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Abstract

Background (32-glycoprotein | (32GPIl) complexed with human leukocyte antigen DR (32GPI/HLA-DR) was found
to be a major autoantibody target in antiphospholipid syndrome (APS). This study aimed to reveal the association
between anti-32GPI/HLA-DR antibodies and vascular thromboses in women with systemic rheumatic diseases.

Methods We conducted a retrospective longitudinal study. We measured anti-B2GPI/HLA-DR antibodies and com-
pared them with anti-phospholipid antibody (aPL) profiles and the adjusted global antiphospholipid syndrome score
(@aGAPSS). Using receiver operating characteristic (ROC) analysis, we determined the best cut-off value for arterial
thrombosis. We also evaluated the validity of anti-32GPI/HLA-DR antibodies by adding to conventional cardiovascular
risk factors in multivariate logistic analysis.

Results We evaluated 704 patients, including 66 (obstetric or thrombotic) APS, 13 primary APS, and 78 asymptomatic
aPL carriers. Seventy-seven patients had a history of arterial thrombosis, and 14 patients had both arterial and venous
thrombosis. These 14 patients, as well as patients with aGAPSS > 10 or triple-positive aPL profiles, displayed high anti-
B2GPI/HLA-DR antibody titers. The ROC curve showed a sensitivity, specificity, and area under the curve (AUC) for arte-
rial thrombosis of 33.8%, 91.4%, and 0.6009, respectively, with a cut-off value of 172.359 U/mL. The anti-B2GPI/HLA-DR
antibody positivity using this cut-off value yielded an odds ratio of 5.13 (95%Cl: 2.85-9.24), significantly improving

the AUC from 0.677 to 0.730.

Conclusion Anti-B2GPI/HLA-DR antibodies are associated with arterial thrombosis in female patients with systemic
rheumatic diseases.
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Introduction

Antiphospholipid syndrome (APS) is an autoim-
mune disorder characterized by thrombotic or
obstetric events with persistent aPL antibodies [1].
B2glycoprotein I (B2GPI) is one of the primary phos-
pholipid-binding proteins recognized by aPL [2]. When
the circular type B2GPI binds to negatively charged
molecules, such as an immobilized anionic phospho-
lipid like cardiolipin (CL) or negatively charged solid
plates [3], it transforms into a linear domain that con-
tains a pathogenic epitope [4]. The binding of f2GPI to
phospholipids is closely linked to the risk of thrombosis
in APS [5].

We currently apply anti-B2GPI (ap2GPI) and anti-CL
(aCL) antibody assays to detect aPL antibodies, which are
pretty good at picking out APS patients. However, stand-
ardized quantitative solid-phase enzyme-linked immu-
nosorbent assay (ELISA) cannot fully diagnose all APS
patients with clinical manifestations satisfying the crite-
ria [6].

We have recently discovered that p2GPI could also
bind to specific major histocompatibility complex (MHC)
class II molecules and serve as one of the main autoanti-
body targets in the development of APS [7]. Anti-B2GPI/
HLA-DR antibodies can specifically detect patients with
recurrent pregnancy loss [8] or with idiopathic chronic
limb ulcers [9] and are believed to provide two advan-
tages with respect to the pathogenesis of APS. First,
anti-p2GPI/HLA-DR antibodies have an enhanced abil-
ity to bind to disease-susceptible HLA alleles [7]. Second,
B2GPI/HLA-DR molecules can appear on the endothe-
lial cell surface under inflammatory conditions, such as
in elevated levels of interferon (IFN)-gamma (IFNy) and
tumor necrosis factor-alpha (TNFa) [7, 10, 11]. These
mechanisms may explain the positive correlation of
increased IFN type I expression with anti-$2GPI antibod-
ies [12] and justify the finding that aPL-positive individu-
als with systemic rheumatic diseases are at a greater risk
of thrombosis than those without systemic rheumatic
diseases [13].

Therefore, we hypothesized that anti-p2GPI/HLA-DR
antibodies could be highly expressed in patients with
systemic rheumatic diseases, possibly contributing to
thrombosis.

Patients suffering from systemic rheumatic diseases
(in particular with disorders characterized by systemic
inflammation) are thought to be at increased risk for
developing cardiovascular events [14]. Hence, this study
aimed to determine the association between anti-$2GPI/
HLA-DR antibodies and vascular thrombosis in women
with systemic rheumatic diseases and to elucidate
whether the anti-B2GPI/HLA-DR antibodies represent
an additional risk factor.
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Patients and methods

Patients and ethics

This was a single-centered, cross-sectional study. Our
study followed the Declaration of Helsinki guidelines
and was approved by the Institutional Review Boards
of our centers (approval no. B190102 at Kobe Univer-
sity Hospital); the project “Baby and Infant in Research
of health and Development to Adolescent and Young
adult” received support from the Japan Agency for Medi-
cal Research and Development (AMED). This project
focused on women aged above the reproductive age, who
were planning a pregnancy or those with a pregnancy
history.

All included participants were female patients who fol-
lowed up in our department from April 2020 to Decem-
ber 2021 with provided written informed consent.

We assessed medical records, questionnaires, and labo-
ratory tests. We retrieved information regarding throm-
botic events, conventional cardiovascular risk factors,
and medications of corticosteroids, hydroxychloroquine,
immunosuppressive agents, and oral anticoagulants.

Classification criteria for systemic rheumatic diseases
Patients with APS fulfilled the updated Sapporo—Sydney
classification criteria [1], while asymptomatic aPL carri-
ers only fulfilled the laboratory criteria. Patients with sys-
temic lupus erythematosus (SLE) met the updated 1997
American College of Rheumatology (ACR) classification
criteria for SLE or the 2012 Systemic Lupus Interna-
tional Collaborating Clinics classification criteria [15, 16].
Patients with mixed connective tissue disease (MCTD)
were classified using the 2019 Diagnostic criteria for
MCTD [17], but those who met the diagnosis of SLE
were classified as SLE. Patients with systemic sclerosis
(SSc) fulfilled the 2013 ACR/European Alliance of Asso-
ciations for Rheumatology (ACR/EULAR) classification
criteria [18]. Patients with Sjogren’s syndrome (SjS) sat-
isfied the ACR/EULAR 2016 classification criteria [19].
Some patients with rheumatic autoimmune diseases who
fulfilled the classification criteria were diagnosed with
idiopathic inflammatory myositis (IIMs), Bechet’s dis-
ease, ANCA-associated arthritis, and large-vessel arteri-
tis, including Takayasu’s arteritis and giant cell arteritis.
The remaining patients were evaluated based on clinical
diagnoses by a rheumatologist. Two women who did not
fulfill the classification criteria for rheumatic autoim-
mune disorders were included as unclassified connective
tissue disease (UCTD).

Data collection

Demographic and study characteristics

Our survey considered factors such as age, disease
duration, body mass index (BMI), current or past
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smoking, pack-year smoking index, arterial hyperten-
sion (>140/90 mmHg or using antihypertensive drugs),
dyslipidemia (total serum cholesterol or triglyceride lev-
els>230 mg/dL and 150 mg/dL, respectively, or being
on lipid-lowering medications, such as statins), diabetes
(plasma glycated hemoglobin levels>6.5% and fasting
plasma glucose 126 mg/dL, 2 h after oral glucose toler-
ance test or casual plasma glucose above 200 mg/dL,
respectively, or using insulin or oral antidiabetic drugs),
past or present family history of stroke or myocardial
infarction, and personal history of thrombosis.

Vascular thrombotic morbidity

Thrombotic complications were defined as previ-
ously described [20]. Arterial thrombotic events were
confirmed by their clinical features or imaging stud-
ies using computed tomography (CT) scanning, mag-
netic resonance imaging (MRI), or angiography (arterial
thromboses are compiled in Figure S1B). A transient
ischemic attack (TIA) was excluded due to the absence
of modalities.

Venous thrombotic events consisted mostly of venous
thromboembolism, which were detected not only by their
clinical features but also by imaging studies using com-
puted tomography, angiography, or scintigraphy. Seven
patients with retinal venous thrombosis (retinal vein
occlusion) were diagnosed appropriately by an ophthal-
mologist. A patient with atrial thrombosis was detected
by transthoracic echocardiography. Thus, the study clas-
sified these events as venous thrombotic events.

Patients without these thrombotic events were consid-
ered to have no thrombosis.

Obstetric morbidity
Pregnancy complications were defined as follows:

+ Three or more recurrent miscarriages at gestational
age <10 weeks

« Fetal death at gestational age > 10 weeks

+ Premature birth before the 34th week of gestation
due to hypertensive disorders of pregnancy, such as
preeclampsia or placental insufficiency.

