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Abstract

BACKGROUND—Autoantibodies against GPIHBP1 cause chylomicronemia by blocking the
ability of GPIHBP1 to bind lipoprotein lipase (LPL) and transport the enzyme to its site of action
in the capillary lumen.

OBJECTIVE—A patient with multiple sclerosis developed chylomicronemia during interferon
(IFN) pla therapy. The chylomicronemia resolved when the IFN pla therapy was discontinued.
Here, we sought to determine whether the drug-induced chylomicronemia was caused by
GPIHBP1 autoantibodies.

METHODS—We tested plasma samples collected during and after IFN Bla therapy for GPIHBP1
autoantibodies (by western blotting and with enzyme-linked immunosorbent assays). We also
tested whether the patient’s plasma blocked the binding of LPL to GPIHBP1 on GPIHBP1-
expressing cells.

RESULTS—During IFN p1la therapy, the plasma contained GPIHBP1 autoantibodies, and those
autoantibodies blocked GPIHBP1’s ability to bind LPL. Thus, the chylomicronemia was due to
the GPIHBP1 autoantibody syndrome. Consistent with that diagnosis, the plasma levels of
GPIHBP1 and LPL were very low. After IFN pla therapy was stopped, the plasma triglyceride
levels returned to normal, and GPIHBP1 autoantibodies were undetectable.

CONCLUSION—The appearance of GPIHBP1 autoantibodies during IFN pla therapy caused
chylomicronemia. The GPIHBP1 autoantibodies disappeared when the IFN pla therapy was
stopped, and the plasma triglyceride levels fell within the normal range.

Keywords
GPIHBP1,; hypertriglyceridemia; interferon pla; chylomicronemia; autoantibodies

Introduction

GPIHBPL1, glycosylphosphatidylinositol-anchored high density lipoprotein—binding protein
1, is a protein of capillary endothelial cells that plays a key role in intravascular lipolysis.t 2
GPIHBP1 plays three crucial functions in plasma triglyceride metabolism. First, it binds
lipoprotein lipase (LPL) in the subendothelial spaces and transports it to its site of action in
the capillary lumen.: 2 Second, the GPIHBP1-bound LPL is responsible for the margination
of triglyceride-rich lipoproteins (TRLs) along capillaries, allowing lipolysis to proceed.
Third, GPIHBP1 stabilizes LPL against both spontaneous and ANGPTL4-mediated
unfolding and inactivation.* ® The importance of GPIHBP1 in intravascular triglyceride
processing is demonstrated by the fact that GP/HBPI mutations cause lifelong, severe
hypertriglyceridemia (chylomicronemia) associated with bouts of pancreatitis.5-12

Recent studies have demonstrated that some acquired cases of chylomicronemia are caused
by GPIHBP1 autoantibodies (“GPIHBP1 autoantibody syndrome”).13: 14 GPIHBP1
autoantibodies block the ability of GPIHBP1 to bind LPL, preventing transport of the
enzyme to the capillary lumen.13: 14 The hypertriglyceridemia associated with GPIHBP1
autoantibodies is typically severel3. 14 and is often associated with bouts of acute
pancreatitis. The GPIHBP1 autoantibody syndrome is often, but not always, associated with
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another autoimmune disease (e.g., systemic lupus erythematosus).® The frequency of
GPIHBP1 autoantibodies among patients with chylomicronemia is not known but does not
appear to be rare.13. 14

We previously reported a 34-year-old female patient who was admitted to the Okayama
University Hospital for progressive numbness on the right side of her face and in her right
upper and lower extremities.1> The initial examination revealed normal plasma triglyceride
levels and elevated levels of anti-cardiolipin, anti-thyroglobulin, and anti-thyroid peroxidase
antibodies.1®> A brain MRI revealed lesions consistent with multiple sclerosis (MS), and the
patient was treated with interferon (IFN) pla therapy. Over a period of six months, the IFN
Bla dose was gradually increased from 15 pg to 30 pg per week. The patient had no further
signs of MS, but her plasma triglyceride levels increased from 97 mg/dl (at the time of
presentation) to 2305 mg/dl (after a year on IFN Bla therapy).1® At that time, the serum LPL
levels were low (22 ng/ml).15> No LPL mutations were identified.1® The patient was treated
with 400 mg of bezafibrate, and because of abnormal thyroid function levothyroxine therapy
was initiated.1® The patient’s thyroid tests normalized within a month, but the
hypertriglyceridemia persisted.1> IFN Bla was replaced by fingolimod, and the plasma
triglyceride levels normalized within 5 months.1®

