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GPIHBP1 AND LPL, OBLIGATE PARTNERS IN 
PLASMA TRIGLYCERIDE METABOLISM

Glycosylphosphatidylinositol-anchored HDL binding pro-
tein 1 (GPIHBP1), a glycosylphosphatidylinositol (GPI)-
anchored protein of capillary endothelial cells, is a crucial 
partner for LPL in plasma triglyceride metabolism (1, 2). 
GPIHBP1 captures LPL from the subendothelial spaces 
(where it is secreted by parenchymal cells) and shuttles 
LPL across endothelial cells to its site of action in the capil-
lary lumen (Fig. 1A) (3). In the absence of GPIHBP1-me-
diated transport, LPL never reaches the capillary lumen 
and instead remains trapped within the interstitial spaces, 
where it is bound to heparan sulfate proteoglycans (HSPGs) 
(3, 4) (Fig. 1B, C). The LPL that is transported by  
GPIHBP1 into capillaries is essential for the margination 
of triglyceride-rich lipoproteins (TRLs) along the surface 
of capillary endothelial cells, allowing triglyceride hydrolysis 
to proceed (5). In the absence of a functional GPIHBP1, 
TRLs do not stop and simply “flow on by” in the blood-
stream. The binding of GPIHBP1 also preserves the struc-
tural integrity of LPL (6). In the absence of GPIHBP1, the 
catalytic domain of LPL is inherently unstable and under-
goes spontaneous unfolding and loss of catalytic activity 
(6). The binding of GPIHBP1 blocks this unfolding, even 
in the setting of physiologic inhibitors of LPL (e.g.,  
ANGPTL4) that function by catalyzing the unfolding of 
LPL (7). The capacity of GPIHBP1 to stabilize LPL struc-
ture and activity focuses active LPL where it needs to be 
for TRL processing—on the surface of capillary endothe-
lial cells (6–9).

GPIHBP1 is a member of the lymphocyte antigen 6/
urokinase-type plasminogen activator receptor (LU) fam-
ily of proteins (10). Mature GPIHBP1 has two functional 
domains—an N-terminal disordered acidic domain (con-
taining a sulfated tyrosine and multiple aspartates and glu-
tamates) and a three-fingered LU domain containing 10 
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cysteines, all disulfide linked (10). The LU domain is pri-
marily responsible for the stability of the GPIHBP1–LPL 
complex, whereas the acidic domain is responsible for en-
hancing the encounter rate between GPIHBP1 and LPL 
(6, 8). As judged by surface plasmon resonance studies (8), 
GPIHBP1’s acidic domain increases the “on-rate” for the 
binding to LPL by 2,500-fold compared with GPIHBP1’s 
LU domain alone. From the perspective of plasma triglyc-
eride physiology, GPIHBP1’s acidic domain is likely impor-
tant for capturing LPL from the subendothelial spaces, 
detaching it from HSPGs and bringing it into a stable com-
plex with GPIHBP1’s LU domain.

GPIHBP1’s acidic domain is also important for stabiliz-
ing LPL structure and activity (6). In the crystal structure 
for the GPIHBP1–LPL complex [solved recently by Birrane 
et al. (11)], the concave surface of GPIHBP1’s LU domain 
covers one side of LPL’s carboxyl-terminal domain, with 
the binding mediated primarily by hydrophobic contacts. 
The opposite side of LPL’s carboxyl-terminal domain con-
tains a tryptophan-rich loop that mediates lipid and lipo-
protein binding (5, 11, 12). The same tryptophan loop 
contains the epitope for a widely used LPL-specific mono-
clonal antibody 5D2 (13, 14). GPIHBP1’s acidic and intrin-
sically disordered domain was not visualized in the crystal 
structure (11), but was clearly positioned to extend across 
a very large basic patch on the surface of LPL (spanning 
both the N-terminal catalytic domain and the carboxyl-
terminal lipid-binding domain) (11). We suspect that elec-
trostatic interactions between GPIHBP1’s acidic domain 
and LPL’s basic patch form a fuzzy complex, which func-
tions to stabilize LPL and block the propensity of LPL’s 
catalytic domain to unfold (2, 11).

LPL AND GPIHBP1 MUTATIONS CAUSE THE 
FAMILIAL CHYLOMICRONEMIA SYNDROME

Soon after LPL was identified and characterized (15, 
16), Havel and Gordon (17) reported that a deficiency of 
LPL was responsible for causing chylomicronemia in three 
siblings (the first description of an inborn error in lipo-
protein metabolism) (17). Since then, numerous LPL 
mutations have been identified in patients with familial 
chylomicronemia syndrome (18, 19). Patients with LPL 
deficiency have lifelong chylomicronemia, which is often 
uncovered during infancy or childhood (20). Patients with 
LPL deficiency have a high risk of acute pancreatitis and 
invariably have low levels of LPL activity in the postheparin 
plasma (17, 19, 20).

GPIHBP1 deficiency in mice causes severe chylomicro-
nemia (3, 21). For that reason alone, we suspected that, 
sooner or later, GPIHBP1 mutations would be uncovered as 
a cause of chylomicronemia in humans. Indeed, over the 
past 12 years, dozens of GPIHBP1 mutations have been 
uncovered in patients with familial chylomicronemia syn-
drome (22–28). GPIHBP1 deficiency causes chylomicrone-
mia by abolishing LPL transport into capillaries (Fig. 1B).