Conventional cardiovascular risk factors for arterial
thrombosis and adjusted global APS score calculation

The assessment of cardiovascular risk, age, arterial
hypertension, diabetes, smoking habit, dyslipidemia,
and BMI was considered to be based on some tradi-
tional risk factors [21]. The adjusted global APS score
(aGAPSS) [22] was calculated as previously described.
aGAPSS is a composite measure to estimate the risk of
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arterial thrombosis; aGAPSS > 10 points indicates a sig-
nificant risk for ischemic stroke [23] and cardiovascu-
lar disease [24]. aGAPSS>14 (aGAPSS>13) points are
associated with the highest risk of clinical recurrence in
patients with APS [25]. Referring to a previous study for
risk stratification with aGAPSS [26], the aGAPSS clus-
ter was categorized as follows: none (<1 point), very low
(1-3 points), low (4-5 points), middle (6—9 points), high
(10-13 points), and very high (> 14 points).

Detection of autoantibodies

Serum samples were collected from 704 patients. Of
these, 343 patients were tested for the aPL panel using
commercially available chemiluminescent immunoas-
say (CIA) kits, including both aCL and anti-B2GPI IgG/
IgM antibodies, and evaluated multiple aPL antibodies.
Positive aCL was defined as aCLIgG/IgM levels>20 U/
mlL; positive anti-p2GPI was defined as anti-B2GPI IgG/
IgM levels >20 U/mL. This study adopted the aPL panel
test, QUANTA Flash® (INOVA Diagnostics), detected
by HemosIL ACL AcuStar® (Instrumentation Laboratory
(IL)), which was provided by IL Japan (Tokyo, Japan).
Their cut-off values were assigned to 20 U/mL for posi-
tivity of anti-CL or anti-f2GPI IgG/IgM, reported as the
99th percentile of the distribution of 250 healthy donors
[27]. However, these cut-off values were refined to lower
than 20 U/mL, using 626 healthy donors [28]. These
revised cut-off values yielded a slight decrease in specific-
ity. Hence, we have adopted the cut-off values to define
positivity as 20 units/mL to compare with anti-B2GP1/
HLA-DR antibodies.

Additionally, we retrospectively surveyed the following
aPL autoantibodies detected by commercially available
enzyme immunoassay (EIA) solid-phase kits: aCL IgG
antibodies and aCL P2 glycoprotein I (anti-CLB2GPI)
IgG antibodies. Positive aCL was defined as aCLIgG
levels>10 U/mL (10.2 U/mL is 99th percentile value);
positive anti-CLB2GPI was defined as anti-CLB2GPI IgG
levels>3.5 U/mL (1.8 U/mL is 99th percentile value), as
recommended by the manufacturer of each kit.

Lupus anticoagulant (LA) was measured according to
the guidelines [29]. For positive LA using silica clotting
time, the normalized screen ratio was defined as>1.20.

Positivity of either 1, 2, or 3 assays, including aCL IgG/
IgM, anti-p2GPI IgG/IgM antibodies using CIA or EIA
kits, and LA, was defined as single, double, and triple-
positive, respectively.

Non-criteria aPL autoantibodies, such as anti-
phosphatidylserine-prothrombin (aPS/PT), were not
measured since these are not yet covered by medical
insurance.
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Measurement of levels of antibodies for 2GPI/HLA-DR
Anti-B2GPI/HLA-DR antibodies (Revorf Co., Ltd. Tokyo,
Japan.) were quantified based on a previously reported
method [8]. The reference value was determined as 73.3
U/mL with a 99th percentile value in 374 healthy control
participants after outlier removal [30].

Statistical analyses
All statistical analyses were performed using R (version
4.1.2).

The data are expressed in positive or negative numbers,
percentages for categorical variables, mean +standard
deviation, or median and interquartile range. The chi-
squared and Fisher’s exact tests were used for categori-
cal variables, as appropriate. The Mann—Whitney U and
Kruskal-Wallis tests, with post hoc comparisons using
the Steel-Dwass tests, were used to compare continu-
ous variables between groups. A two-tailed p-value <0.05
indicated a significant difference between arterial and
non-arterial thrombosis groups.

Receiver operating characteristic (ROC) analyses were
conducted to demonstrate the optimal cut-off value of
anti-p2GPI/HLA-DR antibodies in differentiating arterial
thrombosis from non-arterial thrombosis. We evaluated
the performances of different aPL antibodies by calculat-
ing the area under the curve (AUC), sensitivity, and spec-
ificity of the suggested cut-off values by using Fisher’s
exact tests and the Youden index. Spearman’s Rank cor-
relation coefficient was calculated to analyze the corre-
lation between anti-p2GPI/HLA-DR antibody titers and
aP2GPI IgG antibody or aCL IgG antibody titers.

Multivariate logistic regression models were prepared
to estimate the risk of arterial thrombosis associated
with potential predictors, including clinical or sociode-
mographic variables such as age, disease duration, BMI,
pack-year smoking index, current doses of prednisolone,
dyslipidemia, arterial hypertension, diabetes, and the cut-
off of anti-B2GPI/HLA-DR antibodies. Variables in these
models were based on conventional cardiovascular risk
factors for arterial thrombosis, adjusted global APS score,
and significant factors in univariate analysis. The variance
inflation factor (VIF) was used to check multicollinear-
ity. The AUC was evaluated and compared the discrimi-
nation efficacy of the multivariate model. Further, the
Delong test for comparison of AUCs, Net reclassifica-
tion improvement (NRI), and integrated discrimination
improvement (IDI) analyses were conducted to evaluate
and compare potential net benefits by adding the thresh-
old of anti-p2GPI/HLA-DR antibody. Calibration plots
were calculated with the regression modeling strategies
(rms) package in R. The outcome of the odds ratios is
presented together with the 95% confidence interval (CI).
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The level of statistical significance was set at a two-tailed
a-value of 0.05 by default.

Multiple imputation

BM]I, disease duration, and pack-year smoking had miss-
ing values. We adjusted the dataset with multiple imputa-
tion (MI) by chained equation (MICE) package (version
3.15.0) [31]. We replaced missing values with comple-
mentary values by using the following covariates to pro-
duce 20 filled-in datasets through the imputation process:
age, disease duration, height, body weight, BMI, smoking
history, pack-year smoking index, dyslipidemia, arterial
hypertension, diabetes, anti-p2GPI/HLA-DR antibod-
ies, aGAPSS, with or without arterial thrombosis, several
laboratory data (platelet cell count, C-reactive protein,
erythrocyte sedimentation rate, IgG subtype, comple-
ments component 3 and 4, different aPL titers), presence
or absence of current medications, which include current
doses of prednisolone, hydroxychloroquine, or immuno-
suppressive agents.

Results

Demographic and clinical characteristics of enrolled
patients

Among the 721 patients, 704 samples were collected in
the dataset, and 17 were excluded owing to lost visits
(Figure S1A). We identified 77 patients with histories of
arterial thrombosis, including only arterial thrombosis
(n=63) and both arterial and venous thrombosis (n=14).
The group of non-arterial thrombosis (n=627) included
patients with no history of thrombosis (#=583) or with
venous thrombosis only (n=44). Among the 77 patients
with arterial thrombosis, the most common manifesta-
tion was cerebral infarction (Figure S1B).

Clinical and demographic characteristics stratified
according to the presence of arterial thrombosis are
reported in Table 1. Some cardiovascular risks, such as
age, arterial hypertension, smoking, and current dos-
age of prednisolone, were detected more frequently in
patients with arterial thrombosis than among partici-
pants with non-arterial thrombosis (Table 1). Distribu-
tions of aPL autoantibodies, particularly ap2GPI IgG
subtypes, LA positivity, anti-p2GPI/HLA-DR antibody
levels, and aGAPSS, tended to be higher in the arterial
thrombosis group than in the non-arterial thrombosis

group.