Because the patient had “thyroid autoantibodies” at initial presentation and because IFN pla
can in some cases “fuel” autoimmune diseases,'6-18 we hypothesized that the
chylomicronemia during the IFN B1la therapy was due to GPIHBP1 autoantibodies. We
further hypothesized that the GPIHBP1 autoantibodies disappeared after IFN Bla therapy
was discontinued. Here, we tested those hypotheses.

Materials and Methods

Subject

The 34-year-old female subject has been followed at the Okayama University Hospital for
the past 6 years. This study was approved by the ethics committee of the Okayama
University Hospital, and a written informed consent was obtained from the subject before
the initiation of the study. Plasma samples free of any patient identifiers were shared with
A.P.B.and S.G.Y. at UCLA.

Genetic and Blood Sample Analyses

Genomic DNA was extracted from the subject’s whole blood, and the coding regions of
LPL, APOCZ, APOC3, APOAS5, GPIHBPI1, LMF1, GCKR, CREB3L3, and GPD1 were
sequenced.19 20 The subject’s blood sample was collected after an overnight fast. LPL mass,
hepatic lipase (HL) mass, endothelial lipase (EL) mass, and GPIHBP1 mass were measured
by solid-phase immunoassays (ELISASs).21-25

Measurements of LPL and HL Activity

Pre- and post-heparin plasma was collected before and 10 min after an intravenous injection
of heparin (50 1U/kg). LPL and HL activity were determined as described previously.28

J Clin Lipidol. Author manuscript; available in PMC 2019 February 18.
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Production of Recombinant Human GPIHBP1

Secreted versions of human GPIHBP1, CD177, C4.4A, and CD59 with an amino-terminal
UPAR epitope tag were expressed in Drosophila S2 cells and purified on immunoaffinity
column with a monoclonal antibody against uPAR (mAb R24).13. 27

ELISAs to Detect GPIHBP1 and LPL Autoantibodies in Human Plasma

GPIHBP1 autoantibodies were examined with two ELISAs.13 In the first ELISA, 0.5 pg of
the uPAR-tagged GPIHBP1 was added to wells that had been coated with 0.5 pug of mAb
R24. After washing, serial 1:2 dilutions of plasma samples were added to the wells and
incubated overnight at 4°C. Human IgGs that bound to GPIHBP1 were detected with a
horseradish peroxidase (HRP)-labeled goat anti-human [IgG + IgM] (1:50,000 in blocking
buffer). After washing, 50 pl of TMB substrate was added to the wells, incubated on ice for
5 min, and the reaction was stopped with 50 ul of 2M sulfuric acid. The optical density (OD)
was read at 450 nm.

In the second ELISA, plasma samples (1:500 dilution) were added to wells that had been
coated with 0.5 pg of human GPIHBP1, CD177, C4.4A, or CD59. Human 1gGs were then
detected with HRP-labeled goat anti human [IgG + IgM]. In separate wells, known amounts
of human IgGs were applied directly onto wells, and the autoantibody titer of the samples
was determined by comparing the OD of the sample wells with the OD of human 1gG-
coated wells.

The possibility of LPL autoantibodies was tested with an ELISA in which FLAG-tagged
human LPL from transfected CHO cells was captured on a plate coated with 0.5 pg/well of
anti-FLAG antibody (Sigma Millipore). Plasma samples (1:500) were then added to the
wells, and any human 1gGs that bound to the LPL were detected with an HRP-labeled goat
anti-human [IgG + IgM], exactly as described for the GPIHBP1 autoantibody ELISA. The
binding of FLAG-tagged LPL to the anti-FLAG antibody was verified in a parallel ELISA
with an HRP-labeled monoclonal antibody against human LPL (mAb 88B8).

