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Abstract
The main receptors for amyloid-beta peptide (Aβ) transport across the blood-brain barrier (BBB)
from brain to blood and blood to brain are low-density lipoprotein receptor related protein-1 (LRP1)
and receptor for advanced glycation end products (RAGE), respectively. In normal human plasma a
soluble form of LRP1 (sLRP1) is a major endogenous brain Aβ ‘sinker’ that sequesters some 70 to
90 % of plasma Aβ peptides. In Alzheimer’s disease (AD), the levels of sLRP1 and its capacity to
bind Aβ are reduced which increases free Aβ fraction in plasma. This in turn may increase brain
Aβ burden through decreased Aβ efflux and/or increased Aβ influx across the BBB. In Aβ
immunotherapy, anti-Aβ antibody sequestration of plasma Aβ enhances the peripheral Aβ ‘sink
action’. However, in contrast to endogenous sLRP1 which does not penetrate the BBB, some anti-
Aβ antibodies may slowly enter the brain which reduces the effectiveness of their sink action and
may contribute to neuroinflammation and intracerebral hemorrhage. Anti-Aβ antibody/Aβ immune
complexes are rapidly cleared from brain to blood via FcRn (neonatal Fc receptor) across the BBB.
In a mouse model of AD, restoring plasma sLRP1 with recombinant LRP-IV cluster reduces brain
Aβ burden and improves functional changes in cerebral blood flow (CBF) and behavioral responses,
without causing neuroinflammation and/or hemorrhage. The C-terminal sequence of Aβ is required
for its direct interaction with sLRP and LRP-IV cluster which is completely blocked by the receptor-
associated protein (RAP) that does not directly bind Aβ. Therapies to increase LRP1 expression or
reduce RAGE activity at the BBB and/or restore the peripheral Aβ ‘sink’ action, hold potential to
reduce brain Aβ and inflammation, and improve CBF and functional recovery in AD models, and
by extension in AD patients.

Keywords
low-density lipoprotein receptor related protein-1; receptor for advanced glycation end products; Fc
neonatal receptor; blood-brain barrier; cerebrovascular; Alzheimer’s disease

Introduction
Alois Alzheimer, over 100 years ago, first described the symptoms, the presence of tangles in
brain and extracellular deposits of a substance in the brain and blood vessels of his patient
Auguste D, for the disease that is now associated with his name, Alzheimer’s disease (AD)
[1]. This is a debilitating disease that affects about 5.2 million people in the US [2]. Aging is
a major risk factor, and with increasing longevity by 2050 the incidence of AD will increase
by about 3 fold [2]. Despite extensive research there is no treatment that alters the biological
progression of the disease. However, we now understand that the brain deposits in AD are
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caused by progressive oligomerization of amyloid β-peptides (Aβ) to form oligomers,
protofibrils and fibrils, and that these Aβ species contribute to neurotoxicity [3-5].

The relative levels and distribution of Aβ species in brain may influence the disease
progression. This led to the ‘amyloid hypothesis’, as a possible explanation for the development
of AD, in which Aβ is central to AD pathology [6-13]. A small number (<1%) of AD cases,
familial AD (early-onset), is linked to genetic mutations which are associated with increased
Aβ production [7,14]. The cause of the majority of AD cases, sporadic (late-onset), may be
due to faulty clearance of Aβ from brain [11,13,15,16]. In this new concept, dementia in AD
is associated with cerebrovascular disorder [13,17-20], which leads to accumulation of Aβ on
blood vessels (cerebral amyloid angiapothy, CAA) and in the brain parenchyma, extracellular
deposits [9,13,21,22], and intraneuronal lesions - neurofibrillar tangles [23].

