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Abstract

Background—GPIHBP1, a glycolipid-anchored protein of capillary endothelial cells, binds 

lipoprotein lipase (LPL) in the interstitial spaces and transports it to the capillary lumen. GPIHBP1 

deficiency prevents LPL from reaching the capillary lumen, resulting in low intravascular LPL 

levels, impaired intravascular triglyceride processing, and severe hypertriglyceridemia 

(chylomicronemia). A recent study showed that some cases of hypertriglyceridemia are caused by 

autoantibodies against GPIHBP1 (“GPIHBP1 autoantibody syndrome”).

Objective—Our objective was to gain additional insights into the frequency of the GPIHBP1 

autoantibody syndrome in patients with unexplained chylomicronemia.
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Methods—We used ELISAs to screen for GPIHBP1 autoantibodies in 33 patients with 

unexplained chylomicronemia and then used western blots and immunocytochemistry studies to 

characterize the GPIHBP1 autoantibodies.

Results—The plasma of one patient, a 36-year-old man with severe hypertriglyceridemia, 

contained GPIHBP1 autoantibodies. The autoantibodies, which were easily detectable by western 

blot, blocked the ability of GPIHBP1 to bind LPL. The plasma levels of LPL mass and activity 

were low. The patient had no history of autoimmune disease but his plasma was positive for 

antinuclear antibodies.

Conclusions—One of 33 patients with unexplained chylomicronemia had the GPIHBP1 

autoantibody syndrome. Additional studies in large lipid clinics will be helpful for better defining 

the frequency of this syndrome and for exploring the best strategies for treatment.
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Introduction

GPIHBP1 is a glycolipid-anchored protein of capillary endothelial cells that binds 

lipoprotein lipase (LPL) in the subendothelial spaces and shuttles it across endothelial cells 

to its site of action in the capillary lumen.1 In the absence of GPIHBP1, LPL remains 

stranded in the interstitial spaces where it is unable to process triglyceride-rich lipoproteins 

(TRLs) in the plasma.1-3 Homozygosity for mutations in GPIHBP1, like homozygosity for 

mutations in LPL, causes a chylomicronemia syndrome4 associated with a substantial risk of 

acute pancreatitis. A variety of different GPIHBP1 mutations have been described,5-14 and 

most have been missense mutations that result in a mutant GPIHBP1 protein that lacks the 

ability to bind LPL. A hallmark of genetic forms of GPIHBP1 deficiency is low levels of 

LPL in the pre- and post-heparin plasma (consistent with reduced delivery of LPL to the 

capillary lumen).5-7, 15 Recent studies showed that it is possible to measure GPIHBP1 in 

human plasma with a monoclonal antibody–based immunoassay.16 In the setting of 

GPIHBP1 mutations, the plasma levels of GPIHBP1 are very low.16, 17

Beigneux and coworkers recently identified six patients with chylomicronemia caused by 

autoantibodies against GPIHBP1 (“GPIHBP1 autoantibody syndrome”).17 They 

demonstrated that GPIHBP1 autoantibodies interfere with the ability of GPIHBP1 to bind 

LPL. Several patients with the GPIHBP1 autoantibody syndrome had clinical and/or 

serological evidence of an autoimmune disease (e.g., systemic lupus erythematosus), but 

others did not. The plasma levels of LPL in patients with the GPIHBP1 autoantibody 

syndrome were low17 (again reduced delivery of LPL to the capillary lumen). The levels of 

GPIHBP1 in the plasma were also low, likely because the GPIHBP1 autoantibodies interfere 

with the detection of GPIHBP1 in an ELISA.17

The frequency of the GPIHBP1 autoantibody syndrome has not been clearly defined. 

Beigneux and coworkers identified six cases of the GPIHBP1 autoantibody syndrome by 

screening ∼200 miscellaneous plasma samples, including 130 patients with 
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hypertriglyceridemia.17 In the current studies, we screened for GPIHBP1 autoantibodies in 

33 patients with unexplained hypertriglyceridemia from the Academic Medical Center in 

Amsterdam. Each of these patients had undergone testing for LPL, GPIHBP1, APOC2, 
LMF1, or APOA5 mutations, and none were identified.