Titers of anti-B2GPI/HLA-DR antibodies in different clinical
groups

Figure 1A illustrates the primary diseases among the
704 patients in a clockwise direction of the pie chart.
Anti-B2GPI/HLA-DR antibodies among different clini-
cal groups are shown in Fig. 1B-F, and the frequencies
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Table 1 Baseline characteristics of patient epidemiology and laboratory findings
Variables Subjects Thrombosis p-value?
Overall Non-arterial Arterial
all=704" N=627" N=77
Demographics
Age, mean (xSD), years 704 57.1+£158 56.7+159 605+144 0.046
Female sex, n (%) 704 (100%) 627 (100%) 77 (100%) 1.000
Disease duration, median (IQR), years 699 12(6,21) 12 (6, 20) 14 (5, 23) 0.405
The maximum dose of prednisolone, median (IQR), mg/day 622 25 (5,45) 20 (3.75,45) 30 (10, 50) 0.020
Current dose of prednisolone, median (IQR), mg/day 704 2(0,5) 2(0,5) 45(1,5.5) <0.001
Conventional cardiovascular risk factors
BMI, mean (+SD), kg/m2 458 215+40 214141 220+34 0.124
Smoking history, n (%)

No 528 (75%) 475 (76%) 53 (69%) 0.133

Former 84 (12%) 70 (11%) 14 (18%)

Current 14 (2.0%) 1(1.8%) 3(3.9%)

Unknown 78 (11%) 71 (11%) 7 (9.1%)

Pack-year smoking, mean (+SD) 620 2.20+6.68 1.90+6.01 466+104 0.026
Arterial hypertension, n (%) 169 (24%) 137 (22%) 32 (42%) <0.001
Diabetes mellitus, n (%) 76 (11%) 64 (10%) 2 (16%) 0.151
Dyslipidemia, n (%) 203 (29%) 179 (29%) 24 (31%) 0.632
Family History of thrombosis, n (%)

Coronary diseases 16 (2.3%) 16 (2.5%) 0 (0%) 1.000

Stroke 34 (4.8%) 31 (4.9%) 3(3.9%) 1.000

Autoantibodies for aPL
aCL IgG [EIA], median (IQR), U/mL 304 6.00 (3.00, 10.25) 6.00 (2.70, 9.00) 7.99 (3.00, 21.50) 0.060
aCLB2GPI IgG [EIA], median (IQR), U/mL 378 0.69(0.69,1.19) 0.69(0.69,1.19) 0.70 (0.69, 1.99) 0.022
aCL IgG [CLIA], median (IQR), U/mL 343 545 (3.73,9.20) 5.35(3.68, 8.75) 6.95 (4.00, 14.50) 0.050
aCL IgM [CLIA], median (IQR), U/mL 343 2.20(1.30,4.40) 2.10(1.30,4.35) 250 (1.60, 4.85) 0339
a32GPI IgG [CLIA], median (IQR), U/mL 343 6.39 (6.39, 10.05) 6.39 (6.39, 8.90) 6.39 (6.39,42.95) 0.006
al32GPI IgM [CLIA], median (IQR), U/mL 343 1.09 (1.09, 1.85) 1.09 (1.09, 1.80) 1.09 (1.09, 1.88) 0.802
LA test, Positive no./total no 368 83/368 (23%) 59/314 (19%) 24/54 (44%) <0.001
Anti-B2GPI/HLA-DR, median (IQR), U/mL 704 34.15(11.92,80.21) 3343(11.82,7481) 61.61(13.36,256.39) 0.004
APS profile and adjusted global APS score (aGAPSS)
Patients of APS / aPL carrier, n(%)

Fulfill the APS classification criteria 66 (9.4%) 32 (5.1%) 34 (44%) <0.001
Primary APS (PAPS) 13 (1.8%) 9 (1.4%) 4 (5%) <0.001
Secondary APS (SAPS) 53 (7.5%) 23 (3.6%) 30 (39%) <0.001
Catastrophic APS (CAPS) 0 (0%) 0 (0%) 0 (0%) 1.000

Asymptomatic aPL carrier 78 (11%) 78 (12%) 0 (0%) 1.000

aGAPSS, median (IQR) 368 3.00 (0.00, 5.00) 1.00 (0.00, 4.00) 4,00 (1.50,12.25) <0.001
Other laboratory data
PLT, median (IQR),X]O“/HL 702 23(19,27) 23(19,28) 23 (19, 26) 0427
CRP, median (IQR), mg/dI 702 0.04 (0.02,0.15) 0.04 (0.02,0.14) 0.05(0.02,0.19) 0.409
IgG, median (IQR), mg/dl 527 1,230 (986, 1,531) 1,234 (993, 1,535) 1,187 (942,1,512) 0436
IgA, median (IQR), mg/d| 213 235 (164, 336) 236 (167, 333) 232 (149, 380) 0.998
IgM, median (IQR), mg/dl 211 83(51,119) 85 (52,119) 72 (44,117) 0.462
(3, median (IQR), mg/dl 316 84 (71,100) 83 (70, 98) 92 (74, 105) 0.065
C4, median (IQR), mg/dl 311 17 (12,23) 17(12,23) 15(12,22) 0.782
Anti-DNA [RIA], median (IQR), IU/mL 151 5.00 (2.00, 11.00) 5.00(2.00, 11.50) 4.50(1.99, 8.25) 0.530
Anti-dsDNA IgG [EIA], median (IQR), IU/mL 123 240 (1.15,6.10) 2.30(1.05,6.10) 345 (2.10,6.08) 0.294
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Table 1 (continued)
Variables Subjects Thrombosis p-value?
Overall Non-arterial Arterial
all=704" N=627" N=77
Anti-U1RNP antibody, Positive no. /total no 404 153/404 (38%) 136/355 (38%) 17/49 (35%) 0.754
Anti-Sm antibody, Positive no. /total no 368 88/368 (24%) 79/322 (25%) 9/46 (20%) 0.580
Anti-SS-A/Ro antibody, Positive no. /total no 485 213/485 (44%) 186/429 (43%) 27/56 (48%) 0.567
RF, median (IQR), IU/mL 400 34114,102] 35[14,101] 201[11,99] 0.283

Abbreviations: APS, antiphospholipid antibody syndrome; aGAPSS, adjusted Global Antiphospholipid Syndrome Score; aCL, anticardiolipin antibody; aB2GPI, anti-
B2GPI antibody; BMI, body mass index; CIA, chemiluminescent immunoassay; CRP, C-reactive protein; EIA, enzyme immunoassay; IQR, interquartile range; LA, lupus
anticoagulant; PLT, platelet; RF, rheumatoid factor; SD, standard deviation; Sm, Smith (antigen); SS-A/Ro, Sjégren syndrome A/Ro (antigen); UTRNP, U1 small nuclear

ribonucleoprotein (antigen)
T n (%) for categorical data; mean +SD or median (IQR) for qualitative data

2 pearson chi-square test (or chi-square test with the Yates continuity, or Fisher's exact test if appropriate) for categorical data, and the Mann-Whitney U test for

qualitative data

of occurrence and details with arterial thrombosis are
tabulated in Figure S1B and Table S1. The majority of
the systemic rheumatic diseases had a high cut-off
value of more than 99th percentile (Fig. 1B). Although
patients with primary APS showed no deviations
between the two groups, patients with secondary APS
showed higher anti-B2GPI/HLA-DR antibody levels in
the arterial thrombosis group than those in the non-
arterial thrombosis group (Fig. 1C). Anti-p2GPI/HLA-
DR antibody titers were significantly higher in patients
with both arterial and venous thrombosis than those
with no or venous-only thrombosis (Fig. 1D). There
were no significant differences between the aPL car-
rier and definite APS (Figure S2A). The anti-B2GPI/
HLA-DR antibody levels were elevated in patients
with thrombotic APS, while patients with obstet-
ric APS did not show increased antibody levels com-
pared with those in the aPL carrier (Figure S2B). The
more remarkable clusters of aGAPSS or aPL positivity
showed higher frequencies of arterial thrombosis and
the median of anti-p2GPI/HLA-DR antibodies (Fig. 1E,
F). Frequencies of arterial thrombosis with the aGAPSS
clusters are depicted in Figure S3.

(See figure on next page.)

The diagnostic value of anti-B2GPI/HLA-DR antibodies

The ROC curve of the anti-p2GPI/HLA-DR anti-
body showed a sensitivity, specificity, and AUC for
arterial thrombosis of 33.8%, 91.4%, and 0.6009,
respectively, with a cut-off value of 172.359 U/mL
(Fig. 2A). We assessed the diagnostic performances
of aPL antibodies for arterial thrombosis with uni-
variate ROC analysis and Fisher’s exact test (Fig. 2B
and Table 2, respectively). The anti-p2GPI/HLA-DR
antibody in the 99th percentile had greater sensitiv-
ity to ap2GPI than the other isotype. The anti-p2GPI/
HLA-DR antibodies had a plausible ROC curve, and
their optimal cut-off (>172.359 U/mL) yielded better
accuracy than the other autoantibodies for aPL. From
the scatter plot analysis comparing the performance
for the detection of arterial thrombosis between
anti-B2GPI/HLA-DR antibody and af2GPI IgG anti-
body or aCL IgG antibody (Fig. 2C, D), about 30% of
patients who were positive for anti-p2GPI/HLA-DR
antibody but aB2GPI-negative or aCL-negative had
histories of arterial thrombosis. Spearman’s rank cor-
relation rho in patients with positive for both anti-
bodies were 0.387 (p-value=0.0508) for anti-p2GPI/

Fig. 1 Levels of anti-B2GPI/HLA-DR antibodies in all participants with primary diseases. Abbreviations: AAV, ANCA-associated vasculitis; aGAPSS,
adjusted global APS score; aCl, anticardiolipin antibody; aB2GPI, anti-B2GPI antibody; aPL, antiphospholipid antibody; APS, antiphospholipid

antibody syndrome; BD, Bechet disease; /IMs, idiopathic inflammatory myopathies; LA, lupus anticoagulant; LWV, large-vessel vasculitis; pAPS, primary
antiphospholipid antibody syndrome; RA, rheumatoid arthritis; /S, Sjogren’s syndrome; SLE, systemic lupus erythematosus; SS¢, systemic sclerosis.

