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SUMMARY

In the present study we investigate whether or not anticardiolipin antibody (aCL) is produced in NOD
mice, which is a representative animal model of insulin-dependent diabetes mellitus (IDDM). We found
that IgG class aCL appeared in 6-9% of non-diabetic NOD mice at weeks 5—15. The rates increased with
age to 31-6% at weeks 16—25 and 71-9% at weeks 26—35. In addition, the titre and incidence of aCL
were higher in diabetic mice than in non-diabetic mice. It was also found that aCL in NOD mice
involved (3,-glycoprotein | 3,-GPI)-dependent and -independent aCL, wietGPI was added to the

aCL assay system. The IgG subclass of b@thGPI-dependent and -independent aCL belonged
exclusively to IgG2a. In addition, immunohistochemical studies revealed the predominant accumula-
tion of 1gG2a- or IgG3-positive B lymphocytes within insulitis. These results suggest that the
autoimmunity in NOD mice may thus be associated with Th1l predominant immunological response.
In conclusion, aCL with multiple antigenic specificity were produced in NOD mice along with the
development of insulitis and diabetes. NOD mice should thus be added to the list of animal models
possessing antiphospholipid antibody.

Keywords cardiolipin antiphospholipid antibodies insulin-dependent diabetes mellitus NOD
mouse

INTRODUCTION patients with either autoimmune disorders or infectious diseases

. - . . 413—15]. Some of these antibodies are known to be associated with
NOD mice show a characteristic progressive autoimmune respon

which specifically and selectively destroys pancregtiells [1,2]. tﬁromboembollc manifestations of cerebral or myocardial infarc-

Autimmuniy o eiher -l or el roducis n NOD mce 147 0620 enous orioss, vl i ose e 1
involves both the cellular [3,4] and humoral [5,6] immune P [13-15]. ' P

response. Cell-mediated immunity is demonstrated by pathogno\t'-v'g;r?fle;st'igusord'i‘:’]?égsgs’:lrf:ng: 2’::2:: Eglirc';’:’ e?;%?“g?fe@t
monic histological lesions, also termed insulitis, in which inflam- u u ' u u '

matory/immune cell infiltrates are observed within the pancreaticcoagumItlon activity or induce thromboembolism [14-16]. The

islets [7]. Adoptive transfer experiments using NOD mice haveaC|T in infectious diseases react'with solid-phase and fluid-phase
firmly established that autoreactive T cells play a primary role inCL in the absence gf-glycoprotein | §-GPl-independent aCL),

the pathogenesis of insulin-dependent diabetes mellitus (IDDM#Nhile aCL in patients with autoimmune disord.ers,.such as systemic
[8]. The development of humoral immunity against the islets is alsgUPUs erythematosus (SLE) or other conneciive tissue diseases, do

shown as the appearance of autoantibodigsdell membraness- not directly react with the CL structure, since aCL binding requires

. . . . the presence o8,-GPI (3>-GPI-dependent aCL), and thus these
cell components (anti-64-kD and/or anti-glutamic acid decarbox_ant'bod'es can be distinquished from aCL in infectious diseases
ylase (GAD) autoantibody), of-cell secretory products (anti- ibod Istinguis ni lous di

e . . i - [17-19].
g];gy)n[glggigalbody (1AA) and anti-carboxypeptidase H autoanti We previously reported that aCL were transiently produced in

. S I . AKR/J mice, which are used as a model animal of IDDM and
Anticardiolipin antibodies (aCL) are frequently detected in ' - . o

P (acL) q y demonstrate streptozocin-induced diabetes [20]. In addition,
Correspondence: Dr Keizo Anzai, The Department of Laboratoryl-Orini etal reported that aCL were found in 24% of all IDDM

Medicine, Fukuoka University School of Medicine, 7-45-1 Nanakuma, Patients [21]. However, these reports did not distinguish between
Jonan-ku, Fukuoka 814-10, Japan. B,-GPl-dependent angb-GPIl-independent aCL. In this study, we
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investigated whether or not NOD mice can produce aCL. Havingvere reported as having raised aCL levels when their values
found that aCL were produced in NOD mice, we thus alsoexceeded that of the mean 3 s.d. of the control ICR mice.
attempted to differentiat@,-GPI-dependent fron8,-GPI-inde- B>-GPI-dependent and -independent aCL as¥dg performed
pendent aCL in NOD mice. this ELISA test using humagf,-GPI, because it has been reported
that the amino acid sequence deduced from the nucleotide
sequence of moug®-GPI revealed a 76-1% homology with that
of humang,-GPI [23].

