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Further Investigations of the Effects
of Anti-β2GP1 Antibodies on
Collagen-Induced Platelet Aggregation
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and Murray J. Adams, PhD1,2

Abstract
Anti-beta-2-glycoprotein 1 (anti-b2GP1) antibodies are associated with increased thrombotic risk in patients with autoimmune
disease. There is conflicting evidence on the effects of anti-b2GP1 antibodies on platelets, with both enhanced and inhibited
aggregation previously reported. However, previous studies did not include isotype antibodies to ensure the observed effects
were due to anti-b2GP1 antibodies. The aims of this study were to (1) investigate the effects of anti-b2GP1 antibodies on collagen-
induced platelet aggregation in parallel with negative control (buffer normal saline) and isotype control antibodies and (2)
determine the lupus anticoagulant (LA) activity of anti-b2GP1 antibodies used. Three animal-derived anti-human-b2GP1 anti-
bodies (1.25, 2.5, and 5 mg/mL) incubated with healthy platelet-rich plasma were activated by collagen (2.5 mg/mL). Each
anti-b2GP1 antibody demonstrated the inhibition of aggregation compared to negative control, but not to isotype control.
No anti-b2GP1 antibody demonstrated LA activity, suggesting they were probably nonpathological. This study highlights
both negative and isotype control markers are important to validate the effects of anti-b2GP1 antibodies. Assays to measure
anti-domain I-b2GP1 antibodies are recommended to be used in conjunction with functional measures to further investigate the
effects of anti-b2GP1 antibodies.
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Introduction

Anti-beta-2-glycoprotein 1 (anti-b2GP1) antibodies are a type

of antiphospholipid antibody that include a group of heteroge-

neous immunoglobulins (Igs) such as anticardiolipin antibodies

and lupus anticoagulants (LAs).1-3 The presence of anti-b2GP1

antibodies is associated with an increased risk of thrombosis

and/or pregnancy-related complications in patients with auto-

immune conditions, for example, antiphospholipid syndrome

(APS) and systemic lupus erythematosus (SLE). The risks are

even higher in patients with persistently high titers of antibo-

dies and/or positivity for LA activity,4-6 although the precise

mechanism(s) remain to be determined.

Anti-b2GP1 antibodies have been suggested to activate pla-

telets in the presence of b2GP1 via various platelet membrane

receptors, including apolipoprotein E receptor 20 (apoER20),7

glycoprotein Iba (GPIba),8 and the Fc Receptor for IgG,

(FcgRIIa).9 However, there are conflicting reports on the effects

of anti-b2GP1 antibodies on platelet activation and function

using adenosine diphosphate (ADP) and collagen as agonists

in in vitro systems. Both murine monoclonal10 and purified

human anti-b2GP1 antibodies from patients with SLE1 have

been demonstrated to enhance ADP-induced platelet aggrega-

tion, suggesting a prothrombotic role for anti-b2GP1 antibo-

dies. In contrast, affinity-purified rabbit anti-b2GP1

antibodies significantly inhibited ADP-induced platelet aggre-

gation, in a concentration-dependent manner.1,3 Furthermore,

anti-b2GP1 IgG antibodies in serum from patients with APS

have also demonstrated the inhibition of ADP-induced in vitro

platelet aggregation.11 Using collagen as an agonist in vitro

platelet aggregation was not affected by human serum contain-

ing anti-b2GP1 IgG antibodies11 but enhanced by rabbit-

derived anti-b2GP1 IgG antibodies.3 These discrepant results

may be due to the heterogeneous properties of anti-b2GP1
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antibodies, varying avidity, and/or different binding

specificities.

Previous studies investigating the effects of anti-b2GP1 anti-

bodies on platelets1,3,11 have not reported isotype controls used

in parallel to ensure that the inhibitory or pro-aggregatory

effects were due to the antibodies. Furthermore, they did not

determine whether the anti-b2GP1 antibodies demonstrated LA

activity, an established laboratory marker associated with a

higher risk of thrombosis in patients with APS and SLE.4,5,12

The aims of this study were to therefore (1) investigate the

effects of 3 anti-b2GP1 antibodies (and paired isotype control

antibodies) on collagen-induced in vitro platelet aggregation

and (2) determine the LA activity of anti-b2GP1 antibodies.

