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β2-Glycoprotein I 

is incorrectly named apolipoprotein H. 

Çetin Ağar, Flip de Groot, Joost Levels, Arnoud Marquart, Joost 
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β2Glycoprotein I (β2GPI) is a highly abundant protein present in blood, 

but without a known physiological function. In 1990, β2GPI has become 

a protein of great interest since it was shown by different groups that 

the so-called antiphospholipid antibodies present in the antiphospholipid 

syndrome (APS) are in fact directed against this plasma protein1,2. It has 

been acknowledged that β2GPI plays an important role in the thrombotic 

and pregnancy complications observed in APS and the correct 

biochemical characterisation of β2GPI is thus of pivotal importance3,4. 

 In 1979, Polz and Kostner5 showed the distribution of β2GPI over 

different human lipoproteins. Based on these observations, Lee, Brewer 

and Osborne designated β2GPI as apolipoprotein H (apoH)6. Since then 

the names β2GPI and apoH are both used for the same protein, and the 

official designation for the β2GPI gene has become APOH. 

 We were interested whether the localisation of β2GPI on 

lipoproteins was influenced by the presence of antiphospholipid 

antibodies and decided to reinvestigate the distribution of β2GPI over the 

different lipoproteins and plasma fractions. We observed that after this 

original observation no other publications have appeared that confirmed 

the observed association of β2GPI with lipoproteins.   

Blood was drawn from five healthy volunteers in a fasting state 

and 3 hours after consuming a classic English breakfast (>1000 

kilocalories), to repeat the original experiments by Polz and Kostner. 

Besides this, plasmas from 2 septic patients, 2 APS patients with 

antibodies against β2GPI and pooled plasma from more than 200 healthy 

volunteers were also investigated. The institutional Review Boards of the 

University Medical Centre Utrecht and Academic Medical Centre 

Amsterdam approved this study and informed consent was obtained 

from all patients or their caretakers. 

Citrated blood samples were centrifuged (15 min, 1200 g) and 

plasma was collected. Three mL of plasma was brought to a density (D) 
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of 1.250 with KBr and layered with three KBr densities; D=1.225, 

D=1.100 and D=1.006. A single step ultracentrifugation (XL-90 

Beckman, USA) was performed; 96.000 g for 19 hours at 10°C, and 

fractions of 200 μL were collected with a fraction collector.  Collected 

fractions were diluted at least 1000-fold in Tris buffered saline (50 mM 

Tris, 150 mM NaCl, 0.1 % Tween-20, pH 7.4; TBS). Determination of 

β2GPI was done by a home-made sandwich enzyme-linked 

immunosorbent assay (ELISA), using a mouse monoclonal antibody 3B7 

as the capturing antibody and a rabbit polyclonal α-β2GPI as a secondary 

antibody. Serial dilutions of normal pooled plasma (2.000x - 256.000x in 

TBS) were used as standard curve. Very low-density lipoproteins 

(VLDL), low-density lipoproteins (LDL) and high-density lipoproteins 

(HDL) samples were determined by PAP 250 cholesterol enzymatic 

methods. Cholesterol reagent (Biomerieux, Le Fontanille, France) was 

added to 10 μL of sample and measured on a spectrophotometer. As can 

be observed (figure 1A), no β2GPI could be detected in the different 

lipoprotein fractions from a healthy volunteer. These results were 

confirmed with an additional four healthy volunteers, two septic patients 

and normal pooled plasma (figure 1B). The consumption of a classic 

English breakfast did not change the distribution of β2GPI (data not 

shown). All fractions were also measured with surface plasmon 

resonance using a Biacore 2000 (Life Sciences, GE Healthcare, Sweden). 

To determine the binding of β2GPI to the lipoproteins, anti-β2GPI 

antibodies were coupled to a CM5-chip and the fractions were applied to 

the chip. In the fractions containing the different lipoproteins no β2GPI 

could be detected (data not shown). Antibodies directed against apoA1 

and apoB were also coupled to a CM5-chip. The different lipoproteins 

were then directly captured from the ultracentrifugation fractions, 

followed by an injection of anti-β2GPI antibodies to detect potentially 

formed complexes between β2GPI and VLDL, LDL or HDL. No complexes 

were detected (data not shown). Subsequently, reconstituted HDL (CSL-
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111, Parkville, Victoria, Australia) was bound to an anti-apoA1 coupled 

chip and purified β2GPI, from human plasma as described by Oosting7, 

was injected over the chip. No complex formation between purified 

β2GPI and purified HDL could be observed (data not shown). 

  

 

 

Figure 1. (A) Ultracentrifugation profile of subject 1. Cholesterol (□) and β2-glycoprotein I 

(β2GPI; ●) are depicted. (B) β2GPI distribution over the different human plasma 

lipoproteins. Lipoproteins were separated after a one-step ultracentrifugation. Subjects 1-5 

were normolipemic volunteers. Normal pooled plasma is from more than 200 volunteers. 

Blood from septic patients were drawn at the time they had sepsis. (APS: patients with 

antibodies against β2GPI). 
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To exclude the possibility that the separation technique for the 

lipoproteins could influence the outcome, lipoproteins from plasmas of 3 

volunteers were separated using gel filtration on a Superose 6 HR 10/30 

column (Pharmacia Biotech, Uppsala, Sweden) with inline fluorescence 

and UV detection. Fractions were diluted in BSA/TBS (20 mM Tris, 150 

mM NaCl, 3% BSA) and 0.1% Tween-20 and the presence of β2GPI was 

detected with an ELISA. Again, β2GPI was only found in the plasma 

fractions, not in the fractions that contain the different lipoproteins (data 

not shown). 

Since Polz and Kostner5 published the presence of β2GPI in 

human lipoproteins almost 30 years ago, no other studies have been 

performed to confirm the distribution of β2GPI over the different 

lipoprotein. Following this observation, Lee, Brewer and Osborne 

designated the name apoH for β2GPI and from then on apoH and β2GPI 

were used as synonyms for the same protein. Here we show with state-

of-the-art techniques that β2GPI is not present in appreciable quantities 

in the lipoprotein fractions, neither in fasting healthy persons nor 

postprandially. Also, when plasmas of two APS patients positive for anti-

β2GPI antibodies were subjected to lipoprotein separation, the presence 

of anti-β2GPI antibodies did not result in re-distribution of β2GPI from 

the plasma fraction over the lipoprotein fractions (figure 1B). From 

these observations it is clear that there are no interactions between 

β2GPI and LDL or HDL. It cannot be excluded that there is a possible 

weak interaction with VLDL. We have not studied the effects of oxidation 

of LDL8 on the distribution of β2GPI over the lipoproteins, because we do 

not know a patient cohort with proven oxidation of lipoproteins and it is 

questionable if in vitro oxidation of LDL mimics a physiological condition. 

We conclude that apoH is not expected to be an integral part of 

lipoproteins and for this reason the name apolipoprotein H for β2GPI is 

clearly a misnomer. We therefore suggest to only use the name β2GPI. 
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