Animals The sample consisted of sera of NOD mice, and aCL-negative
Our female NOD mouse colony was produced from a breedingsera of ICR mice from 26 to 35 weeks old using the above standard
stock obtained from Clea Japan (Tokyo, Japan). All animals werd&ELISA test. The ELISA test used was a modification of the method
maintained and fe@d libitum at the Kyushu University Animal of Matsuuraet al. [24]. In brief, a CL-coated ELISA plate (Falcon
Centre. Female ICR mice, which is the strain from which NOD 3915) was blocked with 5@ of 10mm HEPES, 150 m NacCl
mice originated, served as the control and were also purchasezbntaining 0-3% bovine serum albumin (HEPES—BSA) for 1 h at
from Clea Japan. Sera were collected from the animals at from 5 tooom temperature.

35weeks of age and then were stored at°€30’he female NOD After washing with PBS—T, wells were incubated withB@f

mice and ICR mice were split into three groups according to ageB»>-GPI (30ug/ml) in HEPES—BSA for 10 min at room temperature
group |, 5—15weeks, group Il, 16—25weeks and group lll, 26—to measure thg,-GPI-dependent aCL, or 50 of HEPES—BSA to

35 weeks. In our colony, the NOD mice began to develop diabeteseasure thg,-GPI-independent aCL. The wells were then incu-
after 16 weeks of age and the diabetes became increasingly sevevated with 5Qul of diluted sera at 1:80 for 30min at room
thereafter. Diabetes mellitus was diagnosed when the plasm@mperature. After washing with PBS-T, wells were incubated

MATERIALS AND METHODS

glucose levels exceeded 14im with 50ul of HRP-conjugated rabbit anti-mouse IgG for 30 min at
room temperature. The colour was developed and the optical
Reagents density (OD) measured as described above. According as the

Cardiolipin suspended in ethanol was obtained from Sigma Cheprocedure of some authors [25,26] with slight modifications, we
mical Co. (St Louis, MO). Humag,-GPI was from the Yamasa judgedp.>-GPl-independent aCL and -dependent aCL to be posi-
Shoyu Co. Ltd. (Tokyo, Japan). Human recombinant insulin wagive when the OD of the test sample exceeded the meanGB.d.
from Eli Lilly and Co. (Indianapolis, IN). Horseradish peroxidase of the seven control ICR mice.

(HRP)-conjugated rabbit anti-mouse 1gG (lot no. 91104039), anti-  Anti-3,-GPI antibody assayMatuura and coworkers reported
IgG1 (lot no. 90603261), anti-lgG2a (lot no. 80901829), anti- thatB3,-GPIl-dependent aCL directly binds to the modified form of
IgG2b (lot no. 90803434), anti-lgG3 (lot n0.90803448) were from 3,-GPI immobilized on polystyrene plate oxidized to generate C-O
Zymed Labs Inc. (San Francisco, CA). In addition, rabbit anti-and C= O moieties by irradiation, but not to the native formgef
human 3,-GPI antibody was from Cedarlane Laboratories Ltd GPlimmobilized on a plain polystyrene plate in SLE patients [27],
(Ontario, Canada), and the HRP-conjugated anti-rabbit IgG (lothus suggesting that the carboxylation of the plates is required to
no. AP158P) was purchased from Chemicon International Incdetect,-GPl-dependent aCL in the ELISA test. In this study, we

(San Francisco, CA). used carboxylated plates which are produced by oxidation to
generate G= O moieties on the surface (Sumitomo Bakelite Co.)
Microtitre plates instead of irradiated polystyrene plates. We confirmed that the

Ninety-six-well microtitre plain polystyrene plates (Falcon 3915) amounts of3,-GPI bound to the carboxylated and that to the plain
were obtained from Becton Dickinson (Oxnard, CA), while car- plates were the same when dg/ml of 3,-GPI were added to the
boxylated (MS-3796F), irradiated (MS-3596F), and plain (MS- plates (data not shown), and we thus decided to use the plain plates
3496F) polystyrene plates were purchased from the Sumitomas controls. The ELISA test for the antibodies directe@4@sPI

Bakelite Co. Ltd. (Tokyo, Japan). essentially followed the procedure of Matsuataal.,, with slight
modifications [27]. The microtitre plain (MS-3496F) or carboxy-
ELISA lated (MS-3796F) plates were coated with/@f 3>-GPI1 (10ug/