In the interstitial fluid (ISF) of normal brain, Aβ concentration is rigorously regulated by its
rate of production from the Aβ-precursor protein (APP), influx into the brain across the blood-
brain barrier (BBB) mainly via receptor for advanced glycation end products (RAGE) [24] and
by its rapid clearance across the BBB via low-density lipoprotein receptor related protein-1
(LRP1) [25-27] (Figure 1), and enzymatic degradation within brain [6]. Brain endothelial
expression of RAGE is increased in AD mouse models and in AD patients [24,28-30] whereas
LRP expression at the BBB is reduced [25,26,29], thus making it unfavorable for Aβ clearance
from brain. This in turn may lead to Aβ accumulation in brain and its gradual oligomerization
and greater levels of neurotoxic Aβ oligomers [3-5]. Thus, continuous removal of Aß species
from the brain by transport across the BBB and/or metabolism is essential to prevent their
potentially neurotoxic accumulations in brain [31].

Transport of Aβ across the BBB
The mammalian brain is separated from blood by the BBB localized to the brain capillaries
and pia-subarachnoid membranes and the blood-cerebrospinal fluid (CSF) barrier localized to
the choriod plexi. The physical sites of these barriers are tight junctions between brain
endothelial cells (Figure 1) and epithelial cells, respectively [13,32,33]. There are no effective
barriers to diffusion of molecules between brain ISF and CSF. While the vascular barriers
restrict the transport of polar solutes, rapid transport of essential hydrophobic nutrients, such
as glucose and amino acids, and peptides and proteins involves specific transporter systems
and/or receptor-mediated transport, respectively [13]. Using two-photon microscopy it was
recently shown that mouse parenchymal neuronal dendrites are within about 13 μm of a
capillary [34], while these cells are considerably further away from CSF, especially in adult
animals with large brains [32]. Therefore, the BBB plays a key role in controlling the
composition of brain ISF.

Aß are small peptides (~ 4.5 kDa) and the most common isoforms are Aβ40 and Aβ42. Aβ
peptides are produced by many cells, and circulate in plasma, CSF and brain ISF mainly bound
to chaperone molecules in equilibrium with a small free unbound Aβ fraction [13]. In normal
human CSF and plasma, Aβ40 levels are greater than that of Aβ42 by about 10- and 1.5-fold,
respectively [35]. In vitro studies have shown that a number of transport proteins, such as
albumin, apolipoprotein E (apoE), apolipoprotein J (apoJ), transthyretin (TTR), and α2-
macroglobulin (α2M) bind Aβ [36-41]. However, in human plasma, a soluble form of LRP1,
sLRP1, is a major binding protein for circulating Aβ [42]. Human sLRP1 sequesters some 70
to 90 % of plasma Aβ [42]. Using ELISA, we have shown that human sLRP1 binds the C-
terminal end of Aβ, and that the interaction between sLRP1 and Aβ is completely blocked by
RAP (Figure 2A).

In CSF, apoJ, apoE, TTR and α2M can bind Aβ, and influence its clearance, metabolism and
aggregation [11,21,43-46]. In mice, apoJ increases the BBB clearance of Aβ42, the most toxic
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Aβ species [44]. On the other hand, apoE disrupts the rapid LRP1-dependent clearance of free
monomeric Aβ across the mouse BBB, in an isoform specific manner (apoE4>apoE3 or
apoE2), by redirecting Aβ transport from LRP1 to very low density lipoprotein receptor
(VLDLR) which internalizes Aβ-apoE complexes at a slower rate than LRP1 [21]. TTR
increases total brain and vascular Aβ in Tg2576 mice, a model of AD [45]. In human CSF,
lipocalin-type prostaclandin D synthase/β-trace appears to be another Aβ binding agent [47].

