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Summary

Background—Antiphospholipid syndrome (APS) is diagnosed based on the presence of
antiphospholipid antibodies and clinical thrombosis or fetal loss during pregnancy. Lupus-prone
(NZWxBXSB)F1 male mice are the mouse model of spontaneous APS. They develop anti-p2GPI
antibodies, microinfarcts and hypertension. ApoER2 is a receptor that contributes to anti-p2GPI-
dependent thrombosis in APS by down-regulating endothelial nitric oxide synthase activation.

Objectives—A1-Al is a small protein constructed from two identical ligand-binding modules
from ApoER?2, containing the binding site for B2GPI. We studied how treatment with A1-Al
affects the development of hypertension in (NZWxBXSB)F1 male mice.

Methods—We treated (NZWxBXSB)F1 male mice with A1-Al for up to 4 weeks and examined
changes in hemodynamics by left ventricular pressure-volume loop measurements.

Results—We observed improvements in blood pressure in the A1-Al treated mice. A1-Al
prevented the deterioration of arterial elastance by decreasing systemic resistance and improving
vessel compliance. We did not detect any adverse effects of the treatment in either male mice or in
apparently healthy female (NZWxBXSB)F1 mice.

Conclusions—We demonstrated that A1-Al, which is a soluble analog of ApoER?2 that binds
pathological B2GPI/anti-B2GPI complexes, has a positive impact on hemodynamics in lupus-
prone mice with spontaneous anti-p2GPI antibodies and hypertension.
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Introduction

Antiphospholipid syndrome (APS) is a serious medical condition diagnosed based on the
presence of antiphospholipid antibodies and clinical thrombaosis or fetal loss during
pregnancy [1]. Because of the high rate of recurrence, individuals at high risk of developing
APS or already diagnosed with APS are treated indefinitely with oral anticoagulants [2,3].
Despite continuous anticoagulation, recurrent thrombosis approaches 30% during the first 10
years [4,5], emphasizing the need for new treatments for APS.

Clinical tests for APS detect circulating antibodies to proteins that can bind anionic
phospholipids. Beta2-glycoprotein | (B2GPI), which acquires prothrombotic properties only
after association with antibodies, is the major antigen in APS [6-10]. Exposure to anti-
[B2GPI antibodies results in increased thrombus size in animal models of thrombosis and
cellular activation /n vitro [11-16]. Several cell-surface receptors, including TLR2, TLR4,
Annexin A2, GPlba and ApoER2 as well as anionic phospholipids, are involved in the
binding and activation of endothelial cells, monocytes and platelets by p2GPI in the
presence of anti-p2GPI antibodies, and in increasing thrombus size [17-24]. Complement
activation plays a critical role in APS-related pregnancy complications [25]. The relative
contribution to thrombosis and interplay of individual receptors in APS is poorly
understood.

It has been previously shown that anti-B2GPI antibodies acting via ApoER2 stimulate
platelets, inhibit activation of endothelial nitric oxide synthase (eNOS), increase adhesion of
monocytes to endothelial cells, and suppress migration of endothelial cells in vitro
[18,20,26]. In addition, the effects of anti-B2GPI antibodies on thrombus size, leukocyte
adhesion and endothelial repair are attenuated in ApoER2~/~ mice [13,20,26].

B2GPI interacts with AL, the first ligand-binding domain of ApoER2 [27]. We have made a
small protein, A1-Al, which interferes with the binding of p2GPI dimerized by anti-p2GPI
antibodies to both ApoER2 and anionic phospholipids, two molecules on cell surfaces that
play a critical role in APS [28,29]. A1-Al is constructed from two identical ligand-binding
modules derived from ApoER?2. Each of these two modules contains the binding site for
B2GPI. Previously, we have shown that A1-Al preferentially binds to p2GPI when it is
dimerized by anti-B2GPI antibody, compared with $2GPI alone [28]. A1-Al inhibited the
anti-p2GPI-dependent increase of thrombus size in laser-induced thrombosis in BALB/c
mice infused with anti-B2GPI antibodies isolated from a patient with APS and in
(NZWxBXSB)F1 male mice with spontaneous anti-32GPI antibodies [30].