Methods

Ethics

This study was approved by the Tasmanian Health and Medical

Human Research Ethics Committee (Reference number

H0015749). All participants completed an informed written

consent prior to taking part in the study.

Participants

Healthy donors (n = 24; age, mean + SD = 30 + 10 years)

without any known hemostatic abnormality were recruited for

the study. Participants avoided aspirin and other antiplatelet

medications for 10 days prior to blood collection. They also

avoided food and beverage known to affect platelet function,

for example, garlic, coffee, and alcohol13,14 for at least 1 day

before blood donation.

Antibodies

Commercially available animal-derived IgG antibodies were

used in this study (Table 1). Anti-human-b2GP1 IgG antibodies

used included goat polyclonal (Bethyl Laboratories Inc, Mon-

tgomery, Texas), rabbit polyclonal (Hyphen-BioMed,

Neuville-sur-Oise, France), and rabbit monoclonal (Abcam,

Cambridge, United Kingdom) antibodies. Isotype control IgG

antibodies including goat polyclonal (Bethyl Laboratories Inc),

rabbit polyclonal (Thermo Scientific, Waltham, Massachu-

setts), and rabbit monoclonal (Abcam) antibodies, respectively,

were used in parallel.

Platelet Aggregation

Whole blood samples from healthy donors were collected into

3.8% sodium citrate vacutainer (Vacuette, Greiner Bio-One,

Kremsmünster) with minimal stasis and centrifuged at 150g for

10 minutes at room temperature (RT). After separating platelet-

rich plasma (PRP), the remaining sample was centrifuged at

2000g for 20 minutes at RT to collect platelet-poor plasma

(PPP). For all tests, the platelet count of PRP was adjusted to

250 � 109/L using PPP from the same donor (measured by

Sysmex XS 1000i; Sysmex, Lincolnshire, Illinois). Experimen-

tal testing was completed within 3 hours of blood collection.

Platelet aggregation was performed using a 4-channel

AggRAM module light transmission aggregometer (Helena

Laboratories, Beaumont, Texas). Aggregation was induced

by 2.5 mg/mL type I equine tendon collagen (25 mL; Helena

Laboratories). Two hundred microliters of PRP was first incu-

bated with 25 mL of commercially available anti-b2GP1 anti-

body or isotype control antibody (final concentrations 5, 2.5,

and 1.25 mg/mL) for 10 minutes at 37�C prior to activation by

collagen. Each concentration of antibody was tested in tripli-

cate (PRP + antibody), and a baseline control (PRP + buffer

normal saline, pH 7.1) was included in each run (4 channels: 3

tests + 1 control). Each experiment was repeated using PRP

from 4 different healthy donors. Aggregation software

(HemoRAM 1.1.0; Helena Laboratories) was used to generate

aggregation parameters including percentage maximum aggre-

gation (%MAX), percentage area under curve (%AUC), and

lag time. Results for baseline control were normalized to 0.

Differences between the results from antibodies and baseline

were then determined.

Lupus Anticoagulant Activity

STA-Coag lyophilized control citrated normal human plasma

(NP; Diagnostica Stago, Paris, France) was reconstituted with

distilled water and allowed to stand at RT for 30 minutes before

testing. The LA 1 screening and LA 2 confirmation reagents

(Siemens Healthcare Pty Ltd, Victoria, Australia) were recon-

stituted with distilled water, left at RT for 15 minutes, and then

prewarmed at 37�C prior to testing. The LA testing was per-

formed according to the manufacturer’s instructions (Siemens

Healthcare Pty Ltd). Briefly, NP was incubated for 10 minutes

with different commercially available anti-b2GP1 antibodies

(final concentrations 5, 2.5, and 1.25 mg/mL). Siemens LA 1

Table 1. Commercially Available IgG Antibodies Used in the Current Study.

