frequency of AA
homozygotes was significantly higher in patients as
compared with controls (295 wvs 11.8%, P=0.0005,
OR=3.1, CI 1.6-5.9; 20.6 vs 7.2%, P=0.002, OR=3.3,
CT 1.5-7.5). At position —2849, the frequency of GG
homozygotes was significantly lower in patients as
compared to controls (442 wvs 57.4%, P=0.04,
OR=059, CI 0.35-0.98). Subdivision of the patient
population showed that subjects with the limited form
of the disease were the primary contributors to the
overall variation at —3575 and —2849. Compared to
controls, the frequency of AA homozygotes (—3575) was
increased (33 vs 11.8%, P =0.0002, OR = 3.6, CI 1.76-7.43),
while that of GG (—2849) was decreased (41.8 vs 57.4%,
P=0.03, OR=0.53, CI 0.29-0.96) in patients with limited
SSc. At 2763, however, subjects in both disease
categories contributed to the overall variation. Compared
to controls, the frequency of AA homozygotes was
higher in both limited and diffuse SSc¢ (21 vs 7.2%,
P=0.003, OR=35, CI 1.48-8.48; 19 vs 7.2%, P=0.03,
OR=3.0, CI 1.06-855). The frequency of the AC
genotype at this locus was significantly lower in patients

Table 1 Distribution of IL-10 genotypes and prevalence of autoantibodies in Caucasian subjects

Subjects, N (%) ~3575 genotype —2849 genotype —2763 genotype

AA AT T AA AG GG AA AC cC
Total SSc 31 (29.5) 39 (37.1) 35 (33.3) 10 (9.6) 48 (46.2) 46 (44.2)° 21 (20.6)¢ 39 (38.2) 42 (41.2)
RNAP+ 2 (10.0) 6 (30.0) 12 (60.0)* 1(5.0) 6 (30.0) 13 (65.0)¢ 2 (10.0) 4 (20.0) 14 (70.0)*
RNAP— 29 (34.1) 33 (38.8) 23 (27.1) 9 (10.7) 42 (50.0) 33 (39.3) 19 (23.2) 35 (42.7) 28 (34.1)
UT'RNP+ 4 (40.0) 4 (40.0) 2 (20.0) 2(22.2) 5 (55.6) 2(22.2) 4 (40.0) 5 (50.0) 1 (10.0)s
Ul RNP— 27 (28.4) 35 (36.8) 33 (34.7) 8 (84) 43 (45.3) 44 (46.3) 17 (18.5) 34 (37) 41 (44.5)
Diffuse 55¢ 9(23.7) 15 (39.5) 14 (36.8) 3(8.0) 16 (43.0) 18 (48.7) 7 (19.0)¢ 10 (27.5) 20 (54.0)
RNAP+ 2 (11.8) 5(29.4) 10 (58.8)! 1569 5(294) 11 (64.7) 2(11.8) 3 (17.6) 12 (70.6)
RNAP— 7 (33.3) 10 (47.6) 4 (19.0) 2 (10.0) 11 (55.0) 7 (35.0) 5 (25.0) 7 (35.0) 8 (40.0)
Limited SSc 22 (33.0) 24 (36.0) 21 (31.0 7(104) 32 (47.8) 28 (41.8) 14 (21.0)= 29 (45.0) 22 (34.0)
Controls 17 (11.8) 71 (49.6) 55 (38.6) 7 (5.0) 53 (37.6) 81 (57.4) 10 (7.2) 65 (46.8) 64 (46.0)
#P = 0.0005.
PP =0.04.
P =0.002 (total SSc vs controls).
4P =0.005.
P =0.03.

fP =0.003 (total SSc; RNAP+ vs RNAP-).
8P =0.04 (total SSc; U1 RNP+ vs Ul RNP-).
hp —0.03.

ip =0.03 (diffuse SSc vs controls).

P =0.02 (diffuse SSc; RNAP+ vs RNAP-).
kp = (.0002.

1p=0.03.

™0.003 (limited SSc ws controls).
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with diffuse disease as compared to controls (27.5 vs
46.8%, P=0.03, OR=0.42, CI 0.18-0.93).

As autoantibodies in SSc are associated with disease
subgroup and prognostic factors, we analyzed the
distribution of IL-10 genotypes among patients with
and without disease-associated autoantibodies. The
distribution of IL-10 genotypes was significantly differ-
ent between Caucasian patients positive for antibodies to
RNAP and Ul RNP compared to those without these
autoantibodies (Table 1). At —3575 in SSc patients as a
whole, the frequency of TT homozygotes was higher in
subjects with antibodies to RNAP compared to those
without these antibodies (60 ws 27.1%, P =0.005,
OR=4.0, CI 1.46-11.15); this was primarily due to an
increased frequency of this genotype in diffuse patients
positive for the antibody (58.8 vs 19%, P=0.02). The
frequency of GG homozygotes at —2849 and that of CC at
—2763 was higher in patients with anti-RNAP antibodies
compared to those without these autoantibodies (65 vs
39.3%, P=0.03, OR=28, CI 1.03-7.94; 70 vs 34.1%
P=0.003, OR=4.5, CI 1.5-12.9). In subjects with anti-
bodies to Ul RNP, the frequency of the —2763 CC
genotype was lower than in those without these
autoantibodies (10 vs 44.5%, P=0.04). IL-10 genotypes
were not associated with anti-topo I or ACA (data not
shown).