The immunoglobulin classes (isotypes) and subclasses were determined by ELISA using the
Human Immunoglobulin Class Screening Kit from Cygnus Technologies (Southport, NC).

Western Blots

Proteins in the conditioned medium of Drosgphila S2 cells expressing human GPIHBP1
were size-fractioned by SDS-PAGE under nonreducing conditions and then transferred to a
sheet of nitrocellulose. The membranes were incubated with plasma samples (1:40 dilution),
and the binding of antibodies was detected with an IRDye-680-labeled donkey anti-human
IgGs (Rockland, 1:200). The membrane was subsequently incubated with an IRDye-800—
labeled human GPIHBP1-specific antibody RF4.21 A western blot was also performed with
a rabbit antibody against human apolipoprotein CIlI (Abcam). Antibody binding was
visualized with a Li-Cor infrared scanner.

J Clin Lipidol. Author manuscript; available in PMC 2019 February 18.
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Immunocytochemistry

Results

CHO pgsA-745 cells (2 x 10%) were electroporated with 2 pg of plasmid DNA encoding S-
protein—tagged versions of either wild-type human GPIHBP1 or GPIHBP1-W109S (a
mutant GPIHBPL1 that cannot bind LPL). On the next day, the transfected cells were
incubated with plasma samples for 1 h at 4°C (1:20 dilution). After washing, the cells were
incubated with V5-tagged human LPL (200 ng/well) for 1 h at 4°C. After fixation in 100%
methanol, immunocytochemistry studies were performed on non-permeabilized cells with an
Alexa Fluor 488—conjugated goat anti-human (IgG + IgM] (50 ng/ml); an Alexa Fluor 568—
conjugated mouse anti-V5 antibody (1:50); and a rabbit antibody against the S-protein tag
(0.2 pg/ml) followed by an Alexa Fluor 647—conjugated donkey anti-rabbit 1gG
(ThermoFisher, 2.5 pg/ml). Confocal images were taken with an Axiovert 200M microscope
and processed with the Zen 2010 software (Zeiss).

A patient with multiple sclerosis developed chylomicronemia during IFN pla therapy. The
plasma triglycerides increased from 97 mg/dl at the initial presentation to 2265 mg/dl during
the IFN Bla therapy (Table 1). No coding mutations were found in LPL, APOCZ, APOCS,
APOAS, GPIHBP1, LMF1, GCKR, CREB3L3, or GPD1.

The chylomicronemia during IFN Bla treatment was associated with low plasma LPL mass
and activity levels (Table 2). Endothelial lipase (EL) mass, and hepatic lipase (HL) mass and
activity were within the normal range (Table 2). As expected, apo-Cll and apo-ClIlII levels
were slightly elevated during IFN Bla therapy but declined after the therapy was
discontinued. (Table 1). Lower levels of plasma apo-CllII off IFN Bla therapy were also
documented by western blotting (Fig. 1).

The chylomicronemia persisted for many months during IFN Bla therapy, but the
triglyceride levels fell to normal after the IFN was discontinued.1® Most recently, the
patient’s plasma triglyceride levels (off IFN Bla therapy) were 122 mg/dl (Table 1). After
IFN Bla therapy was stopped, the preheparin plasma LPL levels increased from 3.90 ng/ml
to 20.6 ng/ml; the post-heparin plasma LPL levels increased from 8.4 ng/ml to 14.2 ng/ml,
and more recently, the post-heparin plasma LPL level was 19.9 ng/ml (Table 2).