Antibody Host Type Specificity Entrez Gene ID Company Catalog Number

Goat Polyclonal Human albumin 213 Bethyl Laboratories Inc A80-129
Goat Polyclonal Full length Human b2GP1 350 Bethyl Laboratories Inc A80-142A
Rabbit Polyclonal Non-specific N/A Thermo Scientific 02-6102
Rabbit Polyclonal Full length Human b2GP1 350 Hyphen-BioMed PA200A
Rabbit Monoclonal Non-specific N/A Abcam Ab125938
Rabbit Monoclonal Full length Human b2GP1 350 Abcam Ab108348

Abbreviations: b2GP1, beta-2 glycoprotein 1; IgG, immunoglobulin G.
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screening reagent (100 mL) containing Russell’s viper venom

and phospholipids was added to 100 mL of plasma spiked with

antibodies. Antibody-free NP and high and low LA controls

(100 mL) were also assessed. All clotting times were measured

using a STart coagulation analyzer (Diagnostica Stago, Paris)

in triplicate. Samples with a “screen” (S) clotting time greater

than 44 seconds were retested with LA 2 confirmation reagent

(containing higher amounts of phospholipid) to obtain a

“confirm” (C) clotting time. The normal ratio of S/C was 0.8

to 1.2. The ratios for weak, moderate, and strong LA activities

are 1.2 to 1.5, 1.5 to 2.0, and greater than 2, respectively.

Statistical Analysis

All figures were constructed using GraphPad Prism 7 (GraphPad

Software, Inc, La Jolla, California), with platelet aggregation

parameters (%MAX, %AUC, and lag time) expressed as the

mean of difference from baseline (normal buffered saline) +
standard error of the mean. Data were analyzed using mixed-

effects general linear modeling adjusted for repeated measures

(STATA version 14; StataCorp, College Station, Texas). Results

were tested for assumptions of linear regression. If violated, data

were analyzed again with repeated-measures ordinal logistic

regression. All P values were adjusted using Holm post hoc test.

P values less than .05 were considered as statistically significant.

Data from anti-b2GP1 antibodies were first compared against

baseline. If statistically significant, anti-b2GP1 antibodies results

were compared to their isotype control antibody to ensure those

effects were specific for anti-b2GP1 antibodies.

Results

Effects of Goat Polyclonal Anti-b2GP1 IgG Antibodies on
2.5 mg/mL Collagen-Induced Platelet Aggregation Against
Baseline and Isotype Control Antibodies

At all concentrations (1.25, 2.5, and 5 mg/mL) tested, goat

polyclonal anti-b2GP1 antibodies inhibited 2.5 mg/mL

collagen-induced platelet aggregation (%MAX and %AUC)

compared to baseline control (Figure 1A, B). Stronger inhibi-

tion of aggregation was demonstrated with increasing concen-

trations of anti-b2GP1 antibodies (eg, %MAX for 1.25, 2.5, and

5 mg/mL was �4.98% + 0.99%, P < .01; �5.81% + 1.00%,

P < .01; and �6.94% + 1.01%, P < .01, respectively). The

effects of anti-b2GP1 antibodies on lag time were the same as

baseline control (Figure 1C). Although goat polyclonal anti-

b2GP1 antibodies showed inhibitory effects compared to

baseline, these were not significantly different to the isotype

control antibodies (Figure 1A to C).

Effects of Rabbit Polyclonal Anti-b2GP1 IgG Antibodies on
2.5 mg/mL Collagen-Induced Platelet Aggregation Against
Baseline and Isotype Control Antibodies

Rabbit polyclonal anti-b2GP1 antibodies (1.25 mg/mL) signif-

icantly inhibited %MAX (�4.08% + 0.93%, P < .01) and

%AUC (�4.71% + 1.22%, P < .01) compared to baseline

control; however, their effects on lag time were the same as

baseline (Figure 1D to F). There was also no significant differ-

ence between the inhibitory effects of rabbit polyclonal anti-

b2GP1 and the isotype control antibodies (Figure 1D to F).

Effects of Rabbit Monoclonal Anti-b2GP1 IgG Antibodies
on 2.5 mg/mL Collagen-Induced Platelet Aggregation
Against Baseline and Isotype Control Antibodies

Rabbit monoclonal anti-b2GP1 antibodies (1.25 mg/mL) did not

show a significant difference compared to baseline; however,

2.5 and 5 mg/mL concentrations of anti-b2GP1 antibodies sig-

nificantly inhibited %MAX (�3.57% + 1.27%, P < .01 and

�4.56% + 1.27%, P < .01, respectively) and %AUC (�5.43%

+ 1.56%, P < .01 and�5.91% + 1.56%, P < .01, respectively;

Figure 1G, H). Furthermore, 2.5 mg/mL of rabbit monoclonal

anti-b2GP1 antibodies prolonged the lag time of aggregation

(3.01 + 1.35 seconds, P = .03; Figure 1I). The effect of rabbit

monoclonal anti-b2GP1 antibodies on platelet aggregation

was similar to their corresponding isotype antibodies

(Figure 1G to I).