Anticardiolipin antibody assay Anticardiolipin antibodies ml dissolved in 10 m HEPES, 150 ma NaCl, pH 7-4) overnight at
were detected by a standard ELISA test as previously described’C. After incubation, the8,-GPI-coated wells were washed three
[22]. In brief, 2ug of cardiolipin per well in 5Q ethanol were times with 20(ul of PBS—T, and then were incubated with 200
dried on plain plates (Falcon 3915). PBS with 10% fetal calf serumof HEPES buffer containing 3% skim milk (Difco Labs, Detroit,
(FCS) was used as the blocking agent. After blocking, the plates/l) for 1h at room temperature. After washing in the same
were washed with PBS containing 0-05% Tween 20 (PBS—T) andnanner, the wells were incubated with d0of diluted sera for
50-ul aliquots of test samples at 1:80 dilution in PBS—T were 1h at room temperature. The wells were again washed and
added to each of the duplicate wells and incubated for 1 h at roonmcubated with 5@l of HRP-conjugated rabbit anti-mouse IgG
temperature. To the plates were added HRP-conjugated rabbit antliluted 1:1000 for 1 h at room temperature. Colour was developed
mouse IgG, IgG1, 1gG2a, IgG2b or 1gG3, diluted 1:1000 in PBS—and the OD was measured as described above.

T, and these were incubated for 1 h at room temperature. The plates

were treated with O+ citrate buffer pH5, containing 0-002% Inhibition experiments

H,0, and 0-04%o-phenylenediamine (Sigma). The reaction was  Inhibiting the binding of3,-GPI-dependent aCL by fluid-phase
allowed to take place at room temperature in a dark chamber fof>-GPI with or without cardiolipin To measure the inhibition of
10 min and then was stopped by adding8@liquots of 4n H,SO, B2-GPIl-dependent aCL by fluid-phase-GPI or 8,-GPI-CL

to each well. The absorbance in each well was measured at 492 noomplex, the sera at a dilution giving 50% of maximal binding
using an Easy Reader (Laboscience, Tokyo, Japan). Test samples 3,-GPl were preincubated with solubl@,-GPI at various
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Fig. 1. Anticardiolipin antibody (aCL) in non-diabetic or diabetic NOD o
mice, and ICR mice. Each point indicates the absorbance of an individual 0 | | | |
serum: non-diabetic NOD mic©Y; diabetic NOD mice ®); ICR mice (). 0-6 0-8 1-0 1-2
Groups are as indicated in Materials and Methods. Broken lines represent aCL (OD 492 nm)

mean+ 3 s.d. of ICR mouse results. Bars represent measie.m. *The

statistical evaluation applies to comparisons between NOD group | andrig. 2. Comparison of anticardiolipin antibody (aCL) and anti-insulin

groups Il and IlI, respectively. **Diabetic NOD miceersusnon-diabetic ~ autoantibody (IAA) in NOD mice sera. Ninety-nine sera from either

NOD mice in group Ill:P<0-001. Results are as percentage aCL-positive.diabetic or non-diabetic NOD mice were tested in ELISA using cardiolipin
or recombinant human insulin. There was no significant difference between
the ELISAs using either cardiolipin or insulin.

concentrations (1-5, 6-0, 25,10§/ml) either with or without

cardiolipin (100wg/ml). Cardiolipin was dried under argon, and
then rehydrated in PBS for 10min with intermittent vortexing 80801705), 19G2b (lot no. 7110218), IgG3 (lot no. 80801704),

before preincubation. The amount of free antibody in the serum-Piotinylated goat anti-rat IgG, biotinylated goat anti-rabbit 1gG
inhibitor mixtures was then measured in the gh#GPI ELISA ~ Purchased from Zymed Labs. To stain specific antigepsy $hick
test using a carboxylated plate. Serum incubated without th&ryostat sections of pancreas from 20-week-old female non-dia-

calculated as follows: for 30 min and then again air-dried for 30 min. After a 10-min

R incubation with 10% normal serum, an appropriately diluted anti-
% inhibition = body for the specific antigen was overlaid for 60 min, then the

( OD 292nm count in the presence of inhibi}fr preparations were washed three times in PBS and incubated with
%100

" 'OD 492nm count in the absence of inhibitpr
12

Anti-insulin antibody assay
All 96-well microtitre plates (MS-3596) were coated with p.gpof 10 -
human recombinant insulin in %0 of 0-05m bicarbonate buffer
pH9-6 overnight at . The wells were then saturated with PBS 08l
containirg 1% BSA for 1h at room temperature. This blocking &

solution was then removed and serum samples were added tﬁ

insulin-coated wells for 1h at room temperature. After washing < 06

three times with PBS-T, the plates were incubated at roomg

temperature for 1h with 50 of HRP-conjugated rabbit anti- 04 -

mouse IgG. Finally the colour was developed and the OD was

measured. 02 |-

Immunohistochemical study 0

For the immunohistochemical study, the following antibodies were GPI (O GPI (+) GPI Q) GPI (+)
used: rat anti-mouse L3T4 (CD4) (clone GKL.5, lot no. J0419) ICR mice NOD mice

which reacts with helper/inducer T lymphocytes, and rat anti-_ ) ) ) o
mouse Lyt-2 (CD8) (clone 53-6.7, lot no. FO115) which mainly Fig. 3. 82-glycoprotein | 3,-GPl)-independent or -dependent anticardioli-