Materials and Methods

Plasma samples

Plasma samples from 33 patients from the Academic Medical Center (Amsterdam) were 

sent to UCLA for GPIHBP1 autoantibody screening. All patients had been referred because 

of a suspicion of LPL deficiency; the mean plasma triglyceride level in this group of patients 

was 1673 ± 2310 mg/dl (range, 171–11,327 mg/dl). All tested negative for mutations in 

LPL, GPIHBP1, APOC2, LMF1, and APOA5. Samples were taken under a protocol 

approved by the Academic Medical Center in Amsterdam. Because the plasma samples sent 

to UCLA were de-identified, the studies were exempt from IRB approval by the UCLA 

Office of Human Use Protection.

Two GPIHBP1 autoantibody ELISAs

Recombinant human GPIHBP1 (rhGPIHBP1) with an amino-terminal urokinase 

plasminogen activator receptor (uPAR) tag18 were expressed in Drosophila S2 cells.18, 19 

The recombinant GPIHBP1 also contained a carboxyl-terminal tag for the mouse 

GPIHBP1–specific monoclonal antibody (mAb) 11A12.20 To detect GPIHBP1 

autoantibodies in plasma samples,17 96-well plates were coated with uPAR-specific mAb 

(R24)21 and then incubated with GPIHBP1 for 2 h. After washing the plates, human plasma 

samples (1:500 dilution) were added to the wells and incubated overnight at 4°C. After 

washing, binding of autoantibodies to GPIHBP1 was detected with an HRP-labeled goat 

anti-human Ig(G+M). A second ELISA for GPIHBP1 autoantibodies was identical except 

that the 96-well plates were coated directly with purified, untagged GPIHBP1. To gauge 

levels of GPIHBP1 autoantibodies, we also added the HRP-labeled goat anti-human Ig(G

+M) to wells that had been coated with dilutions of purified human IgG. We also used an 

ELISA to screen for autoantibodies against other members in the Ly6 protein family (C4.4A, 

CD59, CD177).17, 18, 22, 23

Detecting GPIHBP1 autoantibodies with western blots

The medium from Drosophila S2 cells expressing rhGPIHBP1 was size-fractioned on 12% 

Bis-Tris SDS-PAGE gels, then transferred to a nitrocellulose membrane. The membrane was 

blocked in Odyssey blocking buffer (Li-Cor). Membranes were then incubated with the 

plasma from patient A1 (20 AU of GPIHBP1 autoantibody/ml). The binding of 

autoantibodies to GPIHBP1 was detected with an IRDye680–donkey anti-human IgG 

(1:200). rhGPIHBP1 was also detected with an IRDye800-conjugated monoclonal antibody 

against human GPIHBP1 (RF4)17 (1:500).

Western blots to detect LPL autoantibodies

The medium from V5-tagged human LPL–transfected CHO cells was size-fractionated by 

SDS-PAGE under reducing and nonreducing conditions. Gels were then transferred to a 
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nitrocellulose membrane and blocked in Odyssey blocking buffer (Li-Cor). Western blots 

were performed with the plasma from patient A1 (20 AU GPIHBP1 autoantibodies/ml) 

followed by IRDye680-labeled goat anti-human IgG (Li-Cor; 1:200) and an IRDye800-

labeled antibody against the V5 tag (1:500).

Measurements of LPL, hepatic lipase (HL), endothelial lipase (EL), and GPIHBP1

Plasma levels of LPL, HL, and EL were measured with monoclonal antibody–based 

sandwich immunoassays.17, 24-28 An ELISA was also used to measure plasma levels of 

GPIHBP1.16 In the latter assay, 96-well plates were coated with the GPIHBP1-specific mAb 

RF4. Dilutions of human plasma were then added and incubated at 4°C. After washing the 

wells, GPIHBP1 was detected with HRP-labeled mAb RE3. The amount of GPIHBP1 in the 

plasma was measured against a recombinant GPIHBP1 standard curve. Levels of LPL and 

HL activity in the plasma at baseline and 2, 3, 6, 9, 12, and 15 min after an intravenous 

injection of heparin (50 IU/kg) were measured as described.24, 25

ELISA to test the ability of GPIHBP1 autoantibodies to prevent LPL binding to GPIHBP1