APS is a chronic condition in which the circulating anti-B2GPI antibodies are present
throughout the patient’s lifetime. Male mice of the (NZWxBXSB)F1 hybrid are the only
known mouse model of spontaneous APS. The first-generation male offspring of the cross
between two murine models of systemic lupus erythematosus (SLE), NZW female mice and
BXSB male mice, develop anti-B2GPI antibodies early in life and the levels of anti-p2GPI
antibodies increase with age [30-32]. (NZWxBXSB)F1 male mice exhibit accelerated SLE
with inflammatory glomerulonephritis, have lupus-like antinuclear antibodies and, unlike
other murine models of SLE, more than 80% of these mice develop degenerative coronary
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vascular disease with microvascular thrombosis, which contributes to accelerated mortality
[32-36]. Compared with male mice, female (NZWxBXSB)F1 mice develop SLE and anti-
B2GPI antibodies much later in life and only a small percentage of female mice display
coronary lesions.

(NZWxBXSB)F1 male mice gradually develop hypertension as they age [37,38]. We treated
(NZWxBXSB)F1 male mice with A1-Al, which is a soluble analog of ApoER2 specific for
B2GPI bound by anti-B2GPI antibody, and observed improvements in systemic blood
pressure. We did not detect any adverse effects of the treatment with A1-Al in either
(NZWxBXSB)F1 male mice or in healthy female mice. Our results suggest that p2GPI/anti-
B2GPI complexes acting via ApoER2 contribute to the progression of hypertension and
vessel damage in (NZWxBXSB)F1 male mice and that A1-Al inhibits the pathological
effects of p2GPI/anti-p2GPI antibody complexes.

Female NZW and male BXSB mice were obtained from the Jackson Laboratory (Bar
Harbor, ME, USA). Mice were housed and bred at the Animal Research Facility at Beth
Israel Deaconess Medical Center. All animal care and experimental procedures were
approved by the Institutional Animal Care and Use Committee of Beth Israel Deaconess
Medical Center.

Minipump implantation and hemodynamic measurements

Al is a fragment of mouse ApoER2 (residues 12-47). A1-Al was constructed, expressed in
Escherichia coliand purified as previously described [28]. LA6 (residues 212-251 in low-
density lipoprotein receptor [LDLR]) was expressed in £. coli and purified following the
same procedure used for the purification of A1-Al. Endotoxin in preparations of A1-Al and
LAB, measured with the end-point chromogenic test (Lonza, Walkersville, MD, USA), was
below the lowest calibration point of the assay, which was 0.1 EU mL™1.

For the treatment, A1-Al, an Asn36/Asp mutant of A1-Al [39] and LA6 in 25 mm Hepes,
150 mm NaCl, 0.7 mm CaCl2, pH 7.4, were delivered via osmotic mini-pumps (models 2002
and 2004, Alzet, Cupertino, CA, USA) implanted subcutaneously. A1-Al and LA6 were
used for a 2-week treatment and the Asn36/Asp mutant of A1-A1 for a 4-week treatment.
Up to five mice were housed per cage and were fed a standard laboratory chow. Before
pump implantation, mice from the same litters were randomly divided into treatment and
control groups.

At the end of the treatment, cardiac function was analyzed by left ventricular pressure-
volume loop measurements performed under inhalant isoflurane (1.5%) anesthesia as
described previously [40]. All hemodynamic measurements were performed between the
hours of 11 : 00 and 15: 00. Pressure-volume (PV) parameters were measured using a 1.2F
PV-4.5 mm microtip catheter (Scisense, London, ON, Canada). First, the catheter was
inserted into the common carotid artery and the aortic blood pressure recorded. Then, the
catheter was advanced into the left ventricle to measure the PV-loop parameters. Data were
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acquired using the PowerLab system (ADInstruments, Colorado Springs, CO, USA) and
analyzed with the Lab-Chart8 program using the PV-loop module. The PV-loop
measurements were averaged over at least six cardiac cycles.