: . in antibody (aCL) titres in NOD mice sera. Anticardiolipin antibody titres
reacts with suppressor/cytotoxic T lymphocytes, purchased fronﬁ)neasured in absence and presenceu(#tl) of humang,-GPlI, indicated

Becton chklnson (Mountain View, CA), goat anti-mouse immu- by 8,-GPI (=) (circles) and3,-GPI (+) (triangles), respectivelyO,A,
noglobulins (IgA+1gG+IgM) (lot no. 30162), purchased from gamples exceed mean3 s.d. of the optical density (OD) values of ICR
Organon Teknika N.V.-Cappel Products (West Chester, PA)mice sera®,a, samples below mean 3 s.d. of the OD values of ICR mice
rabbit anti-mouse 1gG1l (lot no. 90102332), IgG2a (lot no. sera. Broken lines represent mear s.d. of ICR mouse resullts.
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Fig. 4. Detection of autoantibodies t@,-glycoprotein | 3,-GPI) is
dependent on the type of ELISA plai®, Samples exceed mean3 s.d.

of ICR mouse results using both anticardiolipin antibody (aCL) assay.
system in the presence ©5-GPI and in the absence 85-GPI; ®, sample is

K. Anzaiet al.

biotinylated anti-lgG for 30 min. They were next washed three
times in PBS and incubated with avidin and biotinylated horse-
radish complex for 30 min. After another washing in PBS, they
were exposed to diaminobenzidin (DAB) and.®3, and later
counterstained with Mayer’s haematoxylin.

Expression of results

The aCL and IAA activity was expressed as absorbance at
492 nm. The sample was defined as positive when the absorbance
exceeded the mean of the normal contrel8 s.d. Statistical
analysis was performed using Student:$est. P<0-05 was
regarded as significant.

RESULTS

aCL in NOD mice

The sera from 75 non-diabetic NOD mice, 24 diabetic NOD mice
and 17 control ICR mice were studied. Each of the three groups of
NOD mice were tested only once. Figure 1 illustrates the repre-
sentative 1gG binding activity to CL in the NOD mice and control
ICR mice sera by the standard aCL ELISA test using plain plates.
Thirty-seven of 99 NOD mice showed aCL activity in their sera,

B,-GPl-dependent aCL. Sera, diluted 1:80, were tested using the plain plaf¥/Nil€ none of the control ICR mice produced any aCL. The

and the carboxylated plate.
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incidence of aCL in NOD mice was 6-9% (2/29) in younger
(group | at the age of 5—-15weeks), 31-6% (12/38) in group Il at
the age of 16—25weeks and 71-9% (23/32) in group Il at the age of
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Fig. 5. Inhibition test and IgG subclass distribution @f-glycoprotein | 3,-GPIl)-dependent and -independent anticardiolipin antibodies
(aCL). (a) Inhibition of autoantibody 6,-GPI by the fluid-phase complex 85-GPI and CL. The3,-GPI-dependent aCL-positive serum was
preincubated with varying amounts of eith@&-GPI in the presence or absence of @::GPI (O), 8o-GPI+ CL (®). (c) Inhibition of
autoantibody to CL by CL 08,-GPI. TheB,-GPI-independent aCL-positive serum was preincubated with varying amounts of eitheg&L or
GPI: CL (@), 3,-GPI (O). (b,d) IgG subclass distribution 8§-GPI-dependent aCL (b) aff3-GPI-independent aCL (d) in the NOD mice sera
by an ELISA using mouse monoclonal IgG subclass-specific antibodies. Each point indicates the absorbance of an individual serum.
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26-35weeks. The age dependence of aCL production in NOL ? - e
mice was also indicated by the significantly higher incidence of A & - ' :
aCL-positive sera. Similar differences appeared when considerini

the means of aCL serum levels as defined by absorbance at 492 ni
0-110+ 0-008 (mearx s.e.m) in group |, 0-196= 0-016 in group
Il and 0-305+ 0-025 in group I, respectivelyP<0-001). The
diabetic NOD mice both had a higher incidence (84-6%) and highe
titre (0-403+ 0.040) of aCL than the non-diabetic NOD mice
(incidence 63-2% and titre 0-2380-021) in group I, respectively
(P<0-001).

Correlation between aCL and IAA :
The sera from the NOD mice were analysed for IAA and aCL. g
These data indicated that there was no associatien0(0783)
between the presence of aCL and IAA (Fig. 2).