GPIHBP1 deficiency in humans closely resembles LPL 
deficiency. Patients have severe chylomicronemia (plasma 
triglyceride levels >1,500 mg/dl), often presenting in child-
hood, and there is a high risk of pancreatitis (22, 26, 28, 
29). An infant with GPIHBP1 deficiency had plasma triglyc-
eride levels >25,000 mg/dl (29), but the reports of extremely 
high triglyceride levels could reflect selection bias. Several 
patients with GPIHBP1 deficiency ascertained through fam-
ily studies had plasma triglyceride levels <1,000 mg/dl 

Fig.  1.  Normal intravascular lipolysis (A), lipolysis in the setting of a GPIHBP1 missense mutation in the LU domain (B), or in the presence 
of GPIHBP1 autoantibodies (autoAbs) (C). Absent GPIHBP1 function, caused either by a GPIHBP1 missense mutation or GPIHBP1 au-
toAbs, eliminates transport of LPL to the capillary lumen, causing a dramatic reduction in intravascular triglyceride hydrolysis and severe 
hypertriglyceridemia (chylomicronemia).
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(24, 29). Also, an adult female with GPIHBP1 deficiency 
had a baseline plasma triglyceride level of 234 mg/dl (30) 
and only manifested severe chylomicronemia during preg-
nancies. Patients with GPIHBP1 deficiency invariably have 
low plasma levels of LPL in the pre- and postheparin 
plasma (22–24, 28), almost certainly reflecting an absence 
of LPL transport into the intravascular compartment.

The importance of GPIHBP1–LPL interactions has been 
underscored by human genetics. Missense mutations in-
volving conserved cysteines (or nearby residues) in GPIH-
BP1’s LU domain cause chylomicronemia by abolishing 
GPIHBP1’s ability to bind LPL (22–24, 28). In several cases, 
these mutations have been shown to interfere with the for-
mation of disulfide bonds in the LU domain (24, 31). Also, 
several LPL missense mutations—all located within the 
carboxyl-terminal domain—cause disease by abolishing 
LPL’s ability to bind to GPIHBP1 (11, 32). The recent crys-
tal structure of the GPIHBP1–LPL complex has refined 
our understanding of how these mutations disrupt GPI-
HBP1–LPL interactions (11). For example, a p.M404R sub-
stitution in LPL abolishes LPL’s ability to bind GPIHBP1 by 
introducing a charged amino acid (arginine) into the hy-
drophobic GPIHBP1–LPL binding interface (11). Simi-
larly, mutations in GPIHBP1 Thr-108 (22, 33) or Trp-109 
(31) disrupt the GPIHBP1–LPL binding interface (11).

Allan et al. (34) recently generated a Gpihbp1 knock-in 
mouse harboring a LU domain amino acid substitution 
(p.C65Y) that had been shown to cause chylomicronemia 
in humans (23). The mutant GPIHBP1 lacked the ability to 
bind LPL, and immunohistochemistry studies revealed a 
complete absence of LPL within the lumen of capillaries 
(34). All of the LPL in the tissues of knock-in mice was 
trapped in the interstitial spaces. Identical findings were 
observed in knockout mice with a deletion of the entire 
Gpihbp1 gene (3, 21).

CHYLOMICRONEMIA FROM GPIHBP1 
AUTOANTIBODIES

In 2017, we reported that some acquired forms of chy-
lomicronemia are caused by GPIHBP1 autoantibodies 
(GPIHBP1 autoantibody syndrome) (35). GPIHBP1 auto-
antibodies block GPIHBP1’s ability to bind and transport 
LPL, resulting in impaired TRL processing and markedly 
elevated plasma triglyceride levels (Fig. 1C). GPIHBP1 ap-
pears to be a long-lived protein (36) and has been shown to 
move bidirectionally across endothelial cells (37). We pre-
sume that the GPIHBP1 autoantibodies remain attached to 
GPIHBP1 as it moves back and forth across endothelial 
cells, never giving GPIHBP1 a chance to transport LPL 
(Fig. 1C).

The discovery of GPIHBP1 autoantibodies occurred ser-
endipitously during the characterization of an ELISA for 
GPIHBP1. We had characterized a panel of GPIHBP1-
specific monoclonal antibodies (38) and used two of the 
antibodies, RF4 [which binds to a short linker between 
GPIHBP1’s acidic domain and LU domain (8)] and RE3 
(which binds to GPIHBP1’s LU domain), to create a sand-

wich ELISA for GPIHBP1. The ELISA readily detected 
GPIHBP1 in normal human plasma but not in the plasma 
from a patient who was homozygous for a deletion of the 
GPIHBP1 gene. To further assess the validity of the ELISA, 
we tested whether it was capable of detecting increased 
levels of GPIHBP1 in samples of human plasma after 
they had been spiked with recombinant GPIHBP1. In 38 of 
the 40 plasma samples, the ELISA reliably detected in-
creased levels of GPIHBP1 (the recovery of the recombi-
nant GPIHBP1 averaged 98.8%). However, in two samples, 
both from chylomicronemia patients with low plasma levels 
of GPIHBP1, the recovery of the spiked GPIHBP1 was 
<10% (Fig. 2). The inability of the ELISA to detect the 
spiked GPIHBP1 indicated “immunoassay interference,” 
which can be caused by autoantibodies (39–42). Indeed, 
the plasma of both chylomicronemia patients contained 
autoantibodies against GPIHBP1 (35). Follow-up studies 
quickly identified GPIHBP1 autoantibodies in four addi-
tional patients with chylomicronemia (35). The presence 
of GPIHBP1 autoantibodies in the plasma of these patients 
was confirmed by ELISAs and Western blots (35). In addi-
tion, immunofluorescence microscopy studies revealed that 
the GPIHBP1 autoantibodies bound avidly to GPIHBP1 on 
the surface of GPIHBP1-transfected cells (Fig. 3) (35). Im-
portantly, the binding of GPIHBP1 autoantibodies to cell-
surface GPIHBP1 abolished the ability of GPIHBP1 to bind 
LPL (Fig. 4) (35).