Detection of GPIHBP1 autoantibodies in the patient’s plasma

Because the patient had thyroid autoantibodies at the initial presentation and because the
plasma levels of GPIHBP1 and LPL levels were low during IFN B1a therapy, we suspected
that the chylomicronemia during IFN pla therapy was due to the “GPIHBP1 autoantibody
syndrome.” As judged by a solid-phase ELISA, both the pre- and post-heparin plasma
samples collected during IFN Bla therapy contained GPIHBP1 autoantibodies at levels
comparable to another patient with the GPIHBP1 autoantibody syndrome (Fig. 2). The
autoantibodies during IFN pla therapy bound specifically to GPIHBP1 and not to other LY6
proteins (Fig. 3). LPL autoantibodies could not be detected by ELISA. The GPIHBP1
autoantibody titer was 2160 U/ml in post-heparin plasma; a similar level (2476 U/ml) was
detected in the preheparin plasma (Fig. 2). No GPIHBP1 autoantibodies could be detected in
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plasma or serum samples collected after the termination of the IFN pla therapy (Fig. 3). The
GPIHBP1 autoantibodies in the patient’s plasma interfered with the ability to detect
recombinant GPIHBP1 after the GPIHBP1 was spiked into the patient’s plasma (Fig. 4).

The GPIHBP1 autoantibodies during IFN pla therapy were mainly subclass 1gG4 and to a
far lesser extent IgA. There were no 19G1, 1gG2, or 1gG3 autoantibodies. No 1gG4 or IgA
GPIHBP1 autoantibodies were detected in plasma after the discontinuation of IFN Bla
therapy.

The presence of GPIHBP1 autoantibodies in the patient’s plasma during IFN pla therapy
was verified by western blotting (Fig. 5). The GPIHBP1 autoantibodies bound to the same
band as a human GPIHBP1-specific monoclonal antibody (Fig. 5). We suspected that the
GPIHBP1 autoantibodies in the patient’s plasma during the IFN pla therapy would block
the binding of LPL to GPIHBP1-expressing cells. Indeed, this was the case (Fig. 6). In
contrast, the plasma collected after the termination of the IFN (-1a therapy (which was free
of GPIHBP1 autoantibodies) had no capacity to block LPL binding to GPIHBP1-expressing
cells (Fig. 6).

Discussion

We previously reported a patient with multiple sclerosis who developed chylomicronemia
during treatment with IFN B1a.1> At the time of the initial report, the GPIHBP1
autoantibody syndrome had not yet been described. After the GPIHBP1 autoantibody
syndrome was discovered, we began to suspect that the IFN pBla-treated patient with
chylomicronemia may have had GPIHBP1 autoantibodies. First, like other patients with the
GPIHBP1 autoantibody syndrome, the multiple sclerosis patient had pre-existing evidence
of autoimmune disease (e.g., antibodies against cardiolipin, thyroglobulin, thyroid
peroxidase).1> Second, IFN Bla therapy has been reported to exacerbate diseases caused by
autoantibodies (e.g, SLE, rheumatoid arthritis, hyper- or hypothyroidism,
thrombocytopenia).16-18 Third, the patient did not have gene mutations associated with
lifelong chylomicronemia. Indeed, the patient’s triglyceride levels normalized after stopping
the IFN Bla therapy.l® In the current study, we demonstrated that the patient had a high titer
of GPIHBP1 autoantibodies while on IFN B1a therapy (comparable to the titers in other
patients with the GPIHBP1 autoantibody syndrome). After the IFN pla therapy was
stopped, the GPIHBP1 autoantibodies disappeared and the plasma triglycerides normalized.
As expected, the presence of the GPIHBP1 autoantibodies in the patient’s plasma limited the
ability of an ELISA to detect GPIHBP1 (after spiking the plasma with recombinant
GPIHBP1). Also, the GPIHBP1 autoantibodies inhibited the ability of GPIHBPL1 to bind
LPL. The latter finding—the ability of GPIHBP1 autoantibodies to block LPL binding to
GPIHBP1—is the biochemical sine gua non of the GPIHBP1 autoantibody syndrome.

In our multiple sclerosis patient, the GPIHBP1 autoantibodies were predominantly subclass
IgG4 and to a small extent IgA. In recent years, 1gG4 autoantibodies have been shown to
play a predominant role in many autoimmune diseases, including pemphigus foliaceus,
pemphigus vulgaris, thrombotic thrombocytopenic purpura, and membranous nephropathy.
28,29 |n general, 1gG4 autoantibodies cause disease by disrupting the binding of essential
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protein—protein interactions rather than by causing structural damage to tissues.28: 29 In the
GPIHBP1 autoantibody syndrome, the sole mechanism of disease, at least as far as we are
aware, is disrupting the binding of LPL to GPIHBP1 on capillary endothelial cells.13: 14