Effects of Anti-b2GP1 Antibodies on LA Activity of NP

Goat polyclonal, rabbit polyclonal, and rabbit monoclonal

anti-b2GP1 antibodies did not demonstrate the LA activity

(Table 2).

Discussion

This study has demonstrated that the 3 commercially available

anti-b2GP1 antibodies inhibited in vitro collagen-induced (2.5

mg/mL) platelet aggregation, compared to baseline control (4%

to 9% inhibition; %MAX and %AUC). These antibodies, how-

ever, produced similar effects in comparison with the isotype

control antibodies investigated in parallel. Furthermore, the 3

anti-b2GP1 antibodies did not demonstrate the LA activity.

Taken together, these results suggest that the anti-b2GP1 anti-

bodies used in the current study may not be suitable for the in

vitro investigation of mechanisms of diseases where anti-

b2GP1 antibodies are implicated in the pathophysiology, such

as APS and SLE.

To our knowledge, only 2 published studies have previ-

ously investigated the effects of anti-b2GP1 antibodies on

collagen-induced platelet aggregation.3,11 The relatively

small amount of inhibition of aggregation by anti-b2GP1 anti-

bodies compared to baseline demonstrated in the current study

is similar to a previous study that investigated human serum

containing anti-b2GP1 IgG antibodies.11 However, this is in

contrast to a previous study by our group3 that demonstrated

increasing concentrations of rabbit polyclonal anti-b2GP1

IgG antibodies enhanced collagen-induced platelet aggrega-

tion (%AUC) compared to baseline control. As the changes to

aggregation in the presence of anti-b2GP1 antibodies com-

pared to baseline control are relatively small, this suggests
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that there may be some variability between sources of anti-

bodies, particularly binding strengths and/or specificities.

Furthermore, the very similar effects demonstrated by the

anti-b2GP1 antibodies used in the current study and their

paired isotype controls provide further evidence that these

commercially available anti-b2GP1 antibodies probably do

not have a significant effect on collagen-induced in vitro

platelet aggregation.

Figure 1. Effects of commercially available animal-derived polyclonal and monoclonal IgG antibodies on 2.5 mg/mL collagen-induced platelet
aggregation. Horizontal dotted lines represent the baseline (PRP + buffered normal saline only). For each antibody, results are presented as the
mean difference against baseline + standard error of the mean from 4 separate experiments. All 3 animal-derived anti-human-b2GP1 antibodies
had inhibitory effects compared to baseline control on 2.5 mg/mL collagen-induced platelet aggregation. However, these effects parallel with
their isotype control antibodies. b2GP1 indicates beta-2-glycoprotein 1; IgG, immunoglobulin G; PRP, platelet-rich plasma.
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It was also interesting to observe that none of the 3 com-

mercial anti-b2GP1 antibodies demonstrated the LA activity, as

determined by the dilute Russell viper venom coagulation test.5

This suggests that the antibodies used in the current study had

the characteristics of nonpathological “type B” anti-b2GP1

antibodies, as opposed to “type A” pathological antidomain

(D) I-b2GP1 antibodies that have been implicated in patients

with APS and SLE.15,16 Furthermore, the variable effects of

patient (SLE)-derived anti-b2GP1 and rabbit anti-b2GP1 anti-

bodies are consistent with data from a previous study that

investigated their effects on ADP-induced platelet aggrega-

tion.1 Anti-b2GP1 antibodies purified from 2 patients with SLE

demonstrated the concentration-dependent (1.25 to 10 mg/mL)