The major clearance transport mechanism of free monomeric Aβ is transcytosis across the BBB
which is mediated mainly by the cell surface LRP1 localized predominantly on the abluminal
side of the cerebral endothelium [25,26]. A relatively minor transport pathway under
physiological conditions is by a bulk flow of the ISF into CSF through the perivascular
Virchow-Robin arterial spaces, which is followed by drainage into the blood across the
arachnoid villi. In normal mice, this pathway is responsible for about 10-15% of total Aβ
clearance [25,48]. Degradation of free Aβ in brain ISF has been reported to be insignificant
[21,25,26].

i. RAGE: Transport of Aβ into brain across the BBB
Circulating Aβ enters brain in a variety of species including guinea-pigs, mice and monkeys
mainly by a specific receptor-mediated transport mechanism that is dependent on RAGE
expression on the luminal surface of brain vessels [24,49-56]. Similar specific receptor-
mediated transport mechanisms exist for other peptides and proteins, including arginine
vasopressin [57], leu-enkephalin [58,59], apoE [37], apoJ [39], activated protein C [60] and
immunoglobulin G (IgG) [61]. Aβ transport into brain is about 5-fold lower than that of
tyrosine, an essential amino acid, that is transported rapidly across the BBB or the choroid
plexus [62-64].

RAGE, a multiligand receptor in the immunoglobulin superfamily, binds a number of ligands
including Aβ [28,65-67]. RAGE expression is determined by the levels of its ligands. When
pathogenic Aβ species accumulate in AD brain, RAGE expression increases in affected
cerebral vessels, neurons or microglia [28], or in transgenic models of β-amyloidosis and in
human brain [24,28-30]. This mechanism provides the potential for exacerbating cellular
dysfunction due to RAGE-Aβ interactions. Soluble Aβ binds RAGE in the nanomolar range,
and mediates its pathophysiologic cellular responses [24,28]. RAGE/Aβ interaction is
implicated in the development of Alzheimer’s neurovascular disorder by mediating
transcytosis of circulating Aβ across the BBB, inflammatory responses in endothelium, brain
endothelial NF-κB-dependent apoptosis and suppression of cerebral blood flow (CBF) [24,
28]. In addition, RAGE mediates Aβ-induced migration of monocytes across the human brain
endothelial cell monolayers [68].

While Aß/apoJ complex is transported into brain via LRP2 [43], this process is normally
saturated by the high levels of plasma apoJ and precludes significant influx of Aβ into the CNS
via this route [69].

Thus RAGE, a major Aβ influx receptor at the BBB, is a potential target for therapies to lower
brain Aβ burden, reduce neuroinflammation, and improve CBF and behavioral performance.
Currently, a compound, PF04494700 (TTP488), which blocks RAGE/Aβ interaction, is in a
Phase 2 Clinical Trial in patients with mild to moderate AD [70]. We have shown that some
tertiary amides, selected by a drug screening process, block Aβ interaction with RAGE on
RAGE-transfected Chinese Hamster Ovary cells which prevents oxidative stress [71]. In a
mouse model of AD, these tertiary amides block Aβ transport into brain across the BBB, reduce
brain Aβ burden and oxidative stress, and improve functional changes in CBF and performance
in behavioral tests [71,72]. By extension, these new compounds could be developed as potential
new therapies for AD and other RAGE-related disorders.

Deane et al. Page 3

CNS Neurol Disord Drug Targets. Author manuscript; available in PMC 2010 May 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ii. LRP1: Transport of Aβ from brain across the BBB
LRP1, a multifunctional scavenger and signaling receptor, is a member of the LDL receptor
family [73,74]. It plays a major role in the transport and metabolism of cholesterol associated
with apoE-containing lipoproteins. LRP1 is synthesized as a single polypeptide precursor (600
kDa) that is processed into α and β chains [75]. The heavy α-chain of LRP1 (515 kDa), the
extracellular domain, is noncovalently coupled to the 85 kDa transmembrane and cytoplasmic
light β-chain domain. The α-chain contains four ligand-binding domains (clusters I-IV),
consisting of 2, 8, 10, and 11 cysteine-rich complement-type repeats, respectively [76,77].
LRP1 binds a diverse array (~ 40) of unrelated ligands, such as, apoE, α2M, tissue plasminogen
activator (tPA), proteinase-inhibitors, blood coagulation factors (factor VIII) and Aβ [26,73].
Clusters II and IV are the main ligand binding regions [44,49]. LRP1 mediates transcytosis of
Aβ and tPA across the BBB [25,26,78].