Serum levels of A1-Al in treated mice

Al-Al was labeled with Atto488 (Sigma-Aldrich, St. Louis, MO, USA) at the N-terminus,
using a 1 : 6 molar ratio of A1-Al to Atto488 in the reaction mixture. Unreacted Atto488
was removed by passing the reaction mixture twice through Zeba spin desalting columns
(7TK MWCO; Thermo Fisher Scientific, Waltham, MA, USA). Atto488-labeled A1-Al in 25
mm Hepes, 150 mm NaCl, 0.7 mm CaCly, pH 7.2, was loaded into osmotic micropumps
(model 1003D; Alzet, Cupertino, CA, USA). Three 8-week-old female (NZWxBXSB)F1
mice with an average body weight of 24.1 + 1.8 g were treated with 85 g of Atto488-A1-
Al per day. On day 3, serum and urine samples were collected from the treated as well as
untreated control mice and analyzed on a fluorescence plate reader (BioTek Instruments,
Winooski, VT, USA) using 500 nm excitation and 528 nm emission wavelengths. Serum
samples were used undiluted and urine was diluted 1 : 50 and 1 : 100 with saline. The
Atto488-A1-Al concentration in the serum was quantified using a calibration curve built
with known concentrations of Atto488-A1-Al prepared in the serum of untreated mice. The
levels of A1-A1 were 0.8 + 0.1 ug mL™1 in serum and 81 + 15 pg mL~1 in urine, suggesting
that about 1% of infused A1-Al remained in serum and more than 95% was excreted in
urine.

Serum levels of circulating proteins and lipids

Mouse blood was collected from the inferior vena cava at the end of the PV-loop procedure.
After incubation for 1-2 h at room temperature, the serum was prepared by centrifugation at
300 xg followed by centrifugation at 16 000 xg for 20 min, aliquoted and kept frozen at

—80 °C. Antibodies to B2GPI were measured by ELISA using 96-well plates coated with
human B2GPI supplied with the 2GPI-1gG ELISA kit (Inova Diagnostics, San Diego, CA,
USA). Serum samples were diluted 1 : 50 with the sample diluent from the kit, incubated for
30 min on a plate, probed with HRP-conjugated donkey anti-mouse 1gG (ab7061; Abcam,
Cambridge, MA, USA) and detected with tetramethylbenzidine (TMB) substrate. Each set
of measurements contained serial dilutions of mouse monoclonal anti-human B2GPI 1gG
(Alpha Diagnostic, San Antonio, TX, USA) prepared in the sample diluent and used to
generate a standard curve. Mouse anti-dsDNA total Ig (Alpha Diagnostic) and Cystatin C
(R&D Systems, Minneapolis, MN, USA) ELISA measurements were performed according
to the manufacturer’s instructions. The blood urea nitrogen (BUN) colorimetric detection kit
used was from B-Bridge International (Santa Clara, CA, USA). Total cholesterol was
measured with the Amplex Red cholesterol assay kit (Invitrogen, Carlsbad, CA, USA) and
the triglyceride quantification kit was from Abcam.

Statistical analysis

The statistical significance of the difference in the measured hemodynamic parameters was
calculated using a two-tailed #test and one-way Anova with Bonferroni correction. The
measured levels of proteins, BUN and lipids in female and young male mice were compared
using a two-tailed #test and one-way anova. The differences between groups of older male
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mice were assessed using the Kruskal-Wallis rank test and Wilcoxon rank-sum test with
Bonferroni correction for multiple comparisons. 2= 0.05 was used as the limit for statistical
significance.