To test the ability of GPIHBP1 autoantibodies to block the binding of LPL to GPIHBP1, 96-

well plates were coated with mAb R24 and then incubated overnight at 4°C with a uPAR-

tagged GPIHBP1, either alone or with various dilutions of human plasma samples. On the 

next day, the plates were washed, and human LPL (200 ng/well) was added to the wells and 

incubated for 2 h at 4°C. The plates were washed, and an HRP-labeled LPL-specific 

monoclonal antibody (5D2) was used to measure LPL binding. In other wells, an HRP-

labeled goat anti-human Ig(G+M) was added to detect binding of GPIHBP1 autoantibodies 

to the immobilized GPIHBP1. HRP-labeled mAb 11A12 was used to confirm the presence 

of GPIHBP1 on the plates. A GPIHBP1-specific monoclonal antibody (RE3) that blocks 

LPL binding to GPIHBP1 was used as an experimental control.16

Immunocytochemistry

CHO pgsA-745 (2 × 106 cells) were electroporated with 2 μg of plasmid DNA encoding S-

protein–tagged versions of human GPIHBP1, GPIHBP1-W109S, or CD59. After 24 h, cells 

were washed in PBS and incubated with plasma samples for 1 h at 4°C. Cells were washed 

and incubated for 1 h at 4°C with V5-tagged human LPL (200 ng/well). After washing, cells 

were fixed with methanol. Immunocytochemistry studies were performed on 

nonpermeabilized cells with a rabbit antibody against the S-protein tag (0.2 μg/ml) followed 

by an Alexa Fluor 647–conjugated donkey anti-rabbit IgG (ThermoFisher, 2.5 μg/ml); an 

Alexa Fluor 568–conjugated mouse anti-V5 antibody (1:50); and an Alexa Fluor 488–

conjugated goat anti-human Ig(G+M) (50 ng/ml). Images were taken with an Axiovert 

200M microscope and processed with Zen 2010 software (Zeiss).

Results

We used an ELISA with uPAR-tagged human GPIHBP1 to screen plasma samples from 33 

patients with unexplained hypertriglyceridemia for autoantibodies against GPIHBP1 (Figure 

1A). The plasma samples from 32 patients were negative for autoantibodies, but one (from 

patient A1) was positive. The presence of GPIHBP1 autoantibodies in the plasma of patient 
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A1 was confirmed in a separate ELISA with untagged, purified GPIHBP1 (Figure 1B). In 

the latter assay, the level of GPIHBP1 autoantibodies was measured against a standard curve 

of human IgG, and the concentration was judged to be ∼1 mg of GPIHBP1 

autoantibodies/ml. The immunoglobulins in the plasma from patient A1 did not bind to other 

proteins of the Ly6 protein family (CD177, C4.4A, CD59).

Patient A1 is a 36-year-old male who was born in Eritrea. Screening revealed that he was 

free of LPL, GPIHBP1, LMF1, APOC2, or APOA5 mutations. He was obese (Body Mass 

Index, 35.5 kg/m2) and was taking antipsychotic medications that had been prescribed by a 

psychiatrist. He smoked marijuana daily. In 2011, he had acute pancreatitis; at that time, the 

plasma triglyceride and cholesterol levels were 2188 mg/dl and 318 mg/dl, respectively. 

Over the next year, the patient had four additional bouts of pancreatitis. Plasma samples 

were taken and archived during two hospitalizations for pancreatitis (in 2011 and 2012); the 

plasma triglyceride levels in those samples were 580 and 1929 mg/dl, respectively. Those 

samples, both positive for GPIHBP1 autoantibodies, were analyzed at UCLA.

Western blots confirmed the presence of GPIHBP1 autoantibodies in the plasma samples 

from patient A1. The autoantibodies in the plasma sample detected GPIHBP1 produced in 

Drosophila S2 cells (Figure 2).

We suspected that the GPIHBP1 autoantibodies would block the ability of GPIHBP1 to bind 

LPL. Indeed, the plasma from patient A1 blocked the binding of human LPL to GPIHBP1 in 

an ELISA whereas control plasma samples lacking autoantibodies did not (Figure 3). Plasma 

A1 blocked LPL binding to GPIHBP1 on the surface of GPIHBP1-transfected cells by 

immunocytochemistry, whereas control plasma samples lacking GPIHBP1 autoantibodies 

did not (Figure 4).