The cytoplasmic tail contains two NPXY, one YXXL motifs and two di-leucine motifs [79].
The YXXL motif and distal di-leucine repeat may be associated with the rapid LRP1
endocytotic rate (<0.5 seconds) [22,26,79]. In addition, the cytoplasmic domain interacts with
adaptor proteins, such as disabled-1, FE65 and PSD-95, associated with cell signaling [80,
81]. The cytoplasmic tail can be phosphorylated on serine and tyrosine [82,83]. Thus, LRP1
has dual roles as a rapid cargo transporter and transmembrane cell signaling receptor.

LRP1 has been linked to AD and CAA [23,84-87], although some studies did not confirm the
genetic link [88]. LRP1 and its ligands have been detected in senile plaque [89,90]. LRP1
influences the processing of APP via interaction of their cytoplasmic C-terminal domains,
which requires FE67, an adaptor protein [91]. Recently, it was shown that intracellular
interaction between LRP1 and APP also occurs early in the secretory process and that this
requires the C-terminal of LRP1 [92]. LRP1 expressed in neurons may regulate Aβ cellular
uptake within brain via LRP1 ligands α2M and apoE [41,93,94]. However, LRP1 expression
on neurons might not mediate Aβ clearance in vivo since soluble brain Aβ levels were increased
in APP mice overexpressing functional LRP1 mini-receptors on neurons [95,96].

LRP1 expression in brain capillary endothelium is reduced during normal aging in rodents,
non-human primates, and in AD [25,26,29,97]. Since LRP1 is the main receptor for Aβ
transport across the BBB in the direction of brain to blood, it’s down regulation in brain
endothelium in AD and in patients with the Dutch-type of cerebrovascular β-amyloidosis will
reduce Aβ clearance and promote Aβ cerebrovasccular and brain focal accumulations. Binding
of Aβ to LRP1 at the abluminal side of the BBB in vivo initiates a rapid Aβ clearance via
transcytosis across the BBB into blood in mice and rats [21,25,26,42,44,98]. Human Aβ
injected into different brain regions was found intact in murine plasma, confirming its vascular
clearance [44,99]. This demonstrates rapid transcytosis of intact monomeric Aβ across the
BBB, from brain ISF into blood.

The affinity of Aβ40 for LRP1 is less than that of Aβ peptides with a greater β-sheet content,
such as Aβ42 and the vasculotropic mutant Dutch/Iowa (DI) Aβ40 [26]. Consequently,
compared to Aβ40, the Aβ peptides with higher β-sheet content are cleared less efficiently
from brain. Similarly, the mutant Dutch Aβ, containing a Glu to Gln substitution on Aβ, is also
cleared less efficiently from CSF to blood [100]. This may explain why the transgenic Tg DI/
Swe mice (Dutch, Iowa and Swedish mutations, Thy-1 APP DI/Swe mice) develop robust
Aβ brain accumulation much earlier than Tg2576 Aβ-overproducing mice despite extremely
low levels of human APP in brain and low Aβ production from neurons [26,101]. Thus, faulty
vascular Aβ clearance may significantly contribute to Aβ accumulation in brain and to AD
pathogenesis.
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We have shown that both recombinant LRP-II and LRP-IV avidly bind free Aβ40 and Aβ42
in vitro by surface plasmon resonance analysis [26] and by ELISA using the N-terminal specific
anti-Aβ antibody [42,44]. However, the C-terminal specific antibodies, (BA27, Takeda
Pharmaceutical Co., Ltd.) did not detect Aβ bound to immobilized LRP-IV (Figure 2B), as
reported [102]. RAP completely displaces Aβ40 binding to immobilized LRP-IV cluster
(Figure 2B), as reported [102], but does not interact with Aβ (Figure 2C). RAP, an intracellular
ER (endoplasmic reticulum) molecular chaperone for the LDL receptor family, binds to LRP1
with high affinity, and not only prevents premature ligand binding to intracellular LRP1 but
also is required for proper LRP1 folding [103]. Since the N-terminal specific, but not C-
terminal specific, anti-Aβ antibody detected Aβ bound to LRP-IV it is conceivable that the C-
terminal sequence of Aβ binds to LRP-IV.