Ours is the first case of the GPIHBP1 autoantibody syndrome associated with IFN pla
therapy. There are earlier reports of severe hypertriglyceridemia in the setting of IFNa
therapy,3° but whether those cases were accompanied by GPIHBP1 autoantibodies is not
known. Earlier publications have stated that IFN 1a therapy can “fuel” autoimmune disease
syndromes, although hypertriglyceridemia is uncommon (less than 5%),31: 32 The package
insert for IFN pla contains a warning about the potential of autoimmune diseases during
therapy (e.g., idiopathic thrombocytopenia, hyper- or hypothyroidism, and autoimmune
hepatitis) and further states that the drug should be stopped if those complications occur. In
the case of chylomicronemia due to the GPIHBP1 autoantibody syndrome, stopping the drug
is imperative because of the high risk for acute pancreatitis.

A hallmark of functional GPIHBP1 deficiency (whether caused by autoantibodies or
homozygous loss-of-function GP/HBPI mutations) is low plasma levels of GPIHBP1 and
LPL. In the setting of LPL deficiency, the plasma levels of LPL can be extremely low, but
GPIHBP1 levels are normal.13 The low plasma levels of LPL in the GPIHBP1 autoantibody
syndrome make sense, simply because the autoantibodies block transport of LPL to the
capillary lumen. The low plasma levels of GPIHBP1 also make sense because the
autoantibodies block detection of GPIHBP1 by ELISAs. Our IFN Bla-treated patient with
chylomicronemia and GPIHBP1 autoantibodies had a presentation typical of the GPIHBP1
autoantibody syndrome—Ilow plasma levels of both GPIHBP1 and LPL.

The plasma levels of GPIHBP1 and LPL increased after IFN pla therapy was discontinued
—when GPIHBP1 autoantibodies were absent and plasma triglyceride levels were normal.
Even though the disappearance of GPIHBP1 autoantibodies resulted in higher GPIHBP1 and
LPL levels, the levels of both GPIHBP1 and LPL levels remained rather low. We don’t know
the reason for the persistently low levels of GPIHBP1 and LPL after discontinuation of IFN
Bla therapy, but one possibility is that the GPIHBP1 autoantibodies in this patient, like some
other endothelial cell-specific alloantibodies and autoantibodies,33 34 damaged GPIHBP1-
expressing endothelial cells and selected against their survival (7.e., GRIHBP1-expressing
endothelial cells in capillaries were gradually replaced by endothelial cells of arterioles and
venules, which lack GPIHBP1 expression). Against that possibility is the observation that
1gG4 subclass autoantibodies, such as those present in our patient, generally do not cause
tissue damage.28 29 A second possibility is that the presence of GPIHBP1 autoantibodies re-
set the expression of GPIHBPL in capillary endothelial cells. In the renal transplantation
literature, ABO-incompatible kidneys survive and function despite the presence of ABO
alloantibodies in the circulation.3® In those cases, the endothelial cells of the recipient
kidney appear to adapt by reducing the expression of ABO antigens on endothelial cells. In
our case, the explanation for the persistently low GPIHBP1 and LPL levels after
discontinuation of the IFN Bla therapy is unknown. However, the important lesson from this
case is that the plasma triglyceride levels normalized completely after the GPIHBP1
autoantibodies disappeared from the circulation.
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Assessing relative amounts of apo-CllI in the plasma by SDS-PAGE followed by western

blotting with a goat polyclonal against human apo-ClIl. The plasma levels of apo-CIlI were
higher on IFN pla therapy (on) than after IFN Bla therapy was discontinued (off). A
normolipidemic plasma sample (control) was also included as a control. A nonspecific band
at ~50-kDa indicated that the loading of plasma samples was similar. IFN, interferon.
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Figure. 2.