B2-GPl-independent and -dependent aCL B
We attempted to determine whether or not sera contain GPI 3
dependent antibodies according to the procedure of Matstida B
al., with slight modifications [25,26]. In brief, we judge3-GPI- -
independent and -dependent aCL to be positive when the OD of th’ P

test sample exceeded the mean ®B s.d. (0-304 and 0-198, B .
respectively) of the seven control ICR mice in the GP) éssay or L Ak

the GPI (+) assay (Fig. 3). The OD of nine sera exceeded 0-304 ir
the GPI (-) assay, and one of them was below 0-198 in the-GPI (
assay O—A), while the other exceeded 0-198-A) in the same
assay. As a result, it thus suggested that the former (1/9) cotains
GPl-independent aCL alone, while the latter (8/9) contains Bgth
GPl-independent and -dependent aCL. On the other hand, the OD ¢
five sera were below 0-304 in the GPI (-) assay, and three of ther®" * ;
exceeded 0-304 in the GP}) assay @—A), while the other two &5+ 3 oW ‘ o
were below 0-304@—A) in the same assay. The former (3/5) were & 2 f
thus suggested to contai3-GPI-dependent aCL alone, while the - "
latter (2/5) contained neithe®»-GPl-independent nor -dependent .°= ™ *

aCL. We speculate that tifia-GPI might partially block the epitope K
of antigen for 8,-GPIl-independent aCL, or the conformation 1‘
change of the epitope of CL might have been induced. We furthe '\ %
examined whether or not the sera, which reacted both SytGPI &

(=) and3>-GPI (+) in CL-coated plate, contained boBy-GPI- 4
dependent and -independent aCLB@GPI-independent aCL alone. T

Anti-3,-GPI antibody assay
We attempted to determine whether or not the sera which contair -
B2-GPI-dependent aCL alone, directly bind to thgGPI using
both the carboxylated and the plain plates (Fig. 4). Although no
binding to a plain plate was observed, autoantibod§t&GPI was Iy
detectable when th@,-GPI was coated on the carboxylated plate, EEs
thereby confirmed that thes@,-GPI-dependent aCL directly
bound only to the modified form oB,-GPl immobilized on &%
carboxylated plate. Second, we used two sera which were positive

in both the GPI {) and the GPI+{) assays, and these ODs rose in Fig. 6. Immunoperoxidase staining of cryostat pancreas sections of a 20-
the GPI &) assays relative to the GPI (=) assays, and thereafter weveek-old NOD female mouse using different MoAbs defining CDR
examined whether or not these sera bound toBh6&PI-coated  lymphocytes (A), CD8 T lymphocytes (B), sig B lymphocytes (C).
carboxylated plate. We observed them to react witf,&GPI-

coated carboxylated plate but not with a plain plate, thus suggesB>-GPI and CL by the antB,-GPI antibody assay system using
ing that these sera contain not ofdy-GPl-independent aCL but carboxylated plates. As shown in Fig. 5a, the fluid-phase complex

alsoB>-GPI-dependent aCL. of B>-GPI and CL inhibited3,-GPI-dependent aCL binding 8-
GPIl immobilized on the carboxylated plate, but native solyle
Inhibition test GPI alone did not inhibit these antibodies bindingteGPI. Then

The inhibition test was performed to confirm the specificity8of a second test was performed to confirm the specificitg.eGPI-
GPI-dependent aCL for native solubfe-GPI or for complex of  independent aCL for CL or for solub-GPI by the standard aCL

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:173-180
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> ih:t& = TP
Fig. 7. Immunoperoxidase staining of cryostat pancreas sections of a 20-week-old NOD female mouse using different MoAbs defining 1IgG1
(A), IgG2a (B), IgG2b (C) and 1gG3 (D)-positive B lymphocytes.