In vitro studies, using an epithelial monolyear transport model, Madin-Darby Canine Kidney
(MDCK) cells, transfected with LRP1 mini-receptor containing cluster IV (mLRP4) on the
basolateral membrane, confirms LRP1 Aβ endocytosis at the abluminal side of the BBB which
is then followed by Aβ degradation [104]. In contrast to in vivo data showing a role of P-
glycoprotein (Pg-P) in the clearance of Aβ from brain [97], Pg-P was not involved in Aβ
transport across the MDCK monolayer [104]. It is possible that the MDCK monolayers may
lack the unique properties of brain endothelial monolayers which might account for lack of
Aβ transcytosis. It is also possible that the Aβ degradation observed in MDCK monolayers
over longer periods of time is compatible with systemic clearance of Aβ via kidneys [42 ].
Recently, it has been confirmed that a conditional immortalized endothelial cell line from rat
brain (TR-BBB cell) binds and rapidly internalizes free Aβ via LRP1 [102].

Other lipoprotein receptors, such as low-density lipoprotein receptor and VLDLR appear to
have no major role in transport of free monomeric Aβ across the BBB, into blood [26], but
their role in transporting Aβ bound to its chaperone proteins, apoE and apoJ, are becoming
clearer [21,44]. Aβ clearance may be influenced by apoE , apoJ and α2M, known ligands for
LRP, but formation of Aβ complexes with either of those ligands has not been shown in the
CNS in vivo during relatively rapid clearance studies [25,26]. ApoE and Aβ/apoE complexes
are slowly cleared from brain compared to Aβ [21,46].

Vascular-restricted genes in the control of LRP1 expression in cerebral
vessels

Transcription profiling of human brain endothelial cells indicated that a subset of age-
independent genes is altered in AD compared to age-matched controls [105]. Expression of
mesenchyme homebox gene 2 (MEOX2) also known as growth arrest-specific homeobox
(GAX), which is restricted to the cardiovascular system in adults, is greatly reduced at the BBB
in AD compared to age-matched controls, and this is associated with downregulation of LRP1
and Aβ brain accumulation, cerebral hypoperfusion and aberrant angiogenesis and vascular
remodeling [105]. In vascular smooth muscle cells (VSMC) from small cerebral arteries serum
response factor (SRF) and myocardin (MYOCD), two interrelated transcription factors that
control VSMC differentiation, are upregulated in AD. This produces a hypercontractile
phenotype in small cerebral arteries through SRF/MYOCD-directed expression of genes
regulating several contractile proteins and genes that regulate calcium homeostasis and are
involved in the regulation of smooth muscles contraction that reduces CBF [106]. Recently, it
was shown that SRF/MYOCD overexpression in VSMC transcriptionally downregulates LRP1
through SRF/MYOCD-directed expression of sterol regulatory element binding protein-2
(SREBP2), which in turn reduces the cell surface LRP1 expression and Aβ clearance by VSMC
in AD, as well as the degree of CAA and focal parenchymal brain Aβ accumulations in mouse
models of AD and AD patients [22]. These two genes, MEOX2 and SRF/MYOCD and/or their
protein products are potential targets for therapeutic development for AD and CAA.
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Systemic Aβ clearance
Aβ systemic clearance is reduced with age in squirrel monkeys, and this is associated with
enhanced Aβ deposition in brain [52,54]. Age-dependent reduction in systemic Aβ clearance
may reduce the ‘sink action’ for Aβ clearance from brain and/or increase RAGE-dependent
free Aβ transport across the BBB into the brain. The rapid peripheral clearance of Aβ is
mediated mainly by hepatic LRP1, and this is blocked by RAP [107]. Reduced hepatic LRP1
levels are associated with decreased peripheral Aβ clearance in aged rats [107]. Insulin
increases LRP1 levels in hepatic plasma membrane, and this in turn enhances peripheral Aβ
clearance, which is completely blocked by RAP [108]. While the role of insulin in type II
diabetes mellitus related vascular dementia is still unclear, it is possible that faulty LRP1-
mediated hepatic Aβ clearance may contribute to Aβ accumulation in brain.