The distribution of IL-10 genotypes in Japanese S5c
patients and controls, and in SSc patients with and
without ACA, Ul RNP, and topo I autoantibodies is
presented in Table 2. Interestingly, no subjects had the
AA genotype at any loci. Examination of the patient
population as a whole showed no significant difference

in genotype frequencies between patients and controls.
Subgroup analysis, however, revealed that in diffuse
patients at —2763, the frequency of AC heterozygotes
was higher (21 vs 8.6%, P=0.04, OR=2.8, CI 1.02-7.79)
and that of CC homozygotes lower (79 vs 91.4%, P = 0.04,
OR=0.35, CI 0.13-0.97) than the respective frequencies
in the control population.

In the total patient population, the frequency of AT
heterozygotes at —3575 was higher (20.8 vs 6.8%,
P=0.03, OR=3.6, CI 1.04-12.58) and that of TT homo-
zygotes lower (79.2 vs 93.2%, P =0.03, OR =0.27, C1 0.08~
0.97) in patients with ACA than in those without these
autoantibodies. Patients with limited 5S¢ accounted for
the increased frequency of the AT genotype in ACA-
positive subjects (20.8 wvs 32%, P=0.02). The AT
heterozygotes at this locus were also more prevalent in
the diffuse SSc patients with anti-Ul RNP antibodies
than in those lacking these autoantibodies (75 vs 5.4%,
P =0.004). At —2763, the frequency of AC heterozygotes
was higher (24.1 vs 6.1%) and that of CC homozygotes
lower (75.9 vs 93.9%) in patients with antibodies to topo I
than in those without these autoantibodies (P =0.005).
Patients with limited SSc were primarily responsible for
the increased frequency of AC heterozygotes in anti-topo
I-positive subjects (22.6 vs 5.5%, P=0.03). IL-10 geno-
types were not associated with antibodies to RINAP.
Other genotype frequencies were similar between total
patients or subgroups and controls (data not shown).

In Caucasians, homozygosity for the A allele at —3575
and —2763 was associated with over three-fold higher
risk of developing SSc. The protective effects of IL-10
against fibrosis, a hallmark feature of scleroderma, could

Table 2 Distribution of IL-10 genotypes and prevalence of autoantibodies in Japanese subjects®

Subjects, N (%) —3575 genotype —2849 genotype —2763 genotype
AT T AG GG AC cc

Total 5S¢ 12 (9.5) 115 (90.5) 2(1.6) 122 (98.4) 18 (14.5) 106 (85.5)
ACA+ 5 (20.8)° 19 (79.2) 2(8.7) 21 (91.3) 1(4.0) 24 (96)
ACA- 7 (6.8) 96 (93.2) 101 (100) 17 (17.2) 82 (82.8)
Topo I+ 7 (11.9) 52 (88.1) 59 (100) 14 (24.1)¢ 44 (75.9)
Topo I- 5(7.4) 63 (92.6) 2(3.1) 63 (96.9) 4 (6.1) 62 (93.9)
Diffuse SSc 5(12.2) 36 (87.8) 0 40 (100) 8 (21)¢ 30 (79.0)
Ul RNP+ 3 (75) 1(25) 0 4 (100) 2 (66.7) 1(33.3)
Ul RNP— 2054 35 (94.6) 0 36 (100) 6 (17.1) 29 (829
Limited SSc 7 (8.1 79 (91.2) 2 (2.3) 82 (97.6) 10 (11.6) 76 (88.4)
ACA+ 5 (20.8) 19 (79.2) 2(8.7) 21 (91.3) 140 24 (96)
ACA- 232) 60 (96.8) 61 (100) 9 (14.8) 52 (85.2)
Topo I+ 2(6.7) 28 (93.3) 29 (100) 7 (22.6)= 24 (77.4)
Topo I—- 5.1 51 91.1) 2 (3.6) 53 (96.4) 3 (5.5 52 (94.5)
Controls 6 (4.4) 131 (95.6) 3(2.4) 124 (97.6) 10 (8.6) 106 (91.4)

*No subjects had the AA genotype.

bp=0.03 (total SSc; ACA+ vs ACA—).
°P=0.005 (total SSc; topo I+ vs topo I-).

4P =0.04 (diffuse SSc vs controls).

epP =(.004 (diffuse SSc; Ul RNP+ ws Ul RNP-).
P =0.02 (limited SSc; ACA+ vs ACA-).