A Anti-32GPI/HLA-DR antibodies were quantified in patients with various primary systemic rheumatic diseases. B Anti-32GPI/HLA-DR antibody
titers (in U/mL) from each primary disease. The dashed line indicates the cut-off value of 172.359 U/mL, resulting from Fig. 3. A cut-off value

of 73.3 U/mL has been reported when comparing APS to healthy participants. C Anti-32GPI/HLA-DR antibody titers among different APS subsets
(carrier/primary/secondary). D Anti-32GPI/HLA-DR antibody titers were significantly higher in patients with both arterial and venous thrombosis
than in those with no or venous-only thrombosis. E Among different aPL subsets (none/single/double/triple-positive), anti-32GPI/HLA-DR antibody
titers increased with the order of increasing aPL positivity. F Anti-32GPI/HLA-DR antibody titers increased with increasing order of aGAPSS clusters:
none (< 1 point), very low (1-3 points), low (4-5 points), middle (6-9 points), high (10-13 points), and very high (= 14 points)
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Fig. 2 Optimal cut-off and comparison of univariate ROC curve analysis. Abbreviations: AUC, area under the curve; aCl, anticardiolipin antibody;
aB2GPI, anti-B2GPI antibody; CIA, chemiluminescent immunoassay; ROC, receiver operating characteristic. A Receiver operating characteristics
(ROC) analysis for anti-32GPI/HLA-DR antibodies was performed to determine the most suitable cut-off value that maximized the area

under the curve (AUC) between non-arterial thrombosis (n=627) and arterial thrombosis (n=77). The ROC analysis revealed an AUC of 0.601

with a sensitivity and specificity of 33.8% and 91.4%, respectively, at the optimal cut-off level of 172.359 U/mL, using Youden’s index. B Five

ROC plots of the individual aPLs were compared to each parameter that contains aCL IgG [EIA], aCLBR2GPI IgG [EIA], aCL IgG [CIA], a32GPI [CIA],

and the anti-B2GPI/HLA-DR antibody. Other differential aPLs are listed in Table 2. The ROC curve for the anti-32GPI/HLA-DR antibody was the same
blue curve seen in A. C, D Comparison between anti-32GPI/HLA-DR antibody titers and a2GPI IgG antibody or aCL IgG antibody titers. The cut-off
value of 172.359 U/ml for the anti-32GPI/HLA-DR antibody was shown as the blue line. The 99th percentile cut-off value of 20 U/ml for aB2GPI IgG
antibody or aCL IgG antibody was shown as the green or yellow line, respectively. The number and percentage of patients with histories of arterial

thrombosis among included patients in each quadrant were presented
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HLA-DR antibody and aPf2GPI IgG antibody and
0.559 (p-value=0.0116) for anti-p2GPI/HLA-DR anti-
body and aCL IgG antibody, respectively. In addition,
to assess the potential impact of anti-B2GPI/HLA-DR
antibody alone, we extracted patients with all nega-
tive aPL profiles (n=203). Twenty-seven patients
showed higher titers of anti-p2GPI/HLA-DR antibody
than the cut-off value, and 26% of them had histo-
ries of arterial thrombotic events. In contrast, among
one hundred seventy-six patients with lower titers of
anti-p2GPI/HLA-DR antibody than the cut-off value,
only 5.7% of them had histories of arterial thrombotic
events (p=0.003, Fisher’s exact test).

Assessment for conventional cardiovascular risk factors
with anti-B2GPI/HLA-DR antibody

Further, we examined the impact of anti-B2GPI/HLA-DR
antibodies in the multivariate models.

Table 3 shows the results of the univariable or multi-
variable logistic regression analysis for arterial throm-
bosis with complete cases and MI. The VIFs were under
five for all independent variables. In multivariate analysis
with complete cases, higher age, higher current doses of
prednisolone, and anti-B2GPI/HLA-DR antibody lev-
els>172.359 U/mL were significantly associated with
arterial thrombosis. A high pack-year smoking index and
a proportion of arterial hypertension were adequately
related to arterial thrombosis in cases with ML
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The odds ratio for anti-B2GPI/HLA-DR antibody lev-
els>172.359 U/mL was 5.13 (95% CI: 2.85-9.24) for
arterial thrombosis in multivariate analysis with ML
Disease duration, BMI, dyslipidemia, and diabetes were
not linked to arterial thrombosis in this study.

Improvement in multivariate models with anti-B2GPI/
HLA-DR antibody

We compared two multivariate and multiclass ROC
analyses (Table 3). These AUCs (Fig. 3) were used to
evaluate and compare the discrimination efficacy of the
multivariate models.

To detect arterial thrombotic events, anti-B2GPI/
HLA-DR antibody cut-off to the conventional cardio-
vascular risks improved the AUCs (model 1 vs. model
2; 0.677 to 0.730). Unfortunately, there were no signifi-
cant differences (model 1 vs. model 2; p=0.087) with
C-index improvement. Further analyses with continu-
ous NRI (model 1 vs. model 2; 0.447 [95% CI: 0.187—
0.707], p-value<0.001) and IDI (model 1 vs. model 2;
0.0446 [95% CI: 0.0143-0.0749], p-value=0.004) were
statistically significant. The calibration plots showed
the fitness of these two models (Figure S4). The addi-
tion of anti-B2GPI/HLA-DR antibody cut-off (model
2) showed discrimination and a better improvement of
calibration than the model of conventional cardiovas-
cular risk factors alone (model 1).

Table 3 Univariable and multivariable logistic regression analysis with multiple imputation

Univariate Multivariate
Complete cases (n=409) Multiple imputation
(n=704)

Conventional The addition of anti- The addition of anti-

cardiovascular risk factors B2GPI/HLA-DR antibody ~ B2GPI/HLA-DR antibody

alone (model 1) status (model 2) status (model 2)
Variables OR (95%(Cl) p-value  OR (95%Cl) p-value  OR (95%Cl) p-value  OR (95%Cl) p-value
Age 1.02 (1.00-1.03)  0.050 1.02 (1.00-1.04)  0.043 1.03 (1.00-1.05)  0.027 01(0.99-1.03) 0.059
Disease duration 1.01(0.99-1.03)  0.341 1.00 (0.98-1.03)  0.790 1.00 (0.98-1.03)  0.850 1.00 (0.98-1.02) 0610
Body mass index 1.04 (0.97-1.10)  0.270 1.02 (0.95-1.09) 0651 01(0.94-1.09) 0.730 (O 94-1.08) 0.750
Pack-year smoking 1.04(1.02-1.07) 0.002 1.03 (1.00-1.07)  0.063 1.03(1.00-1.07)  0.073 1 04( -1 07) 0.007
Current doses of prednisolone  1.07 (1.01-1.13)  0.014 1(1.02-1 20) 0.012 1(1.03-1 20) 0.009 07 (1.0 13) 0018
Dyslipidemia 3(0.68-1.89) 0632 0.73(0.35-1.49) 0387 0.78 (0.37-1.61)  0.500 0.77 (042-1.40) 0401
Arterial hypertension 254 (156-4.16)  <0.001 82 (0.93-3. 58) 0.081 81 (0.91-3. 61) 0.092 2.37(1.33-4. 23) 0.003
Diabetes 62 (0.83-3.17) 0.155 04 (0.42-2.56)  0.932 26 (0.5 12) 0620 5(052-252) 0723
Anti-B2GPI/HLA-DR antibody 0(2.94-887) <0001 — — 439( 14— 903) <0001  513(285-9.24) <0.001

status (cut-off=172.359 U/ml)

Abbreviations: Cl, confidence interval; OR, odds ratio

The variance inflation factors were <5 for all of the independent variables. Compared with the non-arterial thrombosis group, the arterial thrombosis group had a
significantly positive anti-B2GPI/HLA-DR antibody cut-off (odds ratio: 5.13; 95% Cl: 2.85—9.24) in multivariate logistic regression analysis with multiple imputation.
Increased age, a high prednisolone dose, high pack-year smoking, and a history of arterial hypertension were significantly associated with arterial thrombosis
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Fig. 3 Comparison of ROC curves between multivariate logistic regression models and reclassification analysis. Abbreviations: ROC, receiver
operating characteristic; AUC, area under the curve; NRI, net reclassification improvement; /DI, integrated discrimination improvement; C/,
confidence interval; OR, odds ratio. Comparison between two models in multivariate logistic regression analysis with complete cases (n=409).
Variables for model 1; conventional cardiovascular risk factors contain age, disease duration, body mass index, smoking habit, the current dose

of prednisolone, dyslipidemia, arterial hypertension, and diabetes. Variables for model 2; adding anti-B2GPI/HLA-DR antibody cut-off to model 1.
There was no significant difference with C-index improvement for the detection of arterial thrombosis, but continuous NRI and IDI were statistically

significant

Discussion

To the best of our knowledge, this is the first study to
elucidate the association between anti-p2GPI/HLA-DR
antibodies and arterial thrombotic episodes in female
patients with various systemic rheumatic diseases.