increases in platelet aggregation (%MAX, %AUC) in the pres-

ence of 2.5 and 5 mM ADP, compared to the inhibitory effects

of 10 mg/mL rabbit anti-b2GP1.1

The data presented in this study raise doubt about the suit-

ability of using animal-derived anti-b2GP1 for research studies

into the mechanisms of action of anti-b2GP1 antibodies. The

characteristics of animal-derived anti-b2GP1 antibodies may

vary as they are dependent on the structure of b2GP1 used to

immunize animals. In healthy human plasma, most b2GP1 is

present in a circular conformation.17 Animals immunized with

circular b2GP1 are less likely to generate type A anti-DI-b2GP1

antibodies as the cryptic epitope in DI is hidden by DV.17 This

is in contrast to when the cryptic epitope is/remains exposed

when circular-shaped b2GP1 transforms into the J-shaped con-

formation. Yet, transformation is only favored in b2GP1 with

increased oxidation18 or sialylation of glycan structure,19 nor-

mally found in patients with APS and SLE. Alkaline pH,17 high

salts,17 and b2GP1 concentration20 also promote transforma-

tion, but these conditions can only be generated in vitro.

Anti-b2GP1 IgG antibody subclasses have varying pathogeni-

cities.21 Anti-b2GP1 IgG2 and IgG3 antibodies are found in

patients with APS and healthy children, respectively. Yet, IgG3

antibodies activate C3c to enhance the clearance of anti-b2GP1–

b2GP1 complexes and protect children from complications.21,22

Therefore, it is possible that commercially available animal-

derived anti-b2GP1 antibodies are nonpathological type B IgG3

antibodies. The targeted epitope and subclasses of animal-

derived antibodies used in future studies need to be clarified to

better correlate with in vivo pathological manifestations.

Similarly, the source of collagen used to investigate the effects

of anti-b2GP1 antibodies on platelets may affect results. The type

I equine tendon collagen (Helena Laboratories) used in this study

to activate platelets in the presence of anti-b2GP1 antibodies

contained a substantial amount of von Willebrand factor (vWF).23

The presence of vWF in this reagent acts synergistically with

collagen to increase the potency of collagen in supporting platelet

adhesion and aggregation.23 We attempted to use 2 other sources

of collagen (calf skin type I acid soluble collagens, C3511 and

C9791, Sigma-Aldrich, St Louis, Missouri) in the current study,

but neither was able to induce platelet aggregation in a range of

healthy donors (data not shown). Whether the results in the cur-

rent study were due to pathways mediated by vWF, collagen, or

both was therefore unable to be determined.

Finally, it is possible that the PRP-based in vitro aggregation

system used in the study is not suitable to investigate the effects

of anti-b2GP1 antibodies on platelets.10,24 In vivo, platelets

expose negatively charged phospholipid after adherence to col-

lagen, allowing transformation of circular b2GP1 to J-shaped

and formation of complexes. Using a PRP-based in vitro aggre-

gation system, collagen and platelets in a fluid phase are not

exposed to damaged endothelial cells. Thus, exposure of nega-

tively charged platelet phospholipids only occurs to a minor

extent at the end of the aggregation process.24 The anti-b2GP1–

b2GP1 complexes might not be formed and therefore have no

effect on platelet aggregation. It may be that anti-b2GP1–

b2GP1 complexes only promote platelet interaction with col-

lagen under more physiological flow conditions.25 Moreover,

anti-b2GP1 antibodies may require additional exogenous

b2GP1 to activate platelets.26

Conclusion

This study demonstrated that the 3 commercially available

animal-derived anti-human-b2GP1 antibodies did not affect

collagen-induced in vitro platelet aggregation, relative to their

respective isotype controls. The antibodies used were probably

nonpathological, type B anti-b2GP1 antibodies as they had no

significant effect on collagen-induced in vitro platelet aggrega-

tion and did not demonstrate LA activity. This study highlights

the importance of using both isotype antibodies and negative

controls in parallel to validate the inhibitory or pro-aggregatory

effects of anti-b2GP1 antibodies. This study has also high-

lighted that caution is required when interpreting the effects

of anti-b2GP1 antibodies on platelets in clinical conditions, as

the effects are dependent on their targeted domain epitope.

Table 2. Lupus Anticoagulant (LA) Activity of Commercially Available
Anti-b2GP1 Antibodies, Lupus Patients’ IgG Fractions and Plasma.