In the initial description of the GPIHBP1 autoantibody 
syndrome (35), three of the six chylomicronemia patients 
with GPIHBP1 autoantibodies had a history of acute pan-
creatitis, and three had clinical or serological evidence of 
autoimmune disease. Interestingly, one of the patients, who 
had systemic lupus erythematosus (SLE), became pregnant 
and delivered an infant girl. The infant’s blood contained 
GPIHBP1 autoantibodies, but at only 5% of the level 
found in the mother’s blood (35). Despite the relatively 
low levels of autoantibodies, the infant’s plasma triglyceride 
level on the first day of life was 9,090 mg/dl. Over the next 
month, the infant’s triglyceride levels gradually returned 
to normal (35), consistent with the disappearance of ma-
ternal immunoglobulins from the infant’s bloodstream.

Patients with GPIHBP1 autoantibodies have low plasma 
levels of LPL, almost certainly reflecting markedly im-
paired transport of LPL into capillaries. Thus, chylomicro-
nemia can be caused by both GPIHBP1 deficiency and 
GPIHBP1 autoantibodies. Dual mechanisms for disease are 
also observed in thrombotic thrombocytopenic purpura 
[caused by ADAMTS13 mutations and ADAMTS13 autoan-
tibodies (43, 44)].

We are aware of only one other example of autoantibod-
ies against a GPI-anchored protein (the folate receptor). 
High-affinity blocking autoantibodies against the folate re-
ceptor have been detected in human plasma and have 
been linked to risk for neural tube defects during develop-
ment as well as neuropsychiatric disease (45–50). The fo-
late receptor is not a member of the LU protein family 
but like GPIHBP1 is a cysteine-rich protein with multiple 
disulfide bonds. In other human diseases caused by auto-
antibodies (e.g., thrombotic thrombocytopenic purpura, 
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Graves’ disease, membranous nephropathy), the autoanti-
bodies bind to regions of proteins with multiple disulfide 
bonds (51–54).

ADDITIONAL CASES OF THE GPIHBP1 
AUTOANTIBODY SYNDROME

Since the initial report of GPIHBP1 autoantibodies (35), 
we have documented 22 cases of chylomicronemia caused 
by GPIHBP1 autoantibodies. Selected clinical findings and 
clinical chemistry results are summarized in Tables 1 and 
2. Eleven of the 22 patients had a history of acute pancre-
atitis. Several had preexisting autoimmune diseases (e.g., 
rheumatoid arthritis, Sjögren’s syndrome, Hashimoto’s dis-
ease, SLE, anti-phospholipid syndrome, hemolytic anemia, 
Graves’ disease), and most tested positive for antinuclear 
antibodies (Table 1). However, GPIHBP1 autoantibodies 
were the sole manifestation of autoimmune disease in 
three patients (patients 2, 3, and 12 in Table 1). Levels of 
GPIHBP1 autoantibodies in the 22 patients varied consid-
erably, and there was no indication that lower levels of 
GPIHBP1 autoantibodies were associated with lower plasma 
triglyceride levels. Severe chylomicronemia was observed 
in all of the patients, including several with low plasma lev-
els of GPIHBP1 autoantibodies (e.g., patients 5 and 19). 
The plasma levels of LPL were low in all patients with 
GPIHBP1 autoantibodies (Table 1), consistent with absent 
LPL transport into capillaries. Plasma levels of endothelial 
lipase and hepatic triglyceride lipase (lipase family mem-
bers that do not bind to GPIHBP1) were within the normal 
range in the majority of patients (Table 2).

Seventeen of 22 GPIHBP1 autoantibody patients (pa-
tients 1–9, 13–15, 17–21) had very low plasma levels of GPI-
HBP1, as judged by a monoclonal antibody–based ELISA 
(35, 38, 55). Finding low plasma GPIHBP1 levels did not 
come as a surprise, given earlier studies demonstrating that 
GPIHBP1 autoantibodies were capable of interfering with 
the ELISA (35). To our surprise, five of the 22 patients (pa-
tients 10, 11, 12, 16, and 22) had high plasma GPIHBP1 
levels (Table 1). We suspected that the autoantibodies in 
the latter group of patients were functionally distinct, hav-
ing little or no ability to interfere with the GPIHBP1 ELISA. 
Mixing studies confirmed this suspicion (Fig. 5). When we 
mixed a plasma sample from a GPIHBP1 autoantibody pa-
tient with high plasma GPIHBP1 levels (e.g., patient 12) 
with a plasma sample from a GPIHBP1 autoantibody pa-
tient with low plasma GPIHBP1 levels (e.g., patient 14), 
detection of GPIHBP1 by the ELISA was abolished (Fig. 
5A). In contrast, when we mixed plasma samples from au-
toantibody patients with high GPIHBP1 levels (patients 12 
and 22), the ability of the ELISA to detect GPIHBP1 was 
preserved (Fig. 5B). Mixing plasma from a patient with 
high plasma GPIHBP1 levels with the plasma from a con-
trol subject (sample C) did not interfere with detection of 
GPIHBP1 (Fig. 5C). However, mixing plasma from an au-
toantibody patient with low GPIHBP1 levels (patient 14) 
with plasma from the control subject eliminated detection 
of GPIHBP1 by the ELISA (Fig. 5D).