In regard to venous thromboses, many risk factors,
such as age, immobility, dehydration, obesity, pregnancy,
cancer, surgery, and anti-tumor drugs or estrogen ther-
apy [32], vary considerably from those of arterial throm-
bosis and are sometimes transient. Hence, it was difficult
to establish the association between anti-B2GPI/HLA-
DR antibodies and venous thrombosis from this cross-
sectional study. Above all, p2GPI-dependent aCL and
anti-p2GPI antibodies are reported to be key predictors
of arterial thrombosis [33, 34]. Thus, this study focused
on arterial thrombosis.

Moreover, Japanese APS patients are likely to have the
predominant type of arterial thrombosis [35]. Most arte-
rial thromboses in APS are cerebral vasculature, usually
in the form of a stroke or TIA [36]. Similarly, our study
population also showed an equivalent distribution of
arterial thrombosis.

Interestingly, approximately one-third of the study
participants showed anti-p2GPI/HLA-DR antibody
titers above the 99th percentile calculated from healthy
controls.

Although SLE or MCTD, wherein the HLA-DRs
are related to disease susceptibility, tend to have high
titers [37-39], HLA-DR variations alone could not jus-
tify this finding. The disease-susceptible MHC class II
alleles of APS (HLA-DRB1*04, HLA-DRB1*07) are effi-
ciently expressed on the cell surface in combination with

non-peptide P2GPI and recognized by aPL. Simultane-
ously, almost all HLA-DRs, except HLA-DRB1*04 and
HLA-DRB1*07, also express 2GPI and bind to aPL [7,
40]. Although we could not show evidence of the study
patient’s MHC class 1II, its heterogeneity in background
diseases influenced the variation in anti-p2GPI antibod-
ies among various systemic rheumatic diseases.

Particularly, pro-inflammatory cytokines, such as IFNy
and TNFaq, are important for MHC class II expression on
non-antigen-presenting cells [41, 42]. In addition, IFNy
and TNFa promote the f2GPI/HLA-DR expression on
endothelial cells [7]. The type I IFN signature affects the
pathogenesis of several rheumatic autoimmune diseases,
including SLE, RA, SSc, IIMs, and APS [43, 44]. Type I
IEN upregulation also affects the increased production
of circulating plasmablasts linked to aPL [45]. Thus, the
upregulation of various cytokines, including type I IFN,
in various primary diseases could explain the high titers
of anti-B2GPI/HLA-DR antibodies.

Additionally, the anti-B2GPI/HLA-DR antibody titers
were increased in the subset with arterial thrombotic epi-
sodes and were more frequent and significantly higher in
patients with triple-positive or aGAPSS > 10, which were
previously reported to be at an increased risk for arterial
thrombosis. IFNy or TNF« itself is crucial in accelerat-
ing inflammatory atherogenesis. Moreover, anti-p2GPI
antibodies themselves may increase vascular inflamma-
tion and enhance atherosclerosis [46]. Anti-B2GPI anti-
bodies are also significantly associated with the thickness
of the intima-media [47]. Anti-B2GPI/HLA-DR antibod-
ies induced on these inflammatory sites and mediated
pro-inflammatory atherothrombosis may demonstrate
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pathogenic mechanisms of cardiovascular events in sys-
temic rheumatic diseases. Hence, the anti-B2GPI/HLA-
DR antibody can indicate the quantitative risk for arterial
thrombosis, which may aid in calculating the reasonable
cut-off value using univariate ROC analysis.

Unfortunately, all primary APS patients included in this
study were only thirteen, and only four of those patients
were classified into the arterial thromboses group. There-
fore, we could not discuss whether the difference in the
titers of anti-p2GPI/HLA-DR antibodies between the
arterial thrombosis group and the non-arterial thrombo-
sis group were specific in secondary APS but not in pri-
mary APS. In the bivariate analysis, the higher current
and maximum doses of glucocorticoids are expected to
be higher cumulative doses, suggesting higher disease
activity in the arterial thrombus group. Although the
titers of anti-DNA (anti-dsDNA) antibodies and the posi-
tivity of the other types of autoantibodies were not differ-
ent in both groups, higher anti-p2GPI/HLA-DR antibody
levels may reflect an over-expressed type I IFN signature
and B-cell responses based on disease activity in patients
with histories of arterial thrombosis.

In general, arterial thrombosis is frequent in triple-
positive cases with high f2GPI IgG levels. No thrombosis
with aPL carriers is considered a pre-thrombotic phase
and needs reevaluation as a trigger for the development
of thrombotic APS [48]. These triggers include reported
infection, smoking, long-term immobility, pregnancy,
oral contraceptive, malignancy, nephrosis, arterial hyper-
tension, and hyperlipidemia [49]. In addition, the higher
complication rates of classical cardiovascular risk factors
in the arterial thrombosis group may also derive from
the higher disease activity and cumulative glucocorticoid
doses. Therefore, it is necessary to investigate the inde-
pendent performance of anti-p2GPI/HLA-DR antibodies
in a combination of generic cardiovascular risk factors.
Accordingly, we confirmed the clinical benefit of setting
an anti-B2GPI/HLA-DR antibody cut-off to the conven-
tional cardiovascular risks in a multivariate model. The
positivity of the anti-B2GPI/HLA-DR antibody was the
independent factor and showed the highest odds ratio
among several factors, including the current dosage of
glucocorticoids.

It is well known that the significance may be underes-
timated in the difference with C-index improvement by
the Delong methods [50]. Therefore, we evaluated the
added predictive ability of a new marker by calculating
continuous NRI and IDI analyses [51]. As a result, we
considered that anti-p2GPI/HLA-DR antibodies yielded
significant discrimination found in Fig. 3. However, the
predictive performance for arterial thrombosis should
be checked by internal validation [52]. The odds ratio in
the anti-B2GPI/HLA-DR antibody cutoff of 4.39 (95%CI:
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2.14-9.03) showed discrimination and a good improve-
ment of calibration.

By using sera from patients with the diagnosis of APS,
our previous study showed that anti-B2GPI/HLA-DR
antibody was more sensitive than ap2GPI IgG antibody
or aCL IgG antibody. At the same time, the titers of anti-
B2GPI/HLA-DR antibody and af2GPI IgG antibody or
aCL IgG antibody were well-correlated in patients posi-
tive for both antibodies [7]. In the present study of female
patients with various autoimmune diseases, the serum
samples in patients with positive for both antibodies
had also a correlation between the anti-p2GPI/HLA-DR
antibody titers and anti-B2GPI IgG antibody or aCL IgG
antibody titers. Furthermore, the proportions of patients
with histories of arterial thrombosis in the anti-p2GPI/
HLA-DR antibody alone-positive population were higher
than those in ap2GPI IgG antibody or aCL IgG antibody
alone-positive population. Anti-p2GPI/HLA-DR anti-
body above the cut-off value could detect patients with
histories of arterial thrombosis, even in aPL-negative
cases. These results are similar to those of our previous
study, which reported that anti-B2GPI/HLA-DR antibod-
ies could detect shared epitopes with p2GPI complexes
formed with either cardiolipin or negatively charged
plates while recognizing the other unique epitopes [7].

Simultaneously, our results implied that high blood
pressure, high amounts of smoking, increased age, and
high daily glucocorticoid doses could help screen arte-
rial thrombotic risk. Similarly, Erkan et al. reported high
blood pressure and smoking as risk factors for arterial
thrombosis [49]. Cumulative and higher daily glucocor-
ticoid doses are considered clinical predictors of throm-
bosis or atherosclerosis in patients with SLE [53, 54].
EULAR recommendations for cardiovascular risk have
indicated glucocorticoid dose minimization in SLE and
vasculitis [55].