Results

Al-Al stabilizes systemic hypertension and improves pulse pressure and arterial
elastance in (NZWxBXSB)F1 male mice

Anti-B2GPI antibodies appear in male mice between 8 and 10 weeks of age [30]. To study
the effects of A1-Al on the progression of hypertension and organ damage, we treated male
mice from 8 weeks of age, before the onset of anti-p2GPI antibodies, and from 10 weeks of
age, at the onset of the antibodies. Male mice were treated for 2 and 4 weeks when the
treatment started at 8 weeks of age, and for 4 weeks when the treatment started at 10 weeks
of age. For each experimental condition, we had two age-matched control groups: untreated
mice and mice treated with a vehicle. To assess the adverse effects of A1-Al, we treated
healthy (NZWxBXSB)F1 female mice from 8 and 10 weeks of age for the duration of 2 and
4 weeks, respectively. A1-Al was continuously infused via an osmotic minipump at a rate of
74 pg day~! for the 2-week treatment period and 50 pg day =2 for the 4-week treatment
period. The estimated concentration of A1-Al in serum was 55 nm during the 4-week
treatment and 80 nm during the 2-week treatment.

To characterize mice in the age-matched treatment and control groups, we measured
circulating levels of anti-B2GPI and anti-dsDNA antibodies (Fig. 1A,B). Anti-p2GPI and
anti-dsDNA antibodies are markers of a mouse’s predisposition to APS and lupus,
respectively. In untreated male mice, we observed an overall increase in circulating levels of
anti-B2GPI and anti-dsDNA antibodies with age. There was a wide distribution of the
measured parameters within each age group of untreated male mice, reflecting heterogeneity
in the progression of the disease. A1-Al did not change serum levels of autoantibodies.
Female mice, in contrast to male mice, remained healthy with hardly detectable anti-p2GPI
and anti-dsDNA antibodies.

Both systolic and diastolic blood pressure increased progressively with age in untreated
(NZWxBXSB)F1 male mice and remained normal in untreated female mice, which do not
have anti-B2GPI antibodies (Fig. 2, Table 1). In contrast to untreated mice, the blood
pressure in male mice treated with A1-Al did not increase and remained at the same level as
it was at the beginning of treatment regardless of the duration of the treatment. There was no
difference in blood pressure between untreated male mice and male mice treated with a
vehicle. A1-Al had no effect on blood pressure in female mice, which remained normal.

Al1-Al prevented deterioration of arterial elastance (Ea) and counteracted the increases in

mean arterial pressure (MAP) and pulse pressure (PP) in male mice (Table 1). The increase
in systolic pressure with age in untreated male mice and in male mice treated with a vehicle
was faster than the increase in diastolic pressure. This fast increase in systolic pressure was
reflected in the statistically significant difference in PP between A1-Al-treated and control
mice. Effective arterial elastance, which incorporates both steady and pulsatile components
of arterial load [41], was also significantly improved in the A1-Al-treated group compared
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with control mice. Other measured left ventricular pressure-volume loop parameters, such as
stroke volume, cardiac output and ejection fraction, were not significantly different in Al-
Al-treated male mice compared with controls. Moreover, neither cardiac output nor stroke
volume changed with age in male mice. These data suggest that the increase in systemic
resistance and the decrease in vessel compliance both contribute to the observed increase in
effective arterial elastance. A1-Al had no effect on hemodynamics in female
(NZWxBXSB)F1 mice.

To confirm that the antihypertensive effect of A1-A1l depends on its binding to 2GPI, we
treated mice with LAG, which is a structural homolog of Al that does not bind p2GP1 [29].
Eight-week-old (NZWxBXSB)F1 male mice were treated with 74 pug day~1 of LA6 for 2
weeks. Treatment with LA6 did not change hemodynamic parameters compared with
untreated control mice (LA6, 7= 7, SBP =122.4 £ 5.5 mmHg, DBP = 84.6 + 4.9 mmHg, PP
=355+ 3.7 mmHg, Ea = 7.0 + 1.0 mmHg pL~1 untreated mice, n=8, SBP = 122.3 + 9.9
mmHg, DBP = 87.1 + 6.2 mmHg, PP = 35.0 + 5.5 mmHg, Ea = 6.6 + 1.1 mmHg uL1).
LAG has a cluster of negatively charged residues conserved in all ligand-binding modules in
all receptors from the LDLR family. The absence of any effect of LA6 on the progression of
hypertension in male mice excludes the possibility that the observed effect of A1-Al on
hypertension is a result of non-specific electrostatic binding of anti-DNA antibodies to Al-
Al.