Fig.  2.  Immunoassay interference—the first clue to the existence 
of GPIHBP1 autoantibodies. As part of an effort to validate a mono-
clonal antibody-based sandwich ELISA designed to measure the lev-
els of GPIHBP1 in human plasma, we tested whether the GPIHBP1 
ELISA would faithfully detect higher levels of GPIHBP1 in plasma 
samples that had been “spiked” with recombinant human GPIHBP1 
(35). A total of 62.5 pg of human GPIHBP1 was spiked into plasma 
samples from 40 human patients (31 from patients with hypertri-
glyceridemia and 9 from normolipidemic controls). This graph 
shows the ability of the ELISA to recover the 62.5 pg of GPIHBP1 
that was spiked into each plasma sample. In 38 out of the 40 sam-
ples, the recovery (±SD) of the spiked recombinant human GPI-
HBP1 was excellent (98.8 ± 3.8%). However, in plasma samples 
from two patients (both of whom had severe hypertriglyceridemia), 
the recovery of the spiked GPIHBP1 was negligible (6.8% and 
4.4%). The inability of the ELISA to detect GPIHBP1 in these two 
patients indicated immunoassay interference, which can be caused 
by autoantibodies. Subsequent studies showed that the plasma from 
the two patients contained autoantibodies against GPIHBP1. This 
figure is reproduced with permission from Beigneux et al. (35).



GPIHBP1 autoantibody syndrome 1369

We suspect (but have not proven) that the high plasma 
levels of GPIHBP1 in patients 10, 11, 12, 16, and 22 reflect 
high levels of immune complexes in the plasma (i.e., GPI-
HBP1 bound to GPIHBP1 autoantibodies). It is also possi-
ble that high levels of immune complexes also exist in 
patients with low plasma levels of GPIHBP1 but are simply 
not detected, owing to immunoassay interference.

PROPERTIES OF GPIHBP1 AUTOANTIBODIES

GPIHBP1 autoantibodies, purified from the plasma of 
two patients, bound with high affinity to GPIHBP1’s LU 
domain and had a very slow “off rate,” as judged by surface 
plasmon resonance experiments (8). In contrast, there was 
no binding of GPIHBP1 autoantibodies to a synthetic pep-
tide spanning GPIHBP1’s acidic domain (8). Autoantibodies 
against GPIHBP1 are specific; they do not bind to structur-
ally related proteins in the LU protein family (35, 56).

We suspected that GPIHBP1 autoantibodies block LPL 
binding by binding to the surface of GPIHBP1’s LU domain 
that interfaces with LPL. In earlier studies, we had identi-
fied several monoclonal antibodies against GPIHBP1’s LU 

domain, including antibody RE3, that also block the bind-
ing of LPL (38). We suspected that the epitope for those 
“blocking monoclonal antibodies” is identical to—or over-
laps with—the epitopes of GPIHBP1 autoantibodies that 
block LPL binding. Consistent with that idea, the plasma 
from GPIHBP1 autoantibody patients potently blocks mono-
clonal antibody RE3 binding to recombinant GPIHBP1 
(Fig. 6A). In contrast, the same plasma samples had no 
effect on the binding of monoclonal antibody RF4 to 
GPIHBP1 (Fig. 6B). The epitope for RF4 is located in a 
linker region between GPIHBP1’s acidic domain and LU 
domain (distant from the GPIHBP1–LPL interface) (8).

In most patients, IgA class and IgG4 subclass autoanti-
bodies predominated. All 22 GPIHBP1 patients had IgA 
class GPIHBP1 autoantibodies, with 16 of 22 having an IgA 
titer grade of 1.5–2 (Table 2). Nineteen of 22 patients had 
IgG4 GPIHBP1 autoantibodies; 13 had relatively high titer 
grades (3 or higher); five had a titer grade of 5 (Table 2). 
IgG1 subclass GPIHBP1 autoantibodies were detectable in 
19 patients, with 13 having a relatively low titer grade of 
1–1.5 and only one having a titer grade of 5. IgG2 GPIHBP1 
autoantibodies were detected in 7 patients, and the titer 
grade was generally low (grade 1–1.5). IgG3 GPIHBP1 au-
toantibodies were detected in 10 patients, and all but one 
had a low titer grade of 1–2. IgM GPIHBP1 autoantibodies 
were detectable in 8 of 22 samples, but the titer grade was 

Fig.  3.  Detection, by confocal immunofluorescence microscopy, 
of GPIHBP1 autoantibodies in the plasma of a patient with chylomi-
cronemia. CHO cells were transfected with expression vectors en-
coding S-protein tagged versions of human GPIHBP1 or a related 
LU family member (CD59). After 24 h, the cells were incubated 
with the plasma from a normolipidemic subject (control) or a pa-
tient with chylomicronemia (sample 3 in Table 1). GPIHBP1 and 
CD59 were both detected with an antibody against the S-protein 
epitope tag (red); GPIHBP1 was also detected with the human GPI-
HBP1–specific mAb RG3 (yellow). The presence of GPIHBP1 auto-
antibodies on the GPIHBP1-transfected cells was detected with an 
antibody against human IgG (green). DNA was stained with DAPI 
(blue). This figure is reproduced with permission from Beigneux 
et al. (35).

Fig.  4.  GPIHBP1 autoantibodies block the binding of LPL to GPI-
HBP1 on the surface of GPIHBP1-transfected cells, as judged by 
confocal fluorescence microscopy. GPIHBP1-transfected cells were 
preincubated with a plasma sample from a normolipidemic subject 
(control) or from patients with chylomicronemia from GPIHBP1 
autoantibodies (patients 2 and 7 in Table 1) and subsequently incu-
bated with the conditioned media from human LPL–transfected 
cells. GPIHBP1 autoantibodies (green) in plasma samples from pa-
tients 2 and 7 bound avidly to the GPIHBP1 (blue) on the surface 
of GPIHBP1-transfected cell. The binding of autoantibodies pre-
vented the binding of LPL (red) to GPIHBP1. DNA was stained with 
DAPI (yellow). This figure is reproduced with permission from 
Beigneux et al. (35).
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low (grade 1–1.5) (Table 2). Figure 7 depicts the frequency 
of GPIHBP1 autoantibodies in different immunoglobulin 
classes, organized according to titer grade, revealing that 
IgA and IgG4 GPIHBP1 autoantibodies were predominant 
and tended to have the highest titer grade.