In some clinical studies, the global antiphospholipid
syndrome score (GAPSS) is often applied as the scor-
ing scale to identify the increased risk of thrombosis
or APS. aGAPSS, which excludes aPS/PT antibody, is
more straightforward than GAPSS. Yet, the glucocorti-
coid dose and the amount of smoking are not included
in aGAPSS. We should consider these as risk factors for
arterial thrombosis due to a lack of validated rheumatic
disease-specific scales for cardiovascular risk, even if
there is a small odds ratio [56].

In this study, we identified the clinical decision limit at
172.359 U/mL for arterial thrombosis. Most clinicians
must verify if thromboses are related to APS because
some patients require persistent prophylaxis in cases
with severe, multiple, or recurrent thromboses. When
the difference between the diagnostic and treatment
threshold can be distinguished in these titers, this cut-off
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(>172.359 U/mL) may guide clinical practice for improv-
ing cardiovascular risk management.

The limitations of this study are as follows. First,
although patients in this study were tested for aPL, all
patients were not confirmed for the LA test using the
diluted Russell’s viper venom time, since multiple simul-
taneous tests are not accepted by medical insurance in
Japan. Second, only female participants were included
in this study. Male patients are known to be at high
risk of thrombotic recurrence [57]. Third, the number
of patients with arterial thrombosis was insufficient to
establish firm conclusions from the multivariate logistic
regression analysis with complete cases. Less than half
of patients have been tested for classical APS antibodies,
and complements also have less than half of the patient
data. Imputation analysis on these values might be inac-
curate. Fourth, this study was based on medical records
and questionnaires; there may be non-respondent and
recall bias. So, the titers of anti-p2GPI/HLA-DR antibod-
ies in the group of obstetric APS may not have shown
increased levels compared with those in the aPL carrier.
Fifth, we could not confirm the onset time of thrombo-
sis. The values of anti-B2GPI/HLA-DR antibodies may
have already decreased because the samples were not col-
lected in the active thrombotic phase.

Conclusions

In conclusion, we identified that the anti-p2GPI/HLA-DR
antibodies were related to arterial thrombosis in female
patients with systemic rheumatic diseases. Considering
that risk stratification is essential, the anti-B2GPI/HLA-
DR antibody may help suggest arterial thrombosis, even
though they coexist with conventional cardiovascular
risk factors, and determine the administration of antico-
agulants. Nonetheless, the performance of anti-p2GPI/
HLA-DR antibodies should be confirmed in a further
prospective investigation for external validation.

Abbreviations

aB2GPI Anti-B2-glycoprotein |

HLA-DR Human leukocyte antigen DR

APS Antiphospholipid syndrome

aGAPSS Adjusted global antiphospholipid syndrome score
ROC Receiver operating characteristic

AUC Area under the curve

aPL Anti-phospholipid antibody

aCL Anti-cardiolipin

ELISA Enzyme-linked immunosorbent assay

MHC Major histocompatibility complex

IFNy Interferon-gamma

TNFa Tumor necrosis factor-alpha

AMED Japan Agency for Medical Research and Development
SLE Systemic lupus erythematosus (SLE)

ACR American College of Rheumatology

MCTD Mixed connective tissue disease

SSc Systemic sclerosis

EULAR European Alliance of Associations for Rheumatology
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SjS Sjégren’s syndrome

IIMs Inflammatory myositis

UctD Unclassified connective tissue disease (UCTD)
BMI Body mass index (BMI)

cT Computed tomography

MRI Magnetic resonance imaging (MRI)

TIA Transient ischemic attack

CIA Chemiluminescent immunoassay
aCLR2GPI Anti-cardiolipin 32 glycoprotein |

LA Lupus anticoagulant

aPS/PT Anti-phosphatidylserine-prothrombin
VIF Variance inflation factor

NRI Net reclassification improvement

IRI Integrated discrimination improvement
@] Confidence interval

M Multiple imputation

MICE Multiple imputation by chained equation
BD Bechet disease

Lw Large-vessel vasculitis

PAPS Primary Antiphospholipid antibody syndrome
RA Rheumatoid arthritis

CRP C-reactive protein

EIA Enzyme immunoassay

IQR Interquartile range

PLT Platelet

SD Standard deviation

LR Likelihood ratio

OR Odds ratio

NPV Negative predictive value

PPV Positive predictive value

AZA Azathioprine

c¢sDMARDs  Conventional synthetic disease-modifying anti-rheumatic drugs
CNS Central nervous system

HCQ Hydroxychloroquine

IGU Iguratimod

IL-6R Interleukin-6 receptor

IS Immunosuppressant

IVCY Intravenous cyclophosphamide

VIG Intravenous immunoglobulin

LEF Leflunomide

MMF Mycophenolate mofetil

mPSL Methylprednisolone

MTX Methotrexate

MZR Mizoribine

POCY Per oral cyclophosphamide
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Additional file 1: Figure S1. (A) Flow diagram of the study design and

(B) pie chart of arterial thrombosis. A All female patients visited the depart-
ment of Rheumatology and Clinical Immunology at Kobe University Hos-
pital from April 2020 to December 2021. Of these, 721 patients consented
to the study, and 704 provided blood samples and questionnaires. Among
the 704 patients, 121 reported one or more events of thrombosis. A his-
tory of arterial thrombosis was reported in 77 patients, and 14 had both
arterial and venous thromboses. B The pie chart shows arterial thrombotic
episodes as a number per manifestation. The most common manifesta-
tion was cerebral infarction. Digital vascular complications included

finger thrombosis or gangrenes, excluding digital ulceration related to
scleroderma diagnosed by clinicians. Abdominal arterial thrombosis
includes thrombosis involving the abdominal aorta and the branch.
Figure S2. Anti-32GPI/HLA-DR antibody within each group. Abbrevia-
tions: aPL, antiphospholipid antibody; APS, Antiphospholipid antibody
syndrome. A Anti-B2GPI/HLA-DR antibody titers in patients with no aPL
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(LA, aCL, and aP2GPI were all negative), aPL carrier, and APS who fulfilled
the criteria. B Anti-B2GPI/HLA-DR antibody titers with variants of APS,
including thrombotic APS (tAPS), obstetric APS (0APS), both thrombotic
and obstetric APS (t+ 0APS), and aPL carrier (no thrombotic or obstetric
comorbidities related to APS). Figure S3. Frequency of arterial thrombosis
within each cluster of aGAPSS. Abbreviations: aGAPSS, adjusted global
APS score. The cluster of aGAPSS: none (< 1 point), very low (1-3 points),
low (4-5 points), middle (6-9 points), high (10-13 points), very high (> 14
points). Figure S4. Reliability diagram. A graph of the observed frequency
of arterial thrombotic events plotted against the score values obtained by
the predictive model in the multivariate logistic regression analyses. This
graph is often used for calibration visualization. The horizontal axis shows
the mean predicted score value, and the vertical axis shows the propor-
tion of positive labels for arterial thrombotic events. An extensive dashed
line for the situation in which predicted probabilities perfectly match the
observed probabilities is drawn as an ideal. Bootstrapping using 300 rep-
etitions was used to get the bias-corrected curve of the predicted versus
the actual probability. The apparent and bias-corrected curves got closer
to the ideal line in model 2 than in model 1.

Additional file 2: Table S1. Details of thrombosis episodes and aPL
categories.

Acknowledgements

The authors would like to thank all the members of the “Baby and Infant in
Research of Health and Development to Adolescent and Young Adults” sup-
ported by AMED for their advice and comments throughout the project.

Authors’ contributions

KY, YU, KT, HA, HY, and JS designed and supervised the study. KY and YU col-
lected medical records and data. KY, YU, and JS performed the analysis and
interpreted the data. All authors were involved in drafting the article or revis-
ing it critically for important intellectual content, and all authors approved the
final version of the manuscript.

Funding

This work was supported by AMED under grant numbers JP23ek0410088 (to
HA), JP21gk0110047 (to HY), and JP22gk0110061 (to HY); the Japan Society for
the Promotion of Science KAKENHI under grant number JP20K09642 (to HY).

Availability of data and materials

JS had complete access to all of the raw data in the study and took responsi-
bility for the integrity of the data and the accuracy of the data analysis. Data
are available upon reasonable request.

Declarations

Ethics approval and consent to participate
See the subsection “Patients and ethics”in the section “Patients and methods!

Consent for publication
Not applicable.

Competing interests
Drs. Tanimura and Arase hold a patent related to autoantibody detection (patent
no.W02015008498). No other disclosures relevant to this article were reported.