Transport of Aβ across the BBB during Aβ immunotherapy
The role of immunotherapy in AD has been extensively reviewed recently [109,110]. Since
the accumulation of Aβ is generally believed to play a causative role in AD, a number of
therapies are being developed to reduce formation or increase clearance of Aβ from brain
[111]. Immunotherapy, active and/or passive, has been shown to be effective in reducing brain
Aβ burden in mouse models of AD [112-120], normal aged dogs [121] and monkeys [122,
123]. In contrast to mouse models of AD, in the aged dogs there was no significant improvement
in cognitive function after Aβ immunization [121]. While Aβ immunization has been shown
to have a number of beneficial effects in models of AD, there may be some unwanted side
effects, such as increased CAA, increased T lymphocytes infiltration in brain and
leucoencephalopathy [110]. In addition, some anti-Aβ antibodies may exacerbate CAA-
associated microhemorrhage [124,125]. In AD patients, even though clinical trials with Aβ
immunotherapy were terminated due to neuroinflammation in about 6% of subjects, there were
encouraging data regarding possible reductions in brain Aβ levels [126].

In addition to the role of microglia in Aβ clearance, the BBB mechanisms by which anti-Aβ
clears brain Aβ fall into two categories: peripheral Aβ ‘sink action’ and central action.
Sequestration of plasma Aβ by some anti-Aβ antibodies may enhance the endogenous ‘sink
action’ of sLRP1 which in turn could alters Aβ transport dynamics across the BBB
[127-129]. Also, the formation of anti-Aβ antibody/Aβ immune complexes in plasma reduces
free Aβ transport into brain via RAGE [24,129]. The peripheral ‘sink action’ can also be
enhanced by other Aβ-binding agents, such as gelsolin, MG1 (a ganglioside) [130] or
recombinant LRP1 clusters [42], all of which have been shown to reduce brain Aβ burden in
a mouse model of AD. Recombinant LRP-IV cluster can effectively sequester plasma Aβ40
and Aβ42 present in human AD patient plasma and in plasma of a mouse model of AD [42].

Clearance of Aβ may also depend on the entry of some anti-Aβ antibodies (IgG) into the brain.
IgGs with a pK close to 7.4 are transported into the brain from the cerebral circulation by a
saturable mechanism across the BBB [61]. In addition, they can enter the brain by passive
diffusion at sites deficient in BBB [131-133]. Within brain, anti-Aβ antibodies may disrupt the
formation of Aβ aggregates and solubilize Aβ deposits. The anti-Aβ antibody/Aβ immune
complexes may be cleared by Fc-dependent activation of microglia followed by phagocytosis
of Aβ deposits [120,134,135] and Fc-independent mechanisms [115,136]. In addition, anti-
Aβ antibody/Aβ immune complexes are rapidly transported across the BBB via neonatal Fc
receptor for IgG (FcRn) that is present in the adult brain endothelium [129,137,138] (Figure
1). Although, the mechanism of FcRn-dependent transcytosis of IgG is unclear, it has been
suggested that FcRn mediates Aβ transcytosis across the BBB after anti-Aβ antibody/Aβ
immune complexes are internalized at the abluminal surface of the brain endothelium [129,
138] (Figure 1).
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In Tg-SwDI mice, a AD mouse model that exhibits early and robust cerebrovascular deposits
due to reduced cerebrovascular LRP1 levels related to the low affinity of the DI-Aβ for LRP1
[26,101], Aβ immunization had no effect on parenchymal or vascular Aβ deposits [139].
However, injection of purified anti-Aβ antibodies from plasma of immunized mice into the
hippocampus rapidly cleared diffused Aβ, as reported [140], but not vascular amyloid deposits
[139]. These results may suggest that while some anti-Aβ antibodies clear brain Aβ, their
effecacy is determined by the levels of anti-Aβ antibody in brain ISF at the site of Aβ deposits,
and by the levels of cell surface LRP1 at the BBB.