assay system using plain plates. As shown in Fig. 5c, the cardiosubsets of the infiltrated B lymphocytes consisted mainly of
lipin fluid phase inhibited aCL binding to CL immobilized on the 1gG2a (Fig. 7B), while a few IgG3-positive cells were also
plain plate. No inhibition was observed with similar concentrationsobserved (Fig. 7D).
of 3,-GPI. Similar results were obtained in other NOD mice sera
with 3,-GPI-dependent aCL. DISCUSSION
Immunoglobulin subclasses of aCL To our knowledge, this is the first study to show the production of
The IgG subclass reactivity g8,-GPI-dependent an@,-GPI- aCL in NOD mice. We have already reported that in AKR/J mice,
independent aCL in the NOD mice sera with highiGPI-depen-  in which multiple low doses of streptozocin caused insulitis and
dent andB,-GPl-independent aCL titres was determined by andiabetes, aCL was transiently produced with hyperglycaemia and
ELISA test. The 1gG subclass of bof-GPI-dependent anfl,- insulitis [20]. When the diabetes developed with the loss of islet
GPl-independent aCL exclusively belonged to IgG2a (Fig. 5b,d).cells, aCL disappeared. Therefore we suggested that the production
of aCL might be induced by the damage of isgtells with
Immunohistochemical analysis of infiltrated lymphocytes in andinsulitis rather than that of other organ cells. In contrast, as shown
around the islets by this study, aCL was persistently produced along with the
On week 20 in non-diabetic NOD mice, islets with insulitis were development of insulitis and diabetes in NOD mice. The detection
immunohistochemically examined for subsets of the infiltratedof several autoantibodies fcell antigen, such as insulin, GAD,
lymphocytes. The lymphocytes which infiltrated in and aroundcarboxypeptidase H, is decreased after the diabetic stage [10],
the islets were mainly CD%4(helper/inducer T lymphocytes) (Fig. because few antigens derived fr@atells remain in diabetic mice.
6A), but only a few lymphocytes that reacted with anti-CD8 We analysed IAA in the serum of NOD mice, but no correlation
(cytotoxic/suppressor T lymphocytes) were observed (Fig. 6B)was observed between the presence of aCL and IAA. It was thus
The surface immunoglobulin (slg)-positive cells (B lymphocytes) suggested that the mechanism of production of aCL in NOD mice
also accumulated around these T lymphocytes (Fig. 6C). Thenay be different fromg-cell-specific antibodies, such as IAA.
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Anionic phospholipids, such as cardiolipin, are not expressed in theroduction of cytokines of both the Thl and Th2 types, and are
cell wall, but damage to the cell wall did result in their outer thought to be obligatory precursors of Thl and Th2 cells [39,40].
expression. The aCL in NOD mice were persistently produced afteRecently, it has been proposed that the development of diabetes in
the onset of diabetes and loss of igletells, so that we speculate  NOD mice is controlled by the Th¥ersusTh2 phenotype of
that the production of these antibodies might be induced not onlyautoreactive Th cells: Thl cells promote diabetes, whereas Th2
by the damage of isleg-cells but also by the destruction of other cells may actually help protect against disease [41,42]. The
organ cells in NOD mice. The polyglandular autoimmune reactiondmmunoglobulin subclass of bofy-GPI-dependent and -indepen-

observed in NOD mice also support this hypothesis.

dent aCL belonged to 19G2a, though autoantibodies possessing

TheB8,-GPI-dependent aCL directly bind to the modified form, 1gG3 subclass specificity were not detected in NOD mice sera. We

but not to be the native form ¢@,-GPI in SLE patients [27]. The

are looking for the target antigens reactive with IgG3 autoanti-

B2-GPI-dependent aCL in NOD mice directly bound to the mod- bodies. In addition, immunohistochemical studies revealed the
ified form of 3,-GPI immobilized on the carboxylated plate, but predominant accumulation of IgG2a- or IgG3-positive B lympho-
not to the native form oB,-GPI on the plain plate. In addition, we cytes within insulitis. These results, taken together, suggest that

also showed that,-GPI-dependent aCL bound to complex@f

autoimmunity in NOD mice may be associated with the Th1l pre-

GPIl and CL, but not to the native solulfe-GPI alone based on an dominant immunological response both locally and systemically.

inhibition test. Therefore, these findings suggest that the epitopes

Although the appearance @b-GPI-dependent and -indepen-

which are recognized by these antibodies are expressed on dent aCL in NOD mice was clearly demonstrated in this study,
modified form of 3-GPIl by a conformational change which further studies are still called for to elucidate the exact role of aCL
occurs when3,-GPI interacts with an oxygen-substituted solid- in the immunological mechanism.

phase surface, or with cardiolipin. Alternatively, it is possible that
the epitope includes the linkage of tisg-GPI with the oxygen-
substituted surface or with CL.
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addition, theB,-GPI binds to anionic phospholipids and exhibits
anticoagulant propertiem vitro [31]. For example,8>-GPI has
been shown to inhibit the contact phase of intrinsic blood coagula-

tion [32], interfere with adenosine diphosphate (ADP)-dependent 1

platelet aggregation, and inhibit the prothrombinase activity of
platelets [33,34], which are all anticoagulant properties. It was
reported that the interaction 86-GPI-dependent aCL angb-GPI

could be relevant to thrombotic disease associated with aCL in
SLE patients [35]. Accordingly, we are tempted to speculate that
theB>-GPI-dependent aCL in NOD mice sera might play a new and

significant role as a model of the autoantibodies associated withs

pathogenesis and/or the progression of diabetic micro- and macro-

angiopathy in IDDM. Several animal models such as NZB, MRL- 5

Ipr/lpr or NZB/BXSB F, mice have been reported to produce aCL
with concomitant development of thrombosis [36]. Based on these

findings, NOD mice should also be added to the list of animal 6

models of anti-phospholipid syndrom@,-GPI-independent aCL

has been reported to be detected in patients with syphilis [25,26],7

but the pathological role of these antibodies in NOD mice remains
unclear.