IgA and IgG4 autoantibodies are known to cause human 
disease. IgA autoantibodies have been observed in SLE 
(57–60), pemphigus vulgaris (61, 62), and celiac disease 

(63). IgG4 autoantibodies have been documented in pem-
phigus vulgaris (61), membranous nephropathy (64), and 
thrombotic thrombocytopenic purpura (65). IgG4 anti-
bodies are functionally monovalent and do not mediate 
complement fixation; they are thought to cause disease by 
disrupting protein–protein interactions rather than by elic-
iting tissue injury (61, 65–70). Disruption of protein–pro-
tein interactions seems consistent with the pathophysiology 

TABLE  1.  Biochemical data obtained on archived plasma samples from 22 patients with the GPIHBP1 autoantibody syndrome,  
along with the available clinical data on the patients

ID  
Number

TG  
(mg/dl)

LPL  
(ng/ml)

GPIHBP1 
(pg/ml)

GPIHBP1 
AutoAbs (U/ml) Gender Age (years) ANA Clinical Features

Response  
to Rituximab References

1 2,407 17 156 2,612 F 26 + AP, SLE Yes (35) (patient 157)
2 1,389 45 0 1,328 F 20 – AP (35) (patient 111)
3 2,660 11 179 2,667 M 38 – AP; diabetes from chronic 

pancreatitis
(35) (patient 38)

4 1,720 5 13 1,129 F 53 +++ AP, RA, SS, HD, SLE (35) (patient 101)
5 2,188 26 90 556 M 36 + AP (56)
6 2,265 4 16 2,476 F 34 + MS (74)
7 6,500 6 0 29,224 F 38 +++ SLE, HA (35) (patient 102)
8 3,277 7 6 29,793 F 3 – HA
9 7,971 55 34 3,224 F 23 +
10 4,740 14 130,227 1,975 M 50 + HA
11 5,960 9 6,660 763 F 27 + AP, APS, GD Yes (76)
12 1,807 13 25,622 794 F 11 – AP
13 7,865 14 40 2,032 F 17 – AP, suspected HA Yes (75)
14 1,486 12 0 17,236 F 28 +
15 1,140 24 2 2,910 F 15 + SLE, SLE nephritis, APS Yes
16 1,580 15 5,074 303 M 11 + HD
17 2,600 7 11 3,250 F 15 + AP
18 2,380 6 0 3,387 F 35 + HD
19 1,800 9 0 237 F 29 – HD
20 2,591 12 0 3,242 F 14 ++ AP, SLE
21 2,120 12 18 2,813 M 13 +
22 4,440 8 21,938 2,313 F 14 ++ AP, suspected SLE/RA Yes
N.R. 90–150 70–140 550–1,528 < 58 – (74, 82)

The normal range (N.R.) for each parameter is provided in the bottom row of this table. ID, identification; AutoAbs, autoantibodies; ANA, 
antinuclear antibodies; RA, rheumatoid arthritis; SS, Sjögren’s syndrome; HD, Hashimoto disease; MS, multiple sclerosis; APS, anti-phospholipid 
syndrome; AP, acute pancreatitis; HA, hemolytic anemia; GD, Graves’ disease. F, female; M, male.

TABLE  2.  Lipase levels and immunoglobulin levels in patients with the GPIHBP1 autoantibody syndrome

Patient Number EL (ng/ml) HTGL (ng/ml) IgA IgM IgG1 IgG2 IgG3 IgG4

1 101 12 2 1 1.5 1.5 1.5 3
2 196 42 1.5 0 1 0 0 3
3 123 48 2 0 2 0 0 2
4 23 52 1.5 0 1.5 0 0 0
5 NA NA 1.5 0 1.5 0 1 1.5
6 54 272 2 0 1.5 0 0 4
7 215 81 3 0 3 3 1.5 5
8 129 19 4 1 5 1 5 5
9 83 286 2 1.5 1.5 1 1.5 5
10 152 79 2 1 0 1 0 0
11 73 7 2 0 1.5 0 1.5 1
12 70 15 1.5 1 0 0 0 3
13 237 40 1.5 0 1.5 0 1 3
14 75 22 3 1 3 1.5 1.5 5
15 287 53 2 1 1.5 0 2 3
16 226 67 1 0 1 0 0 0
17 70 32 2 0 1 0 0 4
18 107 25 1.5 0 2 0 1.5 1.5
19 121 64 1 0 0 0 0 2
20 94 21 3 1 2 1 0 5
21 142 38 1.5 0 1 0 0 3
22 107 11 1.5 0 1 0 0 2
Normal range 43–136 36–116 0 0 0 0 0 0

Levels of GPIHBP1 autoantibodies in different immunoglobulin classes were scored as grades 1–5, based on the 
optical density in the ELISA (see Fig. 7). EL, endothelial lipase; HTGL, hepatic triglyceride lipase; NA, not available.
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of the GPIHBP1 autoantibody syndrome, but the possibil-
ity that GPIHBP1 autoantibodies triggers tissue injury has 
not been excluded. No one has examined tissue biopsies 
from patients with the GPIHBP1 autoantibody syndrome; 
thus, we do not know whether GPIHBP1 autoantibodies 
might, at least in some patients, trigger inflammation and 
endothelial cell injury.

WHEN TO CONSIDER A DIAGNOSIS OF THE 
GPIHBP1 AUTOANTIBODY SYNDROME

Only a few percent of patients with chylomicronemia 
(plasma triglycerides >1,000 mg/dl) have a monogenic dis-
order (e.g., a deficiency of LPL, GPIHBP1, APOC2, LMF1). 
In the overwhelming majority of cases, the cause of chylomi-
cronemia is multifactorial, influenced by genetic variation 
in dozens of different genes, diet, alcohol intake, metabolic 
disease, and prescription drugs (e.g., -blockers, thiazide 

diuretics, estrogens, L-asparaginase) (71–73). Undiagnosed 
or uncontrolled type 2 diabetes and prescription drugs are 
probably the most common precipitating cause. In a few 
patients, the hyperlipidemia is responsive to a targeted in-
tervention (e.g., treating diabetes, stopping a drug), but in 
many cases the cause remains murky, frustrating the pa-
tient and physician alike.

