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We have identified a novel low-density lipoprotein (LDL) receptor family member, termed LDL receptor class A domain containing 3
(LRAD3), which is expressed in neurons. The LRAD3 gene encodes an �50 kDa type I transmembrane receptor with an ectodomain
containing three LDLa repeats, a transmembrane domain, and a cytoplasmic domain containing a conserved dileucine internalization
motif and two polyproline motifs with potential to interact with WW-domain-containing proteins. Immunohistochemical analysis of
mouse brain reveals LRAD3 expression in the cortex and hippocampus. In the mouse hippocampal-derived cell line HT22, LRAD3
partially colocalizes with amyloid precursor protein (APP) and interacts with APP as revealed by coimmunoprecipitation experiments.
To identify the portion of APP that interacts with LRAD3, we used solid-phase binding assays that demonstrated that LRAD3 failed to
bind to a soluble APP fragment (sAPP�) released after �-secretase cleavage. In contrast, C99, the �-secretase product that remains cell
associated, coprecipitated with LRAD3, confirming that regions within this portion of APP are important for associating with LRAD3. The
association of LRAD3 with APP increases the amyloidogenic pathway of APP processing, resulting in a decrease in sAPP� production and
increased A� peptide production. Pulse-chase experiments confirm that LRAD3 expression significantly decreases the cellular half-life of
mature APP. These results reveal that LRAD3 influences APP processing and raises the possibility that LRAD3 alters APP function in
neurons, including its downstream signaling.

Introduction
The low-density lipoprotein (LDL) receptor family contains
seven structurally related family members that include the LDL
receptor (LDLR), the very-low-density lipoprotein receptor,
apolipoprotein E (apoE) receptor 2, multiple epidermal growth
factor-like domains 7, glycoprotein 330 (gp330/megalin/LRP2),
the LDL receptor-related protein (LRP) 1, and LRP1B (Willnow
et al., 1999; Herz and Strickland, 2001). This receptor family also
includes additional members that are more distantly related, such
as LRP5, LRP6, and SorLa/LRP11. The prototypic member of this
receptor family is the LDL receptor, which has a cytoplasmic domain
containing an NPXY internalization sequence, a transmembrane
domain, an O-linked sugar domain, epidermal growth factor-like

repeats, a �-propeller domain, and a cluster of cysteine-rich LDL
receptor type A (LDLa) repeats that are responsible for binding the
ligands (Yamamoto et al., 1984).

Several LDLR family members are expressed in the brain
where they contribute to important physiological processes. One
of the abundant neuronal receptors is LRP1, which has been
found to regulate cholesterol homeostasis in neurons (Liu et al.,
2007) and to regulate the integrity of the blood– brain barrier
(Yepes et al., 2003). LRP1 was discovered to bind to the amyloid
precursor protein (APP) (Kounnas et al., 1995; Knauer et al.,
1996; Kinoshita et al., 2001), a transmembrane protein that is
proteolytically processed to generate the �-amyloid (A�) peptide
that is a major component of plaques in Alzheimer’s patients. The
association of LRP with APP alters its cellular trafficking, result-
ing in an increase in the production of the A� peptide (Ulery et
al., 2000; Pietrzik et al., 2002, 2004), and thus LRP1 has been
implicated in the pathology of Alzheimer’s disease. Since the
original discovery of the A� peptide and establishment of the
hypothesis that this peptide induces the development of Alzhei-
mer’s disease (Hardy and Selkoe, 2002), studies have focused on
mechanisms associated with modulating APP processing with a
goal of influencing A� production and possibly impacting the
progression of Alzheimer’s disease.
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To investigate whether additional LDLR family members exist
that have the potential to impact APP processing, we screened the
human EST database for novel LDLR-related genes expressed in
the brain and identified an uncharacterized LDLR family mem-
ber that is expressed in microvascular endothelial cells and in
neurons. The receptor, termed low-density-lipoprotein receptor
class A domain containing 3 (LRAD3) (Otsuki et al., 2005), con-
tains an extracellular region composed of three LDLa ligand
binding repeats, a transmembrane domain, and a large cytoplas-
mic domain. Our results reveal that LRAD3 associates with APP
and modifies its cellular trafficking, resulting in significant in-
creases in A� production.