8P =0.03 (limited SSc topo I+ vs topo I-).
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contribute to the immunological mechanisms underlying
these associations. IL-10 reduces tumor necrosis factor-c
(TNF-o)-induced proliferation of fibroblasts and de-
creases production of type 1 collagen and fibronectin
by fibroblasts.>® As mentioned before, the quantitative
expression of IL-10 is highly heritable, and IL-10
genotypes contribute to this phenomenon. Indeed, the
risk-conferring genotypes in Caucasians in this study—
AA (-3575) and AA (-2763)—are strongly associated
with low production of this cytokine.®

In the Japanese subjects, there were no AA homo-
zygotes and the only genotype at —2763 carrying the A
allele, the AC heterozygote, was associated with over
two-fold increased risk of diffuse SSc. Thus, in these A
allele carrying subjects, the IL-10 levels may be too low to
afford protection from fibrosis, resulting in a higher risk
of developing scleroderma. Homozygosity for the G
allele at —2849 was marginally associated with protection
from the disease in Caucasians, which is in line with the
reported over-representation (although not statistically
significant) of this allele in IL-10 high producers.®

Since fibrosis is more extensive in patients with diffuse
SS5c than limited SSc, in our subgroup analyses we had
expected the diffuse patients to account for most of the
variation observed in the total patient population. This
appears to be the case for the Japanese subjects, where
the frequency of AC heterozygotes was higher in diffuse,
but not in limited, patients than that in the controls. In
Caucasians, however, patients from both categories
contributed to the overall variation at —2763, while those
with the limited form of the disease were the primary
contributors to the differences at —3575 and —2849 loci.
Clearly, other factors, in addition to IL-10 genotypes,
contribute to the clinical phenotype of SSc patients. The
results presented here are at variance with those reported
by Crilly et al,’®* who found no association between IL-10
genotypes and SSc as a whole, but reported a decreased
frequency of a genotype associated with high IL-10
production in patients with the diffuse form of the
disease. The two studies, however, are not comparable:
Crilly et al studied the IL-10 sites in the proximal region
of the promoter, whereas we examined distal SNPs.
Other differences include the study population—homo-
geneous Scottish Caucasians in the study by Crilly et al vs
heterogeneous North American Caucasians and homo-
geneous Japanese in the present study.

In addition to being risk factors for the development of
the disease, particular genotypes in both Caucasian and
Japanese populations contributed to disease-related
autoantibodies associated with different clinical pheno-
types of scleroderma. In Caucasian subjects, homozyg-
osity for the T, G, and C alleles at —3575, —2849, —2763,
respectively, was associated with the presence of anti-
RNAP antibodies. At —3575, patients with the diffuse
form of the disease contributed to this association; at the
other two loci, no disease subtype-associated differences
were found. In the Japanese patients, heterozygosity at
—3575 was associated with the prevalence of ACA, while
that at —2763 was associated with the presence of anti-
topo I antibodies. Patients with the limited form of the
disease contributed to the variation at both loci.

Since this is the first study of this type for scleroderma,
these results cannot be compared directly with other
studies. Involvement of IL-10 genotypes in humoral
immunity to autoantigens is in accord with the enhan-
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cing effect of this cytokine on B-cell survival. However,
no consistent pattern of autoreactivity, explainable by the
known associations between particular genotypes and
the cytokine levels, emerges. It might be relevant to point
out that the autoantibodies examined here are strongly
associated with particular HLA alleles, and for ACA, a
stronger association has been found with certain pro-
moter region determinants of the TNF-a gene.+
Perhaps simultaneous examination of HLA, TNF-o and
IL-10 loci in a large study population would shed further
light on humoral autoreactivity in scleroderma.

The reason for the observed ethnic differences in
genetic association is not clear. Genetic heterogeneity
might in part explain the ethnic disparities observed
here.*® Differences in allele frequencies and linkage
disequilibrium among populations originating from
different continents may also coniribute to ethnically
restricted associations.*® Additionally, the low frequency
of A alleles in the Japanese subjects may have reduced
the statistical power to detect an association between IL-
10 genotypes and disease risk in this ethnic group. In
addition to differences in allele frequencies between the
groups, it is likely that multiple genes interact in an
epistatic manner to cause SSc, and differences in gene
frequencies at these loci result in differences in relative
risk to develop the disease in different ethnic groups.
Evidence for such epistatic interactions in 5S¢ has been
presented elsewhere.?®

In addition to the possible influence of IL-10 genes (via
their gene products) on SSc pathogenesis discussed
above, the observed associations could also be explained
by linkage disequilibrium between the IL-10 alleles and
those of another, as yet unidentified, locus for SSc. Such
case-control studies cannot distinguish between the two
possibilities. To our knowledge, this is the first report of
an association between IL-10 genotypes and SSc-related
autoimmune responses. Although some of the IL-10
genotype associations with SSc and SSc-related auto-
immune responses reported here are highly significant
and can, at least partially, be explained by the known
immunological properties of IL-10, they must be fol-
lowed by confirmation in an independent study popula-
tion to be of wider significance.
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