Conclusion
RAGE and LRP1 on the BBB and sLRP1 in plasma play a key role in controlling brain ISF
Aβ concentration. In plasma, sLRP1 sequesters Aβ and maintains the peripheral ‘sink’ action
which maintains continuous Aβ clearance from brain. The C-terminal sequence of Aβ interacts
with sLRP1 and LRP-IV cluster. In AD, RAGE levels at the BBB are increased and LRP1
levels at the BBB and the capacity of sLRP1 binding of peripheral Aβ are reduced, favoring
Aβ accumulation in the brain. Thus, therapies focused on upregulation of the cell surface LRP1
levels, reducing RAGE activity on brain endothelial cells and/or restoring the peripheral Aβ
‘sink’ action by replacement of sLRP1 in plasma, as for example with recombinant high affinity
Aβ binding LRP1 clusters or some anti-Aβ antibodies, represent promising approaches to
control brain Aβ levels and the associated pathology by targeting transport processes at the
BBB.
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Figure 1. Schematic diagram showing the blood and brain compartments, and the roles of the cell
surface receptors LRP1 and RAGE, and FcRn and soluble LRP (sLRP) in the regulation of Aβ
transport across the blood-brain barrier (BBB)
See text for details. RAGE (receptor for advanced glycation end products), LRP1 (low-density
lipoprotein receptor related protein 1), FcRn (neonatal fragment crystalline (Fc) receptor) and
TJ (tight junctions between cerebrovascular endothelial cells).
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Figure 2. Aβ binds to human plasma derived sLRP and human recombinant LRP-IV cluster but
not to RAP using ELISA
Briefly, 10 μg/ml human sLRP, recombinant LRP-IV or RAP were coated on microtiter plates
and blocked with protein-free blocking buffer (Pierce 37570). For sLRP and LRP-IV, 100 nM
Aβ40 was added and incubated in HBSC, pH 7.4, for 2 hours at room temperature. For RAP,
various Aβ40 concentrations (0, 1, 40, 1 and 100 nM) were used. After washing with HBSC
containing 0.05% Tween-20, the N-terminal specific (Cell Signaling Cat # 2454, 1μg/ml) or
C-terminal specific (BA27, WAKO ELISA kit) primary antibodies were added and incubated
overnight. The secondary antibody for the N-terminal anti-Aβ antibody was goat anti-rabbit
(Dako; 1:2000), while the C-terminal specific primary antibody was already HRP-conjugated.
The reaction was developed with 3,3′5,5′ tetramethlbenzidine (TMB; KPL,Gaithersburg, MD)
and stopped with 1M HCl. Absorbance was read at 450 nm. Aβ bound to immobilized human
plasma derived sLRP (A) or immobilized recombinant human LRP-IV cluster (B) in the
absence or presence of RAP (1 μM) was detected using an N-terminal specific (white bars) or
a C-terminal specific (black bar) anti-Aβ antibody (αAβ). C, No significant binding of
monomeric Aβ40 to RAP was detected using the N-terminal specific anti-Aβ antibody. In A-
C, values are mean + standard error of the mean, n=3 for each group. Pairs of groups were
statistically analyzed using students t-test. These are previously unpublished data from the
Zlokovic laboratory.
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