Kidney disease is not the major cause of hypertension in (NZWxBXSB)F1 male mice

Kidney function in mice was assessed by two serum markers, Cystatin C and BUN. Serum
levels of Cystatin C (0.36 + 0.04 pg mL™1, 7= 12) and BUN (21 +3mg dL™1, n=12) are
normal in 8- and 10-week-old male mice and begin to decline from 12 weeks of age.
Although blood pressure increases uniformly with age in untreated male mice, the levels of
kidney markers have a wide distribution within age groups in older mice. Forty per cent of
hypertensive (NZWxBXSB)F1 male mice in 12- and 14-week age groups still have both
Cystatin C and BUN levels within the normal range, defined as mean + 3*SD, calculated for
young animals. The following data summarize levels of Cystatin C and BUN in 12-, 14- and
16-week-old untreated (NZWxBXSB)F1 male mice. Cystatin C levels: 12 weeks old, 7= 10,
median 0.51 pg mL~1, range 0.29-1.0 pg mL~1; 14 weeks old, 7= 10, median 0.58 pg mL™1,
range 0.32-1.29 ug mL™1; 16 weeks old, 7= 8, median 0.63 pg mL~2, range 0.46— 1.12 g
mL~1. BUN levels: 12 weeks old, 7= 10, median 25 mg dL~1, range 13-84 mg dL~1; 14
weeks old, /7= 10, median 22 mg dL1, range 17-147 mg dL1; 16 weeks old, 7= 8, median
26 mg dL~1, range 20-50 mg dL~1.

Al1-Al did not show any signs of nephrotoxicity in either male or female mice. No
statistically significant differences were found between Al-Al-treated and control age-
matched groups of male mice. The serum level of BUN measured in 14-week-old female
mice was normal in the control (18 + 2 mg dL™1, 7=7) and A1-Al-treated (21 + 3 mg dL 1,
n=17) groups.
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Al-Al does not have an adverse impact on lipid metabolism in treated mice

Receptors of the LDLR family and ApoE on the lipoprotein particles have an important role
in hepatic clearance of cholesterol- and triglyceride-rich lipoproteins [42-45]. Because Al-
Al resembles ligand-binding domains of receptors from the LDLR family, we evaluated a
possible off-target effect of A1-Al on lipid metabolism. A1-Al had no adverse effect on
serum levels of total cholesterol and triglycerides in either male or female mice. Measured
lipid levels were similar in A1-Al-treated and control groups and tightly clustered around
their average values in female mice and in 8- and 10-week-old male mice (Cholesterol: 10-
week-old male mice, 7= 6, untreated 111 + 21 mg dL~1, A1-Al-treated 113 + 18 mg dL~1;
10-week-old female mice, 7= 67, untreated 105 + 19 mg dL~1, A1-Al-treated 98 + 16 mg
dL"1; 14-week-old female mice, 7= 6-7, untreated 102 + 18, A1A1-treated 99 + 9 mg dL 1.
Triglycerides: 10-week-old male mice, 7= 6, untreated 69 + 18 mg dL~1, A1-Al-treated 50
+ 7 mg dL~1; 10-week-old female mice, 7= 67, untreated 76 + 25 mg dL~1, A1-Al-treated
68 + 26 mg dL~1; 14-week-old female mice, 7= 6-7, untreated 35 + 9, A1-Al-treated 41

+ 13 mg dL™1). The range of measured levels of cholesterol (30-349 mg dL1) and
triglycerides (32-326 mg dL~1) increased in older control and A1-Al-treated male mice.