The plasma of the patient treated with IFN pla contains immunoglobulins that bind to
GPIHBP1 in a dose-dependent manner. uPAR-tagged human GPIHBP1 produced in
Drosophila S2 cells was captured on an ELISA plate with the uPAR-specific monoclonal
antibody R24. Serial dilutions of the patient plasma samples (pre-heparin and post-heparin
samples) were applied to the wells and incubated overnight. Immunoglobulins bound to
GPIHBP1 were detected with an HRP-labeled goat anti-human 1gG/IgM. Plasma samples
from a normal control and a subject with GPIHBP1 antibodies (AutoAb control)13 were
included as negative and positive controls, respectively. HRP, horseradish peroxidase;
GPIHBP1, glycosylphosphatidylinositol-anchored high-density lipoprotein—binding protein
1.

J Clin Lipidol. Author manuscript; available in PMC 2019 February 18.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Eguchi et al.

Page 13

(Pre-heparin: Post-heparin:\
on IFN oon IFN
® off IFN off IFN

® off IFN (serum)
ONormal control ohlgG

| JAutoAb control standard
hlgG (ng/well)
ol . . .25 50 75
0.6 -
0.5 ¢ |
E
°0.4' i
n
<
Q 0.3 -
003
0.2 i
0.1 -
© © © ©
0.0

CD177 C4.4A CD59 GPIHBP1
Protein coated (100 ng/well)

Figure 3.
The IFN pla treatment was associated with the presence of autoantibodies against

GPIHBPL. The presence of autoantibodies in the patient’s blood, both during IFN therapy
and after the therapy was discontinued, was assessed by ELISA. The samples consisted of
plasma from a normal control, plasma from a documented GPIHBP1 autoantibody case
(AutoAb control),13 and plasma or serum from the patient during (on IFN) and after
discontinuing IFN pBla therapy (off IFN). ELISA plates were coated with 500 ng/well of
purified human LY6 proteins (GPIHBP1, CD177, C4.4A, or CD59). After blocking, diluted
(1:500) plasma or serum samples were added to the wells and incubated overnight. The
binding of plasma 1gGs to the purified proteins was quantified with an HRP-labeled goat
anti-human 1gG/IgM. The autoantibody titer was determined by comparing the optical
density (OD) in the sample wells with the OD of wells that had been coated with known
amounts of human IgG (open square). GPIHBP1, glycosylphosphatidylinositol-anchored
high-density lipoprotein—binding protein 1; IFN, interferon.

J Clin Lipidol. Author manuscript; available in PMC 2019 February 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Eguchi et al.

Page 14

OD 450 nm
N s o o

A
1

209 52 13
Amount (ng/ml) of human GPIHBP1
added to plasma samples
® on IFN (pre-heparin) ® off IFN (pre-heparin)
® on IFN (post-heparin) off IFN (post-heparin)

5350 1338 334 83.6

O human GPIHBP1

Figure 4.
The presence of GPIHBP1 autoantibodies in the plasma compromises the ability of an

ELISA to detect recombinant GPIHBP1. In this study, we tested the ability of a monoclonal
antibody—based ELISA to detect GPIHBP1 in plasma after spiking the samples with
different amounts of recombinant GPIHBP1 (from 5,350 ng/ml to 0.7 ng/ml). When the
recombinant human GPIHBP1 was spiked into plasma samples obtained during IFN pla
therapy (/.e., when GPIHBP1 autoantibodies were present), the ability of the ELISA to
detect GPIHBP1 was reduced (note the reduction in OD in plasma samples that had been
spiked with less than 83.6 ng/ml of GPIHBPL). In contrast, the ability to detect recombinant
GPIHBP1 was robust in plasma samples obtained after the termination of the IFN pla
therapy (when GPIHBP1 autoantibodies were undetectable). GPIHBP1,
glycosylphosphatidyl-inositol-anchored high-density lipoprotein—binding protein 1; IFN,
interferon; OD, optical density.
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Figure5.
Detecting GPIHBP1 autoantibodies by western blotting. Proteins in the conditioned medium