We predicted that the GPIHBP1 autoantibodies in patient A1 would be accompanied by low 

plasma levels of LPL. Indeed, the LPL mass level in the plasma of A1 was very low, 23.1 

ng/ml (normal range, 40–156 ng/ml; mean, 84 ng/ml), consistent with reduced LPL binding 

to GPIHBP1 and reduced delivery of LPL to the intravascular compartment. We suspected 

that the levels of hepatic triglyceride lipase (HL) and endothelial lipase (EL), which do not 

bind GPIHBP1,29 would not be low. Indeed, the HL level in the plasma of A1, 59.8 ng/ml, 

was not low (normal range, 18–136 ng/ml; mean, 60 ng/ml). The EL level, 133.8 ng/ml, was 

also not low (normal range, 41–141 ng/ml; mean, 77 ng/ml). After an intravenous injection 

of 5000 IU of heparin, the LPL activity level in patient A1 was less than one-half of those in 

a pool of six normal control subjects, whereas the HL activity was significantly higher than 

the activity in the pooled plasma of normal subjects (Figure 5).

In the recent study by Beigneux et al.,17 several patients with the GPIHBP1 autoantibody 

syndrome had systemic lupus erythematosus, and their plasma tested positive for antinuclear 

antibodies. Patient A1 had no clinical evidence of autoimmune disease, but testing revealed 

that his plasma was positive for antinuclear antibodies. The plasma of patient A1 did not 

have autoantibodies against LPL, as judged by an ELISA17 or a western blot assay (Figure 

6).
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The plasma triglycerides in patient A1 were 130 mg/dl in 2014, but no plasma samples were 

archived and available for analysis. The patient was subsequently lost to follow-up.

Discussion

We recently described autoantibodies against GPIHBP1, the endothelial cell LPL 

transporter, as a cause of acquired forms of chylomicronemia (“GPIHBP1 autoantibody 

syndrome”).17 In the current study, in order to increase our understanding of the frequency 

of this syndrome, we screened 33 patients with unexplained chylomicronemia from the 

Amsterdam Medical Center. Using a pair of ELISAs, we identified a single patient (patient 

A1) with the GPIHBP1 autoantibody syndrome. The GPIHBP1 autoantibodies were 

identified in two plasma samples obtained during 2011 and 2012 hospitalizations for 

chylomicronemia and acute pancreatitis. The GPIHBP1 autoantibodies in patient A1 

interfered with the main function of GPIHBP1, which is to bind LPL and transport it to the 

capillary lumen. When GPIHBP1 is absent or functionally defective, LPL remains stranded 

within the interstitial spaces and never reaches the capillary lumen.1

In the initial description of the GPIHBP1 autoantibody syndrome, Beigneux et al.17 

identified six patients with GPIHBP1 autoantibodies by screening ∼200 miscellaneous 

plasma samples, including many with hypertriglyceridemia and a handful from patients with 

both hypertriglyceridemia and autoimmune diseases. In that study, the information about the 

patient population, including genetic testing, was minimal. In the current study, we screened 

33 hypertriglyceridemic patients in whom extensive genetic screening had failed to identify 

LPL, GPIHBP1, APOC2, LMF1, or APOA5 mutations. The sole patient identified as having 

GPIHBP1 autoantibodies (patient A1) did not have any clinical signs of autoimmune 

disease, but his plasma tested positive for antinuclear antibodies. In the earlier study, four of 

the six patients with the GPIHBP1 autoantibody syndrome had autoimmune diseases. At this 

point, the frequency of the GPIHBP1 autoantibody syndrome in patients with acquired 

forms of chylomicronemia remains incompletely defined, but it would appear that it is not 

rare—particularly in patients with clinical or serological evidence of autoimmune diseases. 

Additional studies are needed to gauge the overall frequency of GPIHBP1 autoantibodies in 

patients with acquired forms of hypertriglyceridemia.

In the study by Beigneux et al.,17 the hypertriglyceridemia in two GPIHBP1 autoantibody 

syndrome patients (patients 157 and 164) responded to treatment with immunosuppressive 

therapy (rituximab, mycophenolate mofetil).17, 30, 31 In one of the patients, normalization of 

plasma triglyceride levels during therapy was accompanied by a complete disappearance of 

GPIHBP1 autoantibodies.17 The identification of additional patients with the GPIHBP1 

autoantibody syndrome will help to define optimal strategies for treatment. More patients 

would also help to define the relationship, if any, between GPIHBP1 autoantibody titers and 

plasma triglyceride levels.