Our data also showed that the immunoglobulin subclasses ofg

both of theB,-GPI-dependent and -independent aCL in NOD mice
have been found to belong mainly to IgG2a. The regulation of

immunoglobulin subclass expression has been attributable to T cel®

control of antibody response, especially the nature and amount of

cytokines produced [37,38]. It was reported that in mice at least?

three CD4 subsets exist: Thl, Th2 and ThO. Th1 cells secrete IL-
2, interferon-gamma (IFN9 and tumour necrosis factor (TNF),
and support macrophage activation, DTH responses and immuno-
globulin isotype switching to 19G2a and 19G3. Th2 cells secrete

IL-4, IL-5, IL-6, IL-10 and IL-13, and provide efficient help for B 12

cell activation, for both switching to the IgG1 and IgE isotypes, and
for antibody production. ThO cells are characterized by the

REFERENCES

Makino S, Kunimoto K, Muraoka et al. Breeding of a non-obese
diabetic strain of mice. Exp Anim 198@29:1-13.

2 Fujita Y, Yui R, Kusumoto Yet al. Lymphocyte insulitis in a non-obese

diabetic (NOD) strain of mice: an immunohistochemical and electron
microscope investigation. Biochem Res 198229-43.

3 Sizuru JA, Taylor-Edwardd C, Banks Bét al. Immunotherapy of the

nonobese diabetic mouse: treatment with an antibody to T-helper
lymphocytes. Science 198840659—62.

Wang Y, Hao L, Gill RGet al. Autoimmune diabetes in NOD mouse is
L3T4 T-lymphocyte dependent. Diabetes 1988:535-8.

Atkinson MA, Maclaren NK. Autoantibodies in nonobese diabetic mice
immunoprecipitate 64,000-Mr islet antigen. Diabetes 1881587 —

90.

Reddy S, Bibby NJ, Elliott RB. Ontogeny of islet cell antibodies, insulin
autoantibodies and insulitis in the non-obese diabetic mouse.
Diabetologia 198831:322-8.

Charlton B, Mandel TE. Progression from insulitisdt@ell destruction

in NOD mouse requires L3T4 T-lymphocytes. Diabetes 1988;
37:1108-12.

Bendelac A, Carnaud C, Boitard & al. Syngenic transfer of auto-
immune diabetes from diabetic NOD mice to healthy neonates. J Exp
Med 1987;166823—-32.

Michel C, Boitard C, Bach JF. Insulin autoantibodies in non-obese
diabetic (NOD) mice. Clin Exp Immunol 19895:457—-60.

Tisch R, Yang X-D, Singer St al.Immune response to glutamic acid
decarboxylase correlates with insulitis in non-obese diabetic mice.
Nature 1993366.72—75.

1 Kaufman DL, Clare-Salzler M, Tianet al. Spontaneous loss of T-cell

tolerance to glutamic acid decarboxylase in murine insulin-dependent
diabetes. Nature 19936669—72.

Castano L, Russo E, Zhou ét al. Identification and cloning of a
granule autoantigen (carboxypeptidase H) associated with type |
diabetes. J Clin Endocrinol Metab 19913:1197-201.

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:173-180



180 K. Anzaiet al.

13 Harris EN, Gharavi AE, Boey Mlet al. Anticardiolipin antibodies: recognizef,-glycoprotein | structure altered by interacting with an
detection by radioimmunoassay and association with thrombosis in  oxygen modified solid phase surface. J Exp Med 19949457-62.
systemic lupus erythematosus. Lancet 1983211-3. 28 Vinik Al, Holland MT, Leichter SBet al. Phospholipid and glutamic

14 Koike T, Sueishi M, Tomioka tdt al. Anti-phospholipid antibodies and acid decarboxylase autoantibodies in diabetic neuropathy. Diabetes
biological false positive serological test for syphilis in patients with Care 1995181225-32.
systemic lupus erythematosus. Clin Exp Immunol 1983193-9. 29 Vaarala O, Manttari M, Manninen ¥t al. Anti-cardiolipin antibodies

15 Asherson RA, Harris EN. Anticardiolipin antibodies—clinical and risk of myocardial infarction in a prospective cohort of middle-aged
associations. Postgrad Med J 1988;1081-7. men. Circulation 199591:23-27.