Discussion

ApoER?2 is a receptor for pathological B2GPI/anti-B2GPI complexes in APS [13]. We made
a small protein, A1-Al, consisting of two identical ligand-binding modules from ApoER2.
By design, A1-Al is a soluble analog of ApoER?2 specific for 2GPI/anti-32GPI antibody
complexes.

APS patients have persistent anti-B2GPI antibodies, which not only contribute to thrombosis
during acute events, but also cause gradual damage to the endothelium [46,47]. Endothelial
dysfunction has a strong association with hypertension, which is a common condition
affecting more than 18% of individuals worldwide [48,49]. Although there are no data on
the incidence of hypertension in anti-B2GPI-positive APS patients, it has been demonstrated
that antiphospholipid antibodies are elevated in patients with essential hypertension and
hypertension is a risk factor contributing to arterial thrombosis in primary APS [50,51]. We
determined for the first time that long-term treatment with A1-Al improved hypertension
and vessel function in (NZWxBXSB)F1 male mice with spontaneous anti-p2GPI antibodies.
A small amount of A1-A1, less than 100 nm measured in serum, was sufficient to counteract
the increase in blood pressure in (NZWxBXSB)F1 male mice as they age.

Al1-Al also preserved arterial elastance and PP in the treated male mice, suggesting a
beneficial effect on endothelial function. Increased arterial elastance and PP, two conditions
observed in untreated (NZWxBXSB)F1 male mice, correlate with endothelial dysfunction in
humans [52-54]. Given that we did not detect any change in cardiac output and stroke
volume in (NZWxBXSB)F1 male mice with age, our data suggests that a decrease in vessel
diameter and elasticity are the two factors that contribute to the elevated blood pressure in
these mice.

Blood pressure in (NZWxBXSB)F1 male mice gradually increases with age, and this
increase in blood pressure coincides with the production of anti-B2GPI antibodies. Anti-
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B2GPI antibodies, in combination with lupus-related autoantibodies, are likely to be the key
factor in the development of hypertension in (NZWxBXSB)F1 male mice. The
immunosuppressive drug cyclophosphamide and bone marrow transplantation reduced both
hypertension and myocardial infarcts in (NZWxBXSB)F1 male mice [37,55]. Among
murine models, (NZWxBXSB)F1 male mice are unique in producing spontaneous anti-
B2GPI antibodies. Interestingly, the only other lupus mouse strain that develops spontaneous
hypertension comparable to that of 16-week-old (NZWxBXSB)F1 male mice is
(NZBxW)F1 female mice [55,56]. Progression of hypertension is different in
(NZWxBXSB)F1 male mice and (NZBxW)F1 female mice. In (NZWxBXSB)F1 male mice,
values of systolic and diastolic pressure are uniform within each age group regardless of a
wide distribution of the markers of kidney damage. In (NZBxW)F1 female mice,
hypertension occurs between 7 and 9 months of age and coincides with severe proteinuria
[56,57]. Our data suggest that kidney disease is not the major cause of hypertension in
(NZWxBXSB)F1 male mice. Both Cystatin C and BUN levels remain normal in 40% of
hypertensive (NZWxBXSB)F1 male mice in 12- and 14-week age groups.

We confirmed the specificity of the antihypertensive effect of A1-Al on its inhibition of
B2GPI/anti-B2GPI antibody complexes by treating mice with LA6, which is a ligand-
binding module from the LDLR family that does not bind B2GPI. The treatment with LAS,
which has a cluster of negatively charged residues similar to A1-A1, also excludes the
possibility that the observed effect of A1-Al on hypertension is a result of non-specific
electrostatic binding of A1-Al to anti-DNA antibodies.