Author details

'Department of Rheumatology and Clinical Immunology, Kobe University
Graduate School of Medicine, 7-5-1 Kusunoki-Cho, Chuo-Ku, Kobe 650-0017,
Japan. 2Department of Obstetrics and Gynecology, Kobe University Graduate
School of Medicine, Kobe, Japan. *Department of Immunochemistry, Research
Institute for Microbial Diseases, Osaka University, Suita, Osaka 565-0871, Japan.
“Laboratory of Immunochemistry, World Premier International Immunology
Frontier Research Centre, Osaka University, Suita, Osaka 565-0871, Japan.
°Center for Recurrent Pregnancy Loss, Teine Keijinkai Hospital, Sapporo, Japan.

Received: 1 August 2023 Accepted: 19 September 2023
Published online: 06 October 2023

Page 14 of 15

References

1.

Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, et al.
International consensus statement on an update of the classification
criteria for definite antiphospholipid syndrome (APS). J Thromb Haemost.
2006;4:295-306.

McNeil HP, Simpson RJ, Chesterman CN, Krilis SA. Anti-phospholipid
antibodies are directed against a complex antigen that includes a lipid-
binding inhibitor of coagulation: 32-glycoprotein | (apolipoprotein H).
Proc Natl Acad Sci U S A. 1990,87:4120-4.

Agar C, Van Os GMA, Morgelin M, Sprenger RR, Marquart JA, Urbanus RT,

et al. 2-Glycoprotein | can exist in 2 conformations: implications for our
understanding of the antiphospholipid syndrome. Blood. 2010;116:1336-43.
de Laat B, van Berkel M, Urbanus RT, Siregar B, de Groot PG, Gebbink MF,
et al. Immune responses against domain | of B2-glycoprotein | are driven
by conformational changes: Domain | of 32-glycoprotein | harbors a
cryptic immunogenic epitope. Arthritis Rheum. 2011,63:3960-8.

De Laat B, Derksen RHWM, Urbanus RT, De Groot PG. IgG antibodies that
recognize epitope Gly40-Arg43 in domain | of 32-glycoprotein | cause
LAC, and their presence correlates strongly with thrombosis. Blood.
2005;105:1540-5.

Otomo K, Atsumi T, Amengual O, Fujieda Y, Kato M, Oku K, et al. Efficacy
of the antiphospholipid score for the diagnosis of antiphospholipid
syndrome and its predictive value for thrombotic events. Arthritis Rheum.
2012;,64:504-12.

Tanimura K, Jin H, Suenaga T, Morikami S, Arase N, Kishida K, et al.
B2-Glycoprotein I/HLA class Il complexes are novel autoantigens in
antiphospholipid syndrome. Blood. 2015;125:2835-44.

Tanimura K, Saito S, Nakatsuka M, Nagamatsu T, Fujii T, Fukui A, et al.

The (3 2-glycoprotein I/HLA-DR complex as a major autoantibody

target in obstetric antiphospholipid syndrome. Arthritis Rheumatol.
2020;72:1882-91.

Arase N, Tanimura K, Jin H, Yamaoka T, Kishibe M, Nishioka M, et al. Novel
autoantibody against the 2-glycoprotein I/human leucocyte antigen—
DR complex in patients with refractory cutaneous ulcers. Br J Dermatol.
2018;178:272-5.

. Jiang, Arase N, Kohyama M, Hirayasu K, Suenaga T, Jin H, et al. Transport

of misfolded endoplasmic reticulum proteins to the cell surface by MHC
class Il molecules. Int Immunol. 2013;25:235-46.

. Caronti B, Calderaro C, Alessandri C, Conti F, Tinghino R, Palladini G,

et al. B2-Glycoprotein | (32-GPl) mRNA is expressed by several cell types
involved in anti-phospholipid syndrome-related tissue damage. Clin Exp
Immunol. 1999;115:214-9.

. Palli E, Kravvariti E, Tektonidou MG. Type | interferon signature in primary

antiphospholipid syndrome: clinical and laboratory associations. Front
Immunol. 2019;10:1-7.

. Mustonen P, Lehtonen KV, Javela K, Puurunen M. Persistent antiphospholipid

antibody (aPL) in asymptomatic carriers as a risk factor for future thrombotic
events: a nationwide prospective study. Lupus. 2014;23:1468-76.

. Hollan I, Meroni PL, Ahearn JM, Cohen Tervaert JW, Curran S, Goodyear

CS, et al. Cardiovascular disease in autoimmune rheumatic diseases.
Autoimmun Rev. 2013;12:1004-15.

. Hochberg MC. Updating the American college of rheumatology revised

criteria for the classification of systemic lupus erythematosus. Arthritis
Rheum. 1997,40:1725-1725. https://doi.org/10.1002/art.1780400928.

. Petri M, Orbai AM, Alarcén GS, Gordon C, Merrill JT, Fortin PR, et al. Deriva-

tion and validation of the systemic lupus international collaborating
clinics classification criteria for systemic lupus erythematosus. Arthritis
Rheum. 2012;64:2677-86.

. Tanaka Y, Kuwana M, Fujii T, Kameda H, Muro Y, Fujio K, et al. 2019

Diagnostic criteria for mixed connective tissue disease (MCTD): From the
Japan research committee of the ministry of health, labor, and welfare for
systemic autoimmune diseases. Mod Rheumatol. 2021;31:29-33.

. Van Den Hoogen F, Khanna D, Fransen J, Johnson SR, Baron M, Tyndall A,

et al. 2013 classification criteria for systemic sclerosis: an American College
of Rheumatology/European League Against Rheumatism collaborative
initiative. Ann Rheum Dis. 2013;72:1747-55.

. Shiboski CH, Shiboski SC, Seror R, Criswell LA, Labetoulle M, Lietman TM,

et al. 2016 American College of Rheumatology/European League Against
Rheumatism classification criteria for primary Sjégren’s syndrome: a con-
sensus and data-driven methodology involving three international patient
cohorts. Arthritis Rheumatol. 2017,69:35-45.


https://doi.org/10.1002/art.1780400928

Yoneda et al. Arthritis Research & Therapy

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

(2023) 25:195

Mok CC, Tang SSK, To CH, Petri M. Incidence and risk factors of thrombo-
embolism in systemic lupus erythematosus: a comparison of three ethnic
groups. Arthritis Rheum. 2005,52:2774-82.

Goff DC, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB, Gibbons R,

et al. 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a
report of the American College of Cardiology/American Heart Association
Task Force on practice guidelines. Circulation. 2014;129:49-73.

Radin M, Schreiber K, Costanzo P, Cecchi |, Roccatello D, Baldovino S, et al.
The adjusted Global AntiphosPholipid Syndrome Score (aGAPSS) for risk
stratification in young APS patients with acute myocardial infarction. Int J
Cardiol. 2017;240:72-7.

Song X, Fan Y, JiaY, Li G, Liu M, XuY, et al. A novel aGAPSS-based nomogram
for the prediction of ischemic stroke in patients with antiphospholipid
syndrome. Front Immunol. 2022;13:1-11.

Di Minno MND, Scalera A, Tufano A, Ambrosino P, Bettiol A, Silvestri E, et al.
The association of adjusted Global AntiphosPholipid Syndrome Score
(aGAPSS) with cardiovascular disease in subjects with antiphospholipid
antibodies. Atherosclerosis. 2018;278:60-5.

Barilaro G, Esteves A, Della Rocca C, Perez-Isidro A, Araujo O, Pires da Rosa G,
et al. Predictive value of the adjusted Global Anti-Phospholipid Syndrome
Score on clinical recurrence in APS patients: a longitudinal study. Rheuma-
tology. 2023;62:1576-85. https://doi.org/10.1093/rheumnatology/keac485.
Sciascia S, Radin M, Sanna G, Cecchi |, Roccatello D, Bertolaccini ML. Clinical
utility of the global anti-phospholipid syndrome score for risk stratification: a
pooled analysis. Rheumatol (United Kingdom). 2018;,57:661-5.

de Moerloose P, Reber G, Musial J, Arnout J. Analytical and clinical perfor-
mance of a new, automated assay panel for the diagnosis of antiphospho-
lipid syndrome. J Thromb Haemost. 2010;8:1540-6.

Fontana P, Poncet A, Lindhoff-Last E, de Moerloose P, Devreese KM. Refine-
ment of the cutoff values of the HemoslL AcuStar assay for the detection

of anticardiolipin and anti-beta2 glycoprotein-1 antibodies. J Thromb
Haemost. 2014;12:2034-7.