GPIHBP1 autoantibodies cause some cases of newly 
acquired chylomicronemia. Our patients with GPIHBP1 
autoantibody syndrome were identified in very small-scale 
screens and by testing plasma samples mailed to us by cli-
nicians (35, 56, 74–76). The frequency of the GPIHBP1 
autoantibodies among patients with chylomicronemia is 
unknown. We doubt that GPIHBP1 autoantibodies are a 
common cause of chylomicronemia, but at the same time 
we suspect that our cases represent the tip of the iceberg. 
Many clinicians are unaware of the GPIHBP1 autoantibody 
syndrome. In a recent review of chylomicronemia, au-
thored by experienced clinicians, GPIHBP1 autoantibod-
ies were never considered in the differential diagnosis of 
chylomicronemia (72).

In patients with acquired chylomicronemia, several clini-
cal signs should prompt the possibility of the GPIHBP1 syn-
drome. Certainly, it should be considered in any patient 
positive for ANA antibodies or with an autoimmune dis-
ease. Other signs are the abrupt onset of chylomicronemia 
in the absence of a secondary cause and poor response to 
diet and lipid-lowering drug therapy. GPIHBP1 autoanti-
bodies should also be considered if chylomicronemia ap-
pears during IFN 1 therapy (74). INF 1 has been 
reported to exacerbate autoimmune disease (77–79). Eguchi 
et al. (74) recently described a multiple sclerosis patient 
who developed GPIHBP1 autoantibodies and chylomicrone-
mia during INF 1 treatment. When the INF 1 therapy 

Fig.  5.  GPIHBP1 autoantibodies from different patients differ in 
their capacity to interfere with the detection of GPIHBP1 by a 
monoclonal antibody–based ELISA. Here, we show the ability of the 
ELISA to detect GPIHBP1 in plasma samples from three different 
patients with the GPIHBP1 autoantibody syndrome (patients 12, 14, 
and 22 in Table 1) and a normolipidemic control “C”. The plasma 
of patient 14 had undetectable levels of GPIHBP1, reflecting the 
presence of GPIHBP1 autoantibodies that interfered with the 
ELISA. Patients 12 and 22 had high levels of GPIHBP1, indicating 
that their autoantibodies against GPIHBP1 had little capacity to in-
terfere with the ELISA. A: The high GPIHBP1 levels in the plasma 
of patient 12 were no longer detectable after mixing the plasma of 
patient 12 with the plasma from patient 14. B: Mixing plasma sam-
ples from patients 12 and 22 did not interfere with detection of 
GPIHBP1. C: Mixing the plasma from patient 12 with a normolipid-
emic control (sample C) did not alter the ability of the ELISA to 
detect GPIHBP1. D: Mixing plasma from patient 14 with the plasma 
from the control subject (subject C) abolished detection of GPI-
HBP1 by the ELISA. Results show the optical density (OD) in the 
GPIHBP1 ELISA at each sample dilution (1:50 to 1:6,400).

Fig.  6.  ELISAs testing the ability of dilutions of plasma from a 
control subject “C” and two GPIHBP1 autoantibody patients (pa-
tients 15 and 22 in Table 1) to compete with two different HRP-la-
beled GPIHBP1-specific monoclonal antibodies (mAb RE3, mAb 
RF4) for binding to recombinant human GPIHBP1. RE3 binds to 
GPIHBP1’s LU domain and abolishes GPIHBP1’s ability to bind 
LPL (38). RF4 binds to an epitope located between GPIHBP1’s 
acidic domain and LU domain (8). A: Plasma samples from the two 
GPIHBP1 autoantibody patients, but not the control plasma, inhib-
ited the binding of mAb RE3 to GPIHBP1. B: Neither the control 
plasma nor the plasma samples from the two GPIHBP1 autoanti-
body patients inhibited the binding of mAb RF4 to recombinant 
GPIHBP1. Plasma samples were tested over a range of dilutions 
(1:20 to 1:640).



1372 J. Lipid Res. (2020) 61(11) 1365–1376

was stopped, the triglyceride levels normalized; the GPI-
HBP1 autoantibodies disappeared; and the serum LPL lev-
els increased.

Intermittent episodes of chylomicronemia are perfectly 
consistent with the GPIHBP1 autoantibody syndrome. GPI-
HBP1 autoantibodies can disappear spontaneously, with 
normalization of plasma triglyceride and LPL levels, only 
to reappear months later in the setting of another episode 
of chylomicronemia (75). Intermittent disease is not par-
ticularly surprising. Autoantibodies against the insulin re-
ceptor occasionally disappear, resulting in normalization of 
glucose levels and insulin sensitivity (80). Also, autoantibod-
ies against the M-type phospholipase A2 receptor occasion-
ally disappear in patients with membranous glomerulopathy, 
coinciding with remission of disease (81).

ESTABLISHING A DIAGNOSIS OF THE GPIHBP1 
AUTOANTIBODY SYNDROME

A diagnosis of the GPIHBP1 antibody syndrome in pa-
tients with hypertriglyceridemia fundamentally depends 
on documenting GPIHBP1 autoantibodies in serum or 
plasma. GPIHBP1 autoantibodies can be identified quite 
easily with an ELISA (35, 82). Dilutions of serum or plasma 
are incubated on 96-well plates coated with recombinant 
GPIHBP1. After washing the plate, immunoglobulin bind-
ing to GPIHBP1 is detected with a peroxidase-labeled anti–
human IgG. Currently, there are no FDA-approved tests for 
GPIHBP1 autoantibodies, but an ELISA for GPIHBP1 au-
toantibodies is available from Immuno-Biological Labora-
tories (Fujioka, Japan). Testing the immunoglobulin class 
and subclass of GPIHBP1 autoantibodies is not essential.