The beneficial effects of A1-Al (which is a soluble analogue of ApoER2 optimized for
binding to p2GPI/anti-B2GPI antibody complexes) on blood pressure and arterial elastance
support the role of ApoER?2 in vascular health. It has been previously shown that ApoER?2 is
involved in both endothelial repair and nitric oxide (NO) production by endothelial cells, and
that anti-p2GPI antibodies inhibit these functions of ApoER2 [20,26,58]. Anti-p2GPI
antibodies acting via ApoER2 have a detrimental role in inhibiting eNOS activation. It is
well established that eNOS-derived nitric oxide has a critical role in blood pressure
regulation and that a decrease in NO adversely affects arterial elasticity in humans and mice
[59-64]. It is likely that A1-Al, working as a soluble analog of ApoER2, prevents the
inhibition of eNOS by B2GPI/anti-B2GPI antibody complexes. The increase in bioavailable
nitric oxide, in turn, slows down the development of hypertension in (NZWxBXSB)F1 male
mice.

Our data suggest that A1-A1 does not inhibit the binding of ApoE to lipoprotein receptors.
ApOE is a common ligand for all clearance receptors of the LDLR family [42,43,45]. Our
conclusion is based on two observations. First, A1-Al has no adverse effects on lipid
metabolism and, second, A1-Al improves blood pressure. If A1-Al inhibited the binding of
ApOE to ApoER2, it would have a negative impact on eNOS activation and NO production
[58], exacerbating hypertension in treated mice.

Our finding that treatment with A1-Al had no effect on female mice devoid of anti-p2GPI
antibodies supports the notion that A1-Al does not interfere with the normal function of
lipoprotein receptors. Although the ligand-binding modules from lipoprotein receptors use
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the same conserved residues to bind diverse ligands [65], the binding of a single module to a
ligand is too weak to be physiologically significant. The ligand specificity of lipoprotein
receptors is achieved by utilizing either numerous low-affinity ligand-binding modules or
only a few ligand-binding modules that are optimally spaced to interact with discontinuous
binding epitopes and form intermolecular contacts in addition to conserved ones. A1-Al
consists of only two ligand-binding modules connected by a short linker, which makes Al-
Al incapable of competing with lipoprotein receptors for their ligands.

In conclusion, the A1-Al inhibitor, which we constructed from the ligand-binding domains
of ApoER2 and optimized for the binding of B2GPI/anti-B2GPI antibody complexes, has
beneficial effects on (NZWxBXSB)F1 male mice with spontaneous anti-B2GPI antibodies.
Long-term treatment with A1-Al improved blood pressure and arterial elastance in treated
mice. The demonstrated positive effects of A1-Al suggest that the binding of B2GPI/anti-
B2GPI antibody complexes to ApoER2 contributes to the progression of hypertension and
deterioration of vessel function in (NZWxBXSB)F1 male mice. A1-Al had no adverse
effects on either disease-prone male or healthy female mice. The detailed mechanisms of the
protective effects of A1-Al on hypertension and organ damage in (NZWxBXSB)F1 male
mice need further investigation.
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Essentials

. (NZWxBXSB)F1 male mice develop antibodies beta2-glycoprotein |
(B2GPI) and hypertension.

. Al1-Al is a soluble analogue of ApoE receptor 2 with a high affinity for
B2GPl/antibody complexes.

. Al1-Al improved blood pressure and arterial elastance in
(NZWxBXSB)F1 male mice.

. Al-Al had no adverse effects on the hemodynamics of healthy mice.
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Serum levels of anti-B2GPI antibodies and anti-dSDNA antibodies in (NZWxBXSB)F1
mice. The dot plots show the median value for each group (black bars) and P values between
two groups. U, untreated; V, treated with a vehicle; A, treated with A1-Al. Age-matched
groups: 10UVA (= 6), 10-week-old mice untreated (U) and treated from 8 to 10 weeks of
age (V and A); 12UVA (n=8-10), 12-week-old mice untreated (U) and treated from 8 to 12
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old untreated; 16U (= 8), 16-week-old untreated. *Pvalue < 0.05; **Pvalue < 0.005; ns,

not significant.
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A, treated with A1-Al. Pvalues are specified in Table 1
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