Materials and Methods
Identification and cloning of LRAD3 cDNA. A human EST cDNA clone
(358576) was obtained from Genome Systems, which contained signifi-
cant homology to the human LRP cDNA. EcoRI digestion of the plasmid
revealed a 752 bp insert that was completely sequenced. A Lambda Zap II
random primed human umbilical vein endothelial cells (HUVECs)
cDNA library (generously provided by James Battey, NIH, Bethesda,
MD) was then screened with the insert that was radiolabeled using a
random primer labeling kit (Boehringer Mannheim) and [ 32P]dCTP
(GE Healthcare) that identified four positive clones. These four clones
were rescued using the ExAssist Interference-Resistant Helper Phage
(Stratagene). pBluescript colonies containing the clone of interest were
recovered and partially sequenced, confirming their identity to EST clone
358576. Two of these clones were found to contain the entire coding
sequence of LRAD3 and were completely sequenced on both strands. The
deduced amino acid sequence of LRAD3 from several species were
aligned using Clustal W 2.1 (Larkin et al., 2007).

Cell lines, proteins, antibodies, and expression constructs. COS-1 cells
were obtained from American Type Culture Collection. LRP1-deficient
Chinese hamster ovary cell lines (CHO 13–5-1) have been described
(FitzGerald et al., 1995). HT22, a mouse hippocampal neuron-derived
cell line, was a kind gift from D. Schubert (Salk Institute, La Jolla, CA).
These cells were maintained in DMEM supplemented with 10% fetal
bovine serum (FBS) and penicillin/streptomycin. To prepare soluble
forms of LRAD3, the LRAD3 ectodomain cDNA sequence encoding
amino acids 18 –161 was cloned into pMT/BiP/V5–His B and expressed
using the Drosophila expression system K5130-1 (Invitrogen). Soluble
LRAD3 was purified from conditioned media obtained from S2 insect
cells transfected with LRAD3 according to the instructions of the manu-
facturer. Rabbit polyclonal antibodies (Rb585) were raised against solu-
ble LRAD3 and were purified by affinity chromatography using protein
G–Sepharose and LRAD3–Sepharose. Cells producing anti-myc anti-
body 9E10 were obtained from American Type Culture Collection, and
IgG was purified using protein–G Sepharose. Rabbit anti-LRP1 polyclonal
antibody R2629 has been described (Newton et al., 2005). Anti-APP mono-
clonal antibodies were purchased from various manufacturers: LN27
(Zymed), 6E10 (Signet), and Jonas (Roche). Human full-length APP695 and
APP751 in pHD vector have been described (Ulery et al., 2000). The insert
from one of our clones containing full-length LRAD3 was purified after
EcoRI digestion and ligated into pcDNA3.1(�) (Invitrogen) (pcDNA–L-
RAD3). An additional cDNA vector was generated by cloning full-length
LRAD3 into pSecTagB (Invitrogen) using the BamHi/HindIII cloning sites
with myc tag located at the N terminus of LRAD3 (pSecLRAD3–Nmyc).

Primary cortical neurons were isolated from E15 CD1 mouse embryos as
described (Bacskai et al., 2000). Cortices were triturated with a pipette, and
the resulting single-cell suspension was plated onto coverslips coated with
poly-L-lysine (0.1 mg/ml; Sigma-Aldrich) in 24-well plates and incubated in
Neurobasal medium (NBM) (Invitrogen) supplemented with B27 nutrients
and 10% FBS (Thermo Fisher Scientific) and penicillin/streptomycin at
37°C for 1 h. After washing, the medium was switched to serum-free NBM
supplemented with B27 nutrients. Neuronal cultures were grown at 37°C,
and half of the medium in each well was replaced with new NBM/B27 media
every 3 d according to the protocol of the manufacturer.

Flow cytometry. HT22 cells were grown to 80% confluence and har-
vested using a nonenzymatic cell dissociation solution. For cell surface

staining, cell pellets (10 6 cells) were washed in PBS and incubated in
FACS buffer [HBSS containing 0.5% bovine serum albumin (BSA)] for
15 min at 4°C, followed by incubation with affinity-purified Rb585 anti-
LRAD3 IgG in FACS buffer (4 �g/ml) for 45 min on ice. Non-immune
IgG was used as a negative control. After washing the cells twice with
FACS buffer, the cell pellets were resuspended in FACS buffer containing
FITC goat anti-rabbit IgG (1:100) for 45 min. Samples were washed and
resuspended in FACS buffer plus propidium iodide (5 �g/ml). Cell stain-
ing was measured by flow cytometry using a FACSCalibur with gating on
the propidium-iodide-negative cells. For intracellular staining, the cells
were fixed in 2% formaldehyde for 15 min on ice and then permeabilized
with 0.1% Triton X-100 in PBS–FACS buffer (PBS with 0.1% BSA) for 10
min. After blocking the nonspecific binding with 1% goat serum in Tri-
ton X-100 containing PBS, cells were stained with anti-LRAD3 IgG and
FITC– goat anti-rabbit IgG as mentioned above but in PBS containing
0.1% Triton X-1000 and 0.1% goat serum. The cell staining was mea-
sured using a FACSCalibur instrument.