L
S

(seconds)a
C

(seconds)b S/C LA

LA control lowc 63.8 + 0.3 46.2 + 0.6 1.4
LA control highd 81.4 + 0.5 42.5 + 0.1 1.9
NP 0 37.6 + 0.2 Normal
Goat polyclonal anti-
b2GP1 IgG + NP

5 37.2 + 0.2 Normal
2.5 37.1 + 0.2 Normal
1.25 37.0 + 0.1 Normal

Rabbit polyclonal anti-
b2GP1 IgG + NP

5 39.1 + 0.5 Normal
2.5 37.5 + 0.0 Normal
1.25 37.3 + 0.1 Normal

Rabbit monoclonal
anti-b2GP1 IgG +
NP

5 36.1 + 0.1 Normal
2.5 36.2 + 0.2 Normal
1.25 36.3 + 0.1 Normal

Abbreviations: [Antibody], final concentration of antibodies; anti-b2GP1, anti-
beta-2-glycoprotein 1; C, “confirm” clotting time; IgG, immunoglobulin G; LA,
lupus anticoagulant; NP, STA®-Coag lyophilized control citrated normal human
plasma; S, “screen” clotting time; S/C ratio, screen ratio/confirm ratio.
aResults were expressed as mean + standard deviation from 3 replicates.
bResults were expressed as mean (standard deviation) from 3 replicates.
cLow control S/C reference ratio: 1.35 to 1.65.
dHigh control S/C reference ratio: 1.7 to 2.4.
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Further studies are required to use anti-b2GP1 antibodies with

known targeted epitopes, for example, immunoassays, to mea-

sure anti-DI-b2GP1 antibodies to better correlate in vitro

results with clinical manifestations.

Acknowledgments

The authors would like to thank Jane Pittaway and Merrilyn Johnson

for their assistance with blood collection and processing, Malena

Hyde for her technical support, and all study participants for their

time and blood donations.

Declaration of Conflicting Interests

The author(s) declared no potential conflict of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for

the research, authorship, and/or publication of this article: This work

was supported by the Lupus Association of Tasmania and the Clifford

Craig Medical Research Trust, Launceston, Tasmania, Australia.

References

1. Betts NA, Ahuja KD, Adams MJ. Anti-b2GP1 antibodies have

variable effects on platelet aggregation. Pathology. 2013;45(2):

155-161.

2. De Groot PG, Urbanus RT. The significance of autoantibodies

against b2-glycoprotein I. Blood. 2012;120(2):266-274.

3. Palatinus AA, Ahuja KD, Adams MJ. Effects of antiphospholipid

antibodies on in vitro platelet aggregation. Clin Appl Thromb

Hemost. 2012;18(1):59-65.

4. Keeling D, Mackie I, Moore GW, Greer IA, Greaves M. Guide-

lines on the investigation and management of antiphospholipid

syndrome. Br J Haematol. 2012;157(1):47-58.

5. Miyakis S, Lockshin M, Atsumi T, et al. International consensus

statement on an update of the classification criteria for definite

antiphospholipid syndrome (APS). J Thromb Haemost. 2006;

4(2):295-306.

6. Urbanus RT, Derksen RH, De Groot PG. Current insight into

diagnostics and pathophysiology of the antiphospholipid syn-

drome. Blood Rev. 2008;22(2):93-105.

7. Korporaal SJ, Relou IA, Van Eck M, et al. Binding of low density

lipoprotein to platelet apolipoprotein E receptor 20 results in phos-

phorylation of p38 MAPK. J Biol Chem. 2004;279(50):52526-52534.

8. Zhang W, Gao F, Lu D, et al. Anti-b2 glycoprotein I antibodies in

complex with b2 glycoprotein I induce platelet activation via two

receptors: apolipoprotein E receptor 20 and glycoprotein Ib alpha.

Front Med. 2016;10(1):76-84.

9. Amirkhosravi A, Boulaftali Y, Robles-Carrillo L, et al. CalDAG-

GEFI deficiency protects mice from FcgRIIa-mediated thrombo-

tic thrombocytopenia induced by CD40 L and b2GPI immune

complexes. J Thromb Haemost. 2014;12(12):2113-2119.