Devreese KMJ, de Groot PG, de Laat B, Erkan D, Favaloro EJ, Mackie |, et al.
Guidance from the Scientific and Standardization Committee for lupus
anticoagulant/antiphospholipid antibodies of the International Society on
Thrombosis and Haemostasis: update of the guidelines for lupus anticoagu-
lant detection and interpretation. J Thromb Haemost. 2020;18:2828-39.
Tanimura K, Saito S, Tsuda S, Ono Y, Ota H, Wada S, et al. Anti-32-
glycoprotein I/HLA-DR Antibody and Adverse Obstetric Outcomes. Int J Mol
Sci. 2023;24:10958.

Yagi M, Yasunaga H, Matsui H, Morita K, Fushimi K, Fujimoto M, et al. Impact
of Rehabilitation on Outcomes in Patients with Ischemic Stroke: a nation-
wide retrospective cohort study in Japan. Stroke. 2017;48:740-6.

Kearon C, Akl EA, Ornelas J, Blaivas A, Jimenez D, Bounameaux H, et al.
Antithrombotic therapy for VTE disease: CHEST guideline and expert panel
report. Chest. 2016;149:315-52.

Ruffatti A, Del Ross T, Ciprian M, Bertero MT, Sciascia S, Scarpato S, et al. Risk
factors for a first thrombotic event in antiphospholipid antibody carriers: a
prospective multicentre follow-up study. Ann Rheum Dis. 2011;70:1083-6.
Pengo V, Ruffatti A, Legnani C, Testa S, Fierro T, Marongiu F, et al. Incidence
of a first thromboembolic event in asymptomatic carriers of high-risk
antiphospholipid antibody profile: a multicenter prospective study. Blood.
2011;1184714-8.

Fujieda Y, Atsumi T, Amengual O, Odani T, Otomo K, Kato M, et al. Predomi-
nant prevalence of arterial thrombosis in Japanese patients with antiphos-
pholipid syndrome. Lupus. 2012;21:1506-14.

Cervera R, Piette JC, Font J, Khamashta MA, Shoenfeld Y, Camps MT, et al.
Antiphospholipid syndrome: clinical and immunologic manifestations and
patterns of disease expression in a cohort of 1,000 patients. Arthritis Rheum.
2002;46:1019-27.

Hartung K, Coldewey R, Corvetta A, Deicher H, Kalden JR, Krapf F, et al. Mhc
gene products and anticardiolipin antibodies in systemic lupus erythemato-
sus results of a multicenter study. Autoimmunity. 1992;13:95-9.

Hashimoto H, Yamanaka K, Tokano Y, lida N, Takasaki Y, Kabasawa K, et al.
HLA-DRB1 alleles and beta 2 glycoprotein I-dependent anticardiolipin
antibodies in Japanese patients with systemic lupus erythematosus. Clin
Exp Rheumatol. 1998;16:423-7.

Oka S, Higuchi T, Furukawa H, Shimada K, Hashimoto A, Komiya A, et al. Pre-
disposition of HLA-DRB1*04:01/*15 heterozygous genotypes to Japanese
mixed connective tissue disease. Sci Rep. 2022;12:1-9.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Page 15 of 15

Jin H, Arase N, Hirayasu K, Kohyama M, Suenaga T, Saito F, et al. Autoantibod-
ies to IgG/HLA class Il complexes are associated with rheumatoid arthritis
susceptibility. Proc Natl Acad Sci U S A. 2014;111:3787-92.

Collins T, Korman AJ, Wake CT, Boss JM, Kappes DJ, Fiers W, et al. Immune
interferon activates multiple class Il major histocompatibility complex genes
and the associated invariant chain gene in human endothelial cells and
dermal fibroblasts. Proc Natl Acad Sci U S A. 1984;81:4917-21.

Pober JS, Gimbrone MA, Cotran RS, Reiss CS, Burakoff SJ, Fiers W, et al. la
expression by vascular endothelium is inducible by activated T cells and by
human gamma interferon. J Exp Med. 1983;157:1339-53.

Higgs BW, Liu Z, White B, Zhu W, White WI, Morehouse C, et al. Patients with
systemic lupus erythematosus, myositis, rheumatoid arthritis and sclero-
derma share activation of a common type | interferon pathway. Ann Rheum
Dis. 2011,70:2029-36.

Cecchil, Radin M, Rodriguez-Carrio J, Tambralli A, Knight JS, Sciascia S. Utiliz-
ing type | interferon expression in the identification of antiphospholipid
syndrome subsets. Expert Rev Clin Immunol. 2021;17:395-406.

Hisada RYO, Kato M, Sugawara ERI, Kanda M, Fujieda Y, Oku K, et al. Cir-
culating plasmablasts contribute to antiphospholipid antibody produc-
tion, associated with type | interferon upregulation. J Thromb Haemost.
2019;17:1134-43.

Wang X, Zhu X, Zhou H, Xia L, Wang T, Wang Z, et al. Anti-B2GPI antibod-

ies enhance atherosclerosis in ApoE-deficient mice. Biochem Biophys Res
Commun. 2019;512:72-8.

Tektonidou MG. Cardiovascular disease risk in antiphospholipid syndrome:
Thrombo-inflammation and atherothrombosis. J Autoimmun. 2022;128:
102813.

Gandhi AA, Estes SK, Rysenga CE, Knight JS. Understanding the pathophysi-
ology of thrombotic aps through animal models. Int J Mol Sci. 2021;22:1-15.
Erkan D, Yazici Y, Peterson MG, Sammaritano L, Lockshin MD. A cross-sec-
tional study of clinical thrombotic risk factors and preventive treatments in
antiphospholipid syndrome. Rheumatology. 2002;41:924-9.

Cook NR. Use and misuse of the receiver operating characteristic curve in
risk prediction. Circulation. 2007;115:928-35.

Steyerberg EW, Vickers AJ, Cook NR, Gerds T, Gonen M, Obuchowski N,

et al. Assessing the performance of prediction models. Epidemiology.
2010;21:128-38.

Collins GS, Reitsma JB, Altman DG, Moons KGM. Transparent reporting

of a multivariable prediction model for individual prognosis or diagnosis
(TRIPOD): the TRIPOD statement. BMJ. 2015;350:97594-g7594.

Doria A, Shoenfeld Y, Wu R, Gambari PF, Puato M, Ghirardello A, et al. Risk fac-
tors for subclinical atherosclerosis in a prospective cohort of patients with
systemic lupus erythematosus. Ann Rheum Dis. 2003;62:1071-7.

Park DJ, Yoon CS, Choi SE, Xu H, Kang JH, Lee SS. Risk factors for thrombotic
events in Korean patients with systemic lupus erythematosus. Sci Rep.
2021;11:1-8.

Drosos GC, Vedder D, Houben E, Boekel L, Atzeni F, Badreh S, et al. EULAR
recommendations for cardiovascular risk management in rheumatic and
musculoskeletal diseases, including systemic lupus erythematosus and
antiphospholipid syndrome. Ann Rheum Dis. 2022,81:768-79.

Balbi GGM, Ahmadzadeh Y, Tektonidou MG, Pengo V, Sciascia S, Ugarte A,

et al. Damage measured by Damage Index for Antiphospholipid Syndrome
(DIAPS) in antiphospholipid antibody-positive patients included in the APS
ACTION registry. Rheumatology. 2023,kead292. https://doi.org/10.1093/
rheumatology/kead292.

Qi W, Zhao J, Huang C, Jiang N, Li J, Wu C, et al. Clinical characteristics and
prognosis of patients with antiphospholipid antibodies based on cluster
analysis: an 8-year cohort study. Arthritis Res Ther. 2022,24:1-13.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1093/rheumatology/keac485
https://doi.org/10.1093/rheumatology/kead292
https://doi.org/10.1093/rheumatology/kead292

	Association of anti-β2-glycoprotein IHLA-DR complex antibody with arterial thrombosis in female patients with systemic rheumatic diseases
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Patients and ethics
	Classification criteria for systemic rheumatic diseases
	Data collection
	Demographic and study characteristics
	Vascular thrombotic morbidity
	Obstetric morbidity
	Conventional cardiovascular risk factors for arterial thrombosis and adjusted global APS score calculation
	Detection of autoantibodies
	Measurement of levels of antibodies for β2GPIHLA-DR

	Statistical analyses
	Multiple imputation

	Results
	Demographic and clinical characteristics of enrolled patients
	Titers of anti-β2GPIHLA-DR antibodies in different clinical groups
	The diagnostic value of anti-β2GPIHLA-DR antibodies
	Assessment for conventional cardiovascular risk factors with anti-β2GPIHLA-DR antibody
	Improvement in multivariate models with anti-β2GPIHLA-DR antibody

	Discussion
	Conclusions
	Anchor 28
	Acknowledgements
	References