of human GPIHBP1-expressing Drosophila S2 cells were size-fractionated under
nonreducing conditions and then transferred to nitrocellulose membranes. The membranes
were incubated with plasma from a normal control subject (C) or the plasma from the
multiple sclerosis patient during IFN pla therapy (+IFN) and after discontinuing IFN
therapy (—IFN). Human immunoglobulins were detected with an IRDye680-labeled donkey
anti-human IgGs (red, top row). The same membranes were subsequently incubated with an
IRDye800-labeled human GPIHBP1-specific antibody RF42! (green, middle row). The
bottom row shows the merged images. Arrowhead points to the GPIHBP1 band. GPIHBP1,
glycosylphosphatidylinositol-anchored high-density lipoprotein—binding protein 1; IFN,
interferon.
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Figure®6.
Immunocytochemistry studies showing that the GPIHBP1 autoantibodies in the multiple

sclerosis patient’s plasma block LPL binding to GPIHBP1. Cells expressing S-protein—
tagged human GPIHBP1 were pre-incubated with plasma from: a normal subject (Normal
C), a previously studied patient with GPIHBP1 autoantibodies (AutoAb C),13 or plasma
collected from the multiple sclerosis patient during IFN pla therapy (on IFN) and after
discontinuing the therapy (off IFN). Next, V5-tagged human LPL was added to the wells.
LPL binding to the GPIHBP1-transfected cells was visualized with an anti-V5 tag antibody
(red). DNA was stained with DAPI (yellow). GPIHBP1 autoantibodies (green) in the
patient’s plasma during IFN Bla therapy bound to the cells expressing S-protein—tagged
human GPIHBP1 (b/ue); the binding of the GPIHBP1 autoantibodies to GPIHBP1-
expressing cells abolished LPL binding. The plasma collected after discontinuing IFN
treatment did not contain GPIHBP1 autoantibodies and had no capacity to block LPL
binding. As expected, plasma from the previously studied patient with GPIHBP1
autoantibodies blocked LPL binding to GPIHBP1, while a normal plasma control did not.
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Cells expressing the mutant GPIHBP1-W109S6 did not bind LPL. GPIHBP1,

glycosylphosphatidylinositol-anchored high-density lipoprotein—binding protein 1; IFN,
interferon; LPL, lipoprotein lipase.
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Lipid and lipoprotein profiles during IFNp1a therapy (on) and after discontinuing that therapy (off).

|ENBlatherapy
Normal range
on off

Total Chol. (mmol/l) 4.45 5.48 3.36-5.69
Triglycerides (mg/dl) 2265 122 90.0-150
HDL-C (mmol/l) 0.59 15 1.06-2.59
LDL-C (mmol/l) 0.96 3.54 1.81-3.59
Apo-Al (mg/dl) 94 115 126-165
Apo-All (mg/dl) 19.3 25.7 24.6-33.3
Apo-AV (1 g/ml)) 1.38 0.27 0.09-1.78
Apo-B (mg/dl) 70 110 66.0-101
Apo-ClI (mg/dl) 8.6 3.7 1.50-3.80
Apo-ClII (mg/d1) 22.7 9.2 5.40-9.00
Apo-E (mg/dI) 3.4 5.1 2.80-4.60
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GPIHBPL1 and lipase levels in the pre-and post-heparin plasma during IFNB1a therapy (on) and after

discontinuation of that therapy (off).

Table 2.

OnIFNBla Off IFNBla
Normal range

Pre Post Pre Post
GPIHBP1 mass (pg/ml) 155 134 514 559 550-1528
LPL mass (ng/ml) 3.9 84 206 199 70.0-140
HL mass (ng/ml) 473 463 484 477 36.0-116
EL mass (ng/ml) 93 683 452 395 43.0-136
LPL activity (U/L) ND 105 ND 275 40.0-209
HL activity (U/L) ND 266 ND 351 198-859

J Clin Lipidol. Author manuscript; available in PMC 2019 February 18.

Page 19



	Abstract
	Introduction
	Materials and Methods
	Subject
	Genetic and Blood Sample Analyses
	Measurements of LPL and HL Activity
	Production of Recombinant Human GPIHBP1
	ELISAs to Detect GPIHBP1 and LPL Autoantibodies in Human Plasma
	Western Blots
	Immunocytochemistry

	Results
	Detection of GPIHBP1 autoantibodies in the patient’s plasma

	Discussion
	References
	Figure 1.
	Figure. 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Table1.
	Table 2.