Measuring plasma LPL levels are not absolutely required 
but documenting very low levels of LPL helps to solidify the 
diagnosis. Protocols for measuring LPL have been described 
in detail (83), and ELISA kits to measure human LPL levels 
are commercially available (e.g., CellBiolabs, Cusabio).

Monoclonal antibody–based ELISAs to measure plasma 
GPIHBP1 levels have been described in detail (35, 38, 55), 
and an ELISA kit to measure GPIHBP1 is available from 
Immuno-Biological Laboratories. Measuring GPIHBP1 lev-
els is not essential. As noted earlier, patients with GPIHBP1 
autoantibodies can have either extremely low or very high 
levels of GPIHBP1, depending on whether the GPIHBP1 
autoantibodies interfere with detection of GPIHBP1 in the 
ELISA.

TREATING PATIENTS WITH GPIHBP1 
AUTOANTIBODIES

In the initial report on GPIHBP1 autoantibodies (35), 
two patients appeared to respond to immunosuppressive 
drug therapy. In one patient (patient 1 in Table 1), plasma 
triglyceride levels normalized after infusions of rituximab, 
a CD20-specific monoclonal antibody that is commonly 
used to treat other autoimmune diseases (e.g., pemphigus 
vulgaris, thrombotic thrombocytopenic purpura, SLE) 
(84–86). In another patient, patient number 164 in the ini-
tial report (35), triglycerides normalized after treatment 
with mycophenolate mofetil, an immunosuppressive agent 
commonly used to prevent rejection of organ allografts 
and to treat several autoimmune diseases, including SLE 
(35). However, in these cases, there was no experimental 
evidence proving that the remission of disease coincided 
with disappearance of GPIHBP1 autoantibodies.

Two recent cases have provided convincing evidence 
that rituximab is effective for treating chylomicronemia 
caused by GPIHBP1 autoantibodies (75, 76). The first case 
involved a 15-year-old girl (patient 13 in Table 1) who pre-
sented with chylomicronemia (plasma triglycerides 3,539 
mg/dl) complicated by acute pancreatitis (75). GPIHBP1 
autoantibodies were easily detectable, and the plasma lev-
els of LPL were low. The patient was treated with mycophe-
nolate mofetil and prednisolone, with normalization of 
both plasma triglycerides and LPL levels, but compliance 
with this regimen was poor. After several months, GPIHBP1 
autoantibodies reappeared; the plasma triglyceride levels 
increased to >5,200 mg/dl; and plasma LPL fell to extremely 
low levels. The patient was then given infusions of rituximab. 
Within several months, the triglyceride levels normalized 
(105 mg/dl); the GPIHBP1 autoantibodies disappeared; 
and the plasma LPL levels returned to normal (Fig. 8A).

In the second case, a 27-year-old woman with a history of 
antiphospholipid syndrome and Graves’ disease (patient 
11 in Table 1) developed severe chylomicronemia (plasma 
triglycerides 5,960 mg/dl). Her serum contained GPIHBP1 
autoantibodies; the plasma LPL levels were extremely low, 
and the plasma levels of GPIHBP1 were undetectable. 
Treatment with fenofibrate, ezetimibe, prednisone, plasma 
separations, lipid aphereses, and immunoabsorptions were 

Fig.  7.  IgA and IgG4 autoantibodies are predominant in the GPI-
HBP1 autoantibody syndrome. Shown here are numbers of GPI-
HBP1 autoantibody syndrome patients having IgA, IgM, IgG1, 
IgG2, IgG3, and IgG4 autoantibodies, organized according to “titer 
grade.” The titer grade for each immunoglobulin class and subclass 
was assessed for 22 patients with the GPIHBP1 autoantibody syn-
drome. The titer was assessed by ELISAs in which 1:1,000 dilutions 
of plasma samples were loaded onto wells coated with recombinant 
GPIHBP1. After washing the plates, HRP-labeled immunoglobulin 
class- and subclass-specific antibodies were added to the plates. The 
binding of those antibodies was graded according to the optical 
density (OD) in the ELISA. Grades ranged from below detection 
(grade 0, dark blue bars) to very high levels (grade 5, brown bars). 
Grade 0, OD < 0.1; grade 1, OD 0.1–0.25; grade 1.5, OD 0. 25–0.5; 
grade 2, OD 0.5–1.0; grade 3, OD 1.0–2.0; grade 4, OD 2.0–3.0; 
grade 5, OD > 3.0.
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either ineffective or yielded transient decreases in plasma 
triglyceride levels. Because of persistent chylomicronemia 
(triglyceride levels >5,500 mg/dl), the patient was given 
three infusions of rituximab. After several months, the se-
rum triglyceride levels normalized; GPIHBP1 autoantibod-
ies disappeared; and the plasma levels of LPL and GPIHBP1 
normalized (Fig. 8B).

Recently, in two other patients with chylomicronemia 
and GPIHBP1 autoantibodies (patients 15 and 22 in Table 
1), plasma triglyceride levels normalized after treatment 
with rituximab. In these cases, GPIHBP1 autoantibodies 
were not tested after rituximab treatment, but given the 
normalization of triglyceride levels it is likely that the auto-
antibodies disappeared.