16 Vaarala O, Palosuo T, Kieemola &t al. Anticardiolipin response in 30 The Antiphospholipid Antibodies in Stroke Study (APASS) Group.
acute infections. Clin Immunol Immunopathol 1984;8-15. Anticardiolipin antibodies are an independent risk factor for first

17 Matsuura E, Igarashi Y, Fujimoto kgt al. Anticardiolipin cofactor (s) ischemic stroke. Neurol 19933:2069-73.
and differential diagnosis of autoimmune disease. Lancet 199031 Wurm H.B3,-glycoprotein | (apolipoprotein H) interactions with phos-
336177-8. pholipid vesicles. Int J Biochem 19846:511-5.

18 McNeil HP, Simpson RJ, Chesterman @ al. Anti-phospholipid 32 Schousboe |B,-Glycoprotein |: a plasma inhibitor of the contact
antibodies are directed against a complex antigen that includes a lipid- activation of the intrinsic blood coagulation pathway. Blood 1985;

binding inhibitor of coagulation8,-glycoprotein | (apolipoprotein H). 66:1086-91.
Proc Natl Acad Sci USA 199(87:4120—4. 33 Nimpf J, Wurm H, Kostner GM3,-Glycoprotein | (apo-H) inhibits the

19 Galli M, Comfurius P, Maassen €t al. Anticardiolipin antibodies release reaction of human platelets during ADP-induced aggregation.
(ACA) directed not to cardiolipin but to a plasma protein cofactor. Atherosclerosis 198783:109-14.
Lancet 19903351544-7. 34 Nimpf J, Wurm H, Kostner GM. Interaction @5-glycoprotein | with

20 Anzai K, Nakamura M, Nagafuchi & al. Production of anti-cardio- human blood platelets: influence upon the ADP-induced aggregation.
lipin antibody in AKR/J mice with streptozocin-induced insulitis and Thromb Haemostas 19854:397-401.
diabetes. Diab Res Clin Pract 1998)29-37. 35 Viard JP, Amoura Z, Bach JF. Association of g8yiglycoprotein |

21 Lorini R, d’Annunzio G, Montecucco @t al. Anticardiolipin anti- antibodies with lupus-type circulating anticoagulant and thrombosis in
bodies in children and adolescents with insulin-dependent diabetes systemic lupus erythematosus. Am J Med 1982181—6.
mellitus. Eur J Pediatr 1998,54105-8. 36 Smith HR, Hansen CL, Rosed al. Autoimmune MRL-Ipr/lpr are an

22 Loizou S, McCrea JD, Rudge A& al. Measurement of anti- cardio- animal model for the secondary antiphospholipid syndrome. J

lipin antibodies by an enzyme linked immunosorbent assay (ELISA):  Rheumatol 199017:911-5.
standardization and quantitation of results. Clin Exp Immunol 1985;37 Stevens TL, Bossie A, Sanders V&t al. Regulation of antibody

62:738—-45. isotype secretion by subsets of antigen-specific helper T cells. Nature
23 Nonaka M, Matsuda Y, Shiroishi @t al. Molecular cloning of mouse 1988;334:255-8.

B2-glycoprotein | and mapping of the gene to chromosome 11.38 Snapper CM, Paul WE. Interfergnand B cell stimulatory factor-1

Genomics 199213:1082-7. reciprocally regulate 1g isotype production. Science 1288944—7.

24 Matsuura E, lgarashi Y, Fujimoto Mt al. Heterogeneity of anti- 39 Mosmann TR, Coffmann RL. Heterogeneity of cytokine secretion
cardiolipin defined by the anticardiolipin cofactor. J Immunol 1992; patterns and functions of helper T cells. Adv Immunol 1988,111—
1483885-91. 47.

25 Matsuda J, Saitoh N, Tsukamoto &t al. Measurement of,-glyco- 40 Snapper CM, Finkelman FD, Paul WE. Differential regulation of IgG1
protein | (apolipoprotein H)-independent anticardiolipin antibody in and IgE synthesis by interleukin 4. J Exp Med 19887:183-96.
human immunodeficiency virus-1-positive and -negative hemophiliacs41 Katz JD, Benoist C, Mathis D. T helper cell subsets in insulin-
Am J Hematol 199343:146-8. dependent diabetes. Science 198631185-8.

26 Matsuda J, Saitoh N, Gohchié€ al. 3,-glycoprotein I-dependentand - 42 Healey D, Ozegbe P, Arden &al In vivo activity andin vitro
independent anticardiolipin antibody in patients with end-stage renal  specificity of CD4 Th1 and Th2 cells derived from the spleens of
disease. Thrombosis Res 1992;109-17. diabetic NOD mice. J Clin Invest 19985:2979-85.

27 Matsuura E, lgarashi Y, Yasuda €t al. Anticardiolipin antibodies

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$11:173-180