10. Arvieux J, Roussel B, Pouzol P, Colomb M. Platelet activating prop-

erties of murine monoclonal antibodies to beta 2-glycoprotein I.

Thromb Haemost. 1993;70(2):336-341.

11. Mesquita HLD, Carvalho GRD, Aarestrup FM, Correa JODA,

Azevedo MRA. Evaluation of platelet aggregation in the presence

of antiphospholipid antibodies: anti-b2GP1 and anticardiolipin.

Rev Bras Reumatol. 2013;53(5):400-404.

12. Urbanus R, Derksen R, de Groot P. Platelets and the antipho-

spholipid syndrome. Lupus. 2008;17(10):888-894.

13. Ahuja KD, Adams MJ, Robertson IK, Ball MJ. Acute effect of a

high-carbohydrate low-fat meal on platelet aggregation. Platelets.

2009;20(8):606-609.

14. Ahuja K, Thomas G, Adams M, Ball M. Postprandial platelet

aggregation: effects of different meals and glycemic index. Eur

J Clin Nutr. 2012;66(6):722-726.

15. De Laat B, Derksen RH, De Groot PG. High-avidity anti-beta

glycoprotein I antibodies highly correlate with thrombosis in con-

trast to low-avidity anti-beta glycoprotein I antibodies. J Thromb

Haemost. 2006;4(7):1619-1621.

16. De Laat B, Derksen RH, Urbanus RT, De Groot PG. IgG anti-

bodies that recognize epitope Gly40-Arg43 in domain I of b2-

glycoprotein I cause LAC, and their presence correlates strongly

with thrombosis. Blood. 2005;105(4):1540-1545.

17. Agar C, Van Os GM, Morgelin M, et al. b2-Glycoprotein I can

exist in two conformations: implications for our understanding of

the antiphospholipid syndrome. Blood. 2010;116(8):1336-1343.

18. Kobayashi K, Kishi M, Atsumi T, et al. Circulating oxidized LDL

forms complexes with b2-glycoprotein I implication as an athero-

genic autoantigen. J Lipid Res. 2003;44(4):716-726.

19. Kondo A, Miyamoto T, Yonekawa O, Giessing AM, Osterlund EC,

Jensen ON. Glycopeptide profiling of beta-2-glycoprotein I by

mass spectrometry reveals attenuated sialylation in patients with

antiphospholipid syndrome. J Proteomics. 2009;73(1):123-133.

20. Perutkova S, Frank-Bertoncelj M, Rozman B, Kralj-Iglic V, Iglic

A. Influence of ionic strength and beta2-glycoprotein I concen-

tration on agglutination of like-charged phospholipid membranes.

Colloids Surf B Biointerfaces. 2013;111:699-706.

21. Fickentscher C, Magorivska I, Janko C, et al. The pathogenicity of

anti-b2GP1-IgG autoantibodies depends on Fc glycosylation. J

Immunol Res. 2015;2015.

22. Palarasah Y, Skjodt K, Brandt J, et al. Generation of a C3c spe-

cific monoclonal antibody and assessment of C3c as a putative

inflammatory marker derived from complement factor C3. J

Immunol Methods. 2010;362(1):142-150.

23. Bernardo A, Bergeron A, Sun C, et al. Von Willebrand factor

present in fibrillar collagen enhances platelet adhesion to collagen

and collagen-induced platelet aggregation. J Thromb Haemost.

2004;2(4):660-669.

24. Lutters BC, Derksen RH, Tekelenburg WL, Lenting PJ, Arnout

J, de Groot PG. Dimers of b2-glycoprotein I increase platelet

deposition to collagen via interaction with phospholipids and

the apolipoprotein E receptor 20. J Biol Chem. 2003;278(36):

33831-33838.

25. Font J, Espinosa G, Tassies D, et al. Effects of b2-glycoprotein I

and monoclonal anticardiolipin antibodies in platelet interaction

with subendothelium under flow conditions. Arthritis Rheum.

2002;46(12):3283-3289.

26. Bontadi A, Ruffatti A, Giannini S, et al. In vitro effect of anti-b2

glycoprotein I antibodies on P-selectin expression, a marker of

platelet activation. Reumatismo. 2012;64(1):35-39.

Ho et al 1133



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