The plasma triglyceride levels in patient A1 normalized several years after the 

hospitalizations for pancreatitis, raising the possibility that the GPIHBP1 autoantibody 

syndrome can, at least in some cases, resolve spontaneously. The plasma triglyceride levels 

in another patient with the GPIHBP1 autoantibody syndrome (patient 38 in the study by 
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Beigneux and coworkers17) also normalized in the absence of immunosuppressive drugs. In 

that case, however, the normalization of plasma triglyceride levels occurred in the setting of 

suboptimal nutritional status accompanying exocrine pancreatic insufficiency (from 

recurrent bouts of acute pancreatitis).

A hallmark of both genetic GPIHBP1 deficiency and the GPIHBP1 autoantibody syndrome 

is low plasma levels of LPL.5-7, 15 In patient A1, both the pre-heparin LPL mass level and 

the post-heparin LPL catalytic activity levels were low. These findings make sense, given 

that GPIHBP1 is solely responsible for shuttling LPL to the capillary lumen.1 In the current 

study, we also examined plasma levels of two related lipases in the same protein family—

HL and EL. We suspected that the levels of HL and EL would not be perturbed by GPIHBP1 

autoantibodies, given that neither lipase binds to GPIHBP1.29 Indeed, HL and EL mass 

levels were not reduced in the plasma of patient A1. Also, after an injection of heparin, HL 

activity levels in plasma A1 were higher than in the normal controls. High levels of HL 

activity in post-heparin plasma were noted previously in Gpihbp1 knockout mice2 and in a 

chylomicronemia patient who was homozygous for a p.Q115P missense mutation in 

GPIHBP1.5 These observations suggest that defective GPIHBP1 function, whether genetic 

or acquired, does not reduce post-heparin HL activity levels and in some cases may lead to 

higher-than-normal plasma levels of HL.
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Abbreviations

GPIHBP1 glycosylphosphatidylinositol-anchored high density lipoprotein binding 

protein-1

TRLs triglyceride-rich lipoproteins

LPL lipoprotein lipase

HL hepatic triglyceride lipase

EL endothelial lipase

mAb monoclonal antibody, uPAR, urokinase-type plasminogen activator receptor
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Highlights

• One of 33 patients with hypertriglyceridemia had GPIHBP1 autoantibodies.

• The patient's plasma was also positive for antinuclear antibodies.

• The patient had low LPL mass levels and low post-heparin LPL activity 

levels.

• Levels of hepatic triglyceride lipase (HL) and endothelial lipase (EL) are not 

reduced.
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Figure 1. Detecting GPIHBP1 autoantibodies with a solid-phase ELISA
(A) Screening plasma samples for GPIHBP1 autoantibodies. Plasma samples were added to 

96-well plates that had been coated with an anti-uPAR mAb and subsequently incubated 

with conditioned medium from Drosophila S2 cells expressing uPAR-tagged human 

GPIHBP1. After washing the plates, the binding of GPIHBP1 autoantibodies to immobilized 

GPIHBP1 was detected with an HRP-labeled anti-human IgG. One patient (patient A1; pink 
circle) had GPIHBP1 autoantibodies (dilution, 1:500), as did the positive control patient 

(patient 10217, dilution, 1:12,500) (green circle). Levels of IgG binding were lower in four 

normal controls (black circles). (B) Testing the binding of plasma samples (1:500) to wells 

coated with purified, untagged human GPIHBP1 and three other Ly6 proteins (CD177, 

C4.4A, CD59). The plasma from patient A1 (1:500; pink circle) bound to GPIHBP1 but not 

to the other Ly6 proteins; the control plasma (1:500; open circles) did not bind to any of the 

proteins. The level of antibody binding to the GPIHBP1-coated wells was judged according 

to a human IgG standard curve (top x-axis); wells of a 96-well plate were coated with 

dilutions of normal human IgG, and the amount of IgG bound to those wells was assessed by 

quantifying binding of the HRP-labeled anti-human IgG (open squares).
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Figure 2. 
Western blot demonstrating binding of GPIHBP1 autoantibodies in the plasma from patient 

A1 to human GPIHBP1 in the medium of transfected Drosophila S2 cells. The expression 

human GPIHBP119 in Drosophila S2 cells was induced with 0.5 mM CuSO4. Proteins in the 

medium from copper-induced and noninduced cells were size-fractionated by SDS-PAGE 

and then transferred to a sheet of nitrocellulose for western blots. The membrane was 

incubated with the plasma from patient A1, followed by a IRDye680-labeled donkey anti-

human IgG, and then with IRDye800-labeled human GPIHBP1-specific monoclonal 

antibody RF4.16 Both RF4 and the IgGs in the plasma of patient A1 bound avidly to 