REPORTS OF CHYLOMICRONEMIA FROM LPL 
AUTOANTIBODIES

Several groups have reported cases of chylomicronemia 
from LPL autoantibodies (87–97). The evidence for LPL 
autoantibodies has included the ability of the patient’s se-
rum to block LPL catalytic activity, the ability of the immu-
noglobulins in the serum to bind to LPL on ELISA plates, 
the ability of immunoglobulins in the serum to bind (in 
Western blots) to a protein in postheparin plasma with a 
molecular mass similar to LPL (52 kDa), or the ability of 
immunoglobulins in the serum to bind to LPL purchased 
from a commercial source. None of the cases reported in 
the literature have been particularly convincing, for a vari-
ety of reasons. Immunoglobulins can bind nonspecifically 
to many proteins, including proteins with a molecular mass 
similar to that of LPL (35, 56). In some reports, the fidelity 
of the reagents was unclear. Commercial sources of LPL 

can be contaminated with antithrombin III (98), a hepa-
rin-binding protein with a molecular mass similar to that of 
LPL. Polyclonal LPL antibodies used as a control are also 
known to contain antibodies that bind antithrombin III 
(98). Chylomicronemia from LPL autoantibodies is an in-
triguing idea, but at this point more evidence is needed.

At the University of California Los Angeles, we have 
tested plasma samples from 11 chylomicronemia patients 
for LPL autoantibodies, including samples from two pa-
tients in whom the existence of LPL autoantibodies had 
been reported or strongly suspected (35). None of the 11 
samples that we tested had LPL autoantibodies. The two 
samples reported to have LPL autoantibodies (35) did not 
have LPL autoantibodies but did have GPIHBP1 autoanti-
bodies. A third patient reported to have LPL autoantibod-
ies had neither LPL nor GPIHBP1 autoantibodies.

Documenting the existence of an “LPL autoantibody 
syndrome” would require rigorous and well controlled 
tests, including Western blots, immunocytochemistry ex-
periments, ELISAs, and LPL activity assays. To test for LPL 
autoantibodies with Western blots, we recommend prepar-
ing cell extracts and medium samples from CHO cells that 
have been transfected with an expression vector for un-
tagged human LPL, LPL containing an epitope tag, or 
empty vector. After SDS-PAGE and transfer of the size-frac-
tionated proteins to nitrocellulose, Western blots should 
be performed with a monoclonal antibody against LPL 
(e.g., 5D2), an antibody against the epitope tag, and serum 
samples from normal controls as well as the patient sus-
pected of having LPL autoantibodies. Monoclonal anti-
body 5D2 should bind avidly to both untagged LPL (52 
kDa) and the epitope-tagged LPL (54 kDa), but not to pro-
teins in the CHO cells transfected with empty vector. The 
epitope tag antibody should bind exclusively to the 54 kDa 
epitope-tagged LPL. If a patient truly has LPL autoantibod-
ies, then the immunoglobulins in the serum should bind to 
both tagged and untagged human LPL. Testing normal 
human plasma samples and testing the fidelity of second-
ary antibodies is essential. In addition to Western blot stud-
ies, it is essential to show that putative LPL autoantibodies 
bind to LPL in LPL-transfected CHO cells and bind to a 
recombinant tagged LPL captured on ELISA wells coated 
with a monoclonal antibody against the epitope tag. Proce-
dures for these types of experiments have been outlined by 
Beigneux et al. (35, 99).

Making the diagnosis of an LPL autoantibody syndrome 
also requires demonstrating that the autoantibodies inhibit 
LPL catalytic activity. For these studies, we recommend 
harvesting medium from CHO cells that have been trans-
fected with a human LPL expression vector. LPL activity in 
the conditioned medium can be verified with a [3H]tri-
olein substrate (99). With this sort of assay, one can test 
whether the autoantibodies in serum or plasma inhibit 
LPL catalytic activity. As a control, it is important to show 
that LPL triglyceride hydrolase activity is blocked by the 
LPL-specific monoclonal antibody 5D2. We caution against 
inferring the presence of “LPL autoantibodies” based on 
the ability of a patient’s serum sample to reduce the LPL 
activity present in a sample of postheparin plasma.

Fig.  8.  Plasma triglyceride levels (TG, brown circles), GPIHBP1 
autoantibodies (autoAbs, black circles), LPL mass (red circles), and 
GPIHBP1 mass levels (green circles) in two patients with the GPI-
HBP1 autoantibody syndrome. Values are shown both before and 
after treatment with rituximab (RTX); blue arrows indicate timing 
of RTX infusions. A: TG, GPIHBP1 autoantibodies, LPL mass, and 
GPIHBP1 mass measurements in a GPIHBP1 autoantibody patient 
(patient 13 in Table 1) described by Ashrafi et al. (75). Panel A 
modified, with permission, from the publication by Ashraf et al. 
(75). B: TG, GPIHBP1 autoantibodies, LPL mass, and GPIHBP1 
mass measurements in a GPIHBP1 autoantibody patient (patient 11 
in Table 1) described by Lutz et al. (76).



1374 J. Lipid Res. (2020) 61(11) 1365–1376

SUMMARY

We have summarized findings in 22 chylomicronemia 
patients with GPIHBP1 autoantibodies. GPIHBP1 autoanti-
bodies block the ability of GPIHBP1 to bind LPL and trans-
port LPL into the lumen of capillaries. Patients with the 
GPIHBP1 autoantibody syndrome have very low plasma 
levels of LPL, consistent with reduced transport of LPL 
into capillaries. Many patients with GPIHBP1 autoantibod-
ies had clinical or serologic evidence of autoimmune dis-
ease, and many have had one or more bouts of acute 
pancreatitis. In a few patients, GPIHBP1 autoantibodies 
were the only manifestation of autoimmune disease. Re-
cent studies have revealed that the GPIHBP1 autoantibody 
syndrome can be treated with rituximab, resulting in disap-
pearance of the autoantibodies and normalization of both 
plasma triglyceride and LPL levels. The GPIHBP1 autoan-
tibody syndrome should be considered in unexplained 
cases of chylomicronemia.
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