GPIHBP1 in the medium of cells that had been induced with CuSO4 (Induced); GPIHBP1 

was absent from the medium of noninduced cells (Noninduced).
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Figure 3. GPIHBP1 autoantibodies in the plasma of patient A1 abolish the ability of GPIHBP1 to 
bind LPL
96-well plates were coated with an anti-uPAR mAb and then incubated overnight at 4°C 

with uPAR-tagged GPIHBP1, either alone or in the presence of dilutions of human plasma. 

After washing the plates, human LPL (200 ng) was added to each well and incubated for 2 h 

at 4°C. The plates were then washed, and the binding of LPL was detected with an HRP-

labeled LPL-specific monoclonal antibody (5D2). The plasma of patient A1 blocked the 

binding of LPL to GPIHBP1 (pink solid circles), whereas plasma samples from three 

controls (184, 185, 192) did not. The GPIHBP1-specific mAb RE3 (black open squares) also 

blocked binding of LPL to GPIHBP1 (the “1:1 dilution” of mAb RE3 represents 20 μg/ml of 

purified IgG).
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Figure 4. 
Immunocytochemistry studies showing that the GPIHBP1 autoantibodies in the plasma of 

patient A1 bind to GPIHBP1 on the surface of GPIHBP1-transfected CHO pgsA-745 cells 

and abolish binding of LPL. GPIHBP1 autoantibodies (green) in the plasma from patient A1 

(1:20 dilution) bound to cells expressing S-protein–tagged human GPIHBP1 (Column 2), 

but not to cells expressing S-protein–tagged CD59 (Column 5). CD59 and GPIHBP1 

expression on cells was detected with an antibody against the S-protein tag (blue). V5-

tagged wild-type human LPL (detected with a V5 tag–specific antibody; red) binds avidly 

and specifically to GPIHBP1-transfected cells (Column 1). The binding of GPIHBP1 

autoantibodies (in the plasma of patient A1) to GPIHBP1 abolished LPL binding (Column 

2). In contrast, control plasma samples 1 and 2 (which did not contain GPIHBP1 

autoantibodies) did not block the binding of LPL to GPIHBP1 (Columns 3 and 4, 

respectively). Cells expressing a mutant GPIHBP1 (GPIHBP1-W109S)12, 25 did not bind 

LPL (Column 6). DNA was stained with DAPI (yellow).
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Figure 5. Levels of LPL catalytic activity in the post-heparin plasma of patient A1 were low, 
whereas levels of hepatic lipase activity were high
Plasma samples were obtained from patient A1 at baseline and at six time points after an 

intravenous injection of heparin, and LPL (A) and HL (B) activity levels were measured 

(pink solid circles). As a control, LPL and HL activity levels were also measured in a pool of 

plasma samples from six normal control subjects at the 15-min time point (black open 

circle).
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Figure 6. The plasma of patient A1 does not contain autoantibodies against LPL
Medium from V5-tagged human LPL– transfected CHO cells was size-fractionated by SDS-

PAGE under reducing (R) and nonreducing (NR) conditions. Western blots were performed 

with plasma from patient A1 (20 AU GPIHBP1 autoantibodies/ml) followed by IRDye680-

labeled goat anti-human IgG (red). V5-tagged LPL on the same membrane was detected 

with an IRDye800-labeled V5 antibody (green). In the western blot with the plasma from 

patient A1, several bands with a size roughly similar to that of LPL were detected. However, 

the V5 antibody western blot revealed that the bands in the “plasma A1 western blot” were 

distinct from authentic V5-tagged LPL. As a negative control (C), we tested medium from 

nontransfected CHO cells.

Hu et al. Page 16

J Clin Lipidol. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Materials and Methods
	Plasma samples
	Two GPIHBP1 autoantibody ELISAs
	Detecting GPIHBP1 autoantibodies with western blots
	Western blots to detect LPL autoantibodies
	Measurements of LPL, hepatic lipase (HL), endothelial lipase (EL), and GPIHBP1
	ELISA to test the ability of GPIHBP1 autoantibodies to prevent LPL binding to GPIHBP1
	Immunocytochemistry

	Results
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