RNA isolation and Northern blot hybridization. RNA was isolated from
the indicated cell types, and Northern blot hybridization was con-
ducted as described (Ho et al., 2004). A Northern blot containing 2 �g
of poly(A �) RNA isolated from several human tissues was purchased
from Clontech. This blot was probed with the LRAD3 EST using the
ExpressHyb system (Clontech) according to the instructions of the
manufacturer.

Cell surface antibody binding and internalization. Cell surface binding,
internalization, and degradation experiments were performed as de-
scribed previously (Mikhailenko et al., 1995). COS-1 cells in 12-well
tissue culture plates were transiently transfected with the pSecLRAD3–
Nmyc or the pSecTag plasmids using Fugene 6 (Roche), and internaliza-
tion experiments were performed at 37°C 40 h after transfection using 12
nM

125I-labeled 9E10 antibody in the presence or absence of 500 nM

unlabeled 9E10.
Measurement of the endocytic rate constant. COS-1 cells were tran-

siently transfected with Nmyc LRP� (the LRP light chain) or Nmyc
LRAD3. The endocytic rate constant was measured by internalized/sur-
face analysis as described by Wiley and Cunningam (1982) essentially as
described previously (Ranganathan et al., 2004). Briefly, transfected cells
were incubated with 125I-labeled 9E10 (anti-myc monoclonal) for the
indicated times. Radioactivity associated with the supernatant (protei-
nase K released cell surface [ 125I]9E10) and cell pellet (internalized
[ 125I]9E10) was quantified. The endocytic rate, ke, was calculated from
the slope of the internalized/bound versus time plot.

Immunohistochemistry. Paraffin-embedded mouse brain slices from
male C57BL/6J mice were deparaffinized and immersed in methanol
containing 0.3% H2O2 for 30 min to exhaust endogenous peroxidase
activity. The sections were then preincubated with 10% normal goat
serum and 1% BSA (Sigma-Aldrich) in Dulbecco’s PBS (DPBS) (Invit-
rogen) for 20 min, followed by incubation with affinity-purified rabbit
anti-LRAD3 IgG (Rb585) for 1 h. The sections were again washed in PBS
and incubated with horseradish peroxidase-conjugated anti-rabbit IgG
(Vectastain; Vector Laboratories), followed by another PBS wash and
developed with chromogen-33-diaminobenzidine tetrahydrochloride
(Sigma-Aldrich) for 5 min. Finally, the sections were briefly stained with
hematoxylin to stain the nucleus. After mounting the coverslip, the sec-
tions were digitally scanned with Scan-Scope (Aperio).

Immunofluorescence microscopy. COS-1 cells were grown on glass cov-
erslips and transfected with pSecLRAD3Nmyc using FuGENE6 transfec-
tion reagent (Roche). After 24 h, the cells were washed with PBS and fixed
as described (Lee et al., 2006). The fixed cells either were permeabilized
with 0.4% Triton X-100 for 5 min or were not permeabilized. After
incubation with anti-LRP (25 �g/ml) antibody or anti-myc antibody (15
�g/ml) in 2% donkey serum, the coverslips were washed with PBS and
incubated with secondary antibody for 1 h at 37°C. TO-PRO3 (1:500
dilution; Invitrogen) was included in the secondary antibody mixture for
nuclear staining. For the HT22 cell lines, cells were grown on coverslips,
fixed, permeabilized, and stained with Rb585 IgG and LN27 mouse
monoclonal anti-APP IgG. After washing, the coverslips were mounted
onto glass slides using FluorSave Reagent (Calbiochem) and viewed with
the laser scanning system Radiance 2100 (Carl Zeiss/Bio-Rad). The im-
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ages were captured using the Radiance 2100
software and prepared for publication using
Adobe Photoshop software (Adobe Systems).

Expression and purification of soluble APP�.
COS-1 cells were transiently transfected with
Myc-tagged soluble APP695� and APP751�
plasmids. At 24 h after transfection, cells were
placed in serum-free medium, and the serum-
free conditioned medium was collected after
30 h. Soluble APP� from the serum-free con-
dition medium was purified using fast protein
liquid chromatography using a Mono-Q col-
umn (Sepharose). A soluble APP fragment
(sAPP�) was eluted with 20 mM Tris, pH 7.5,
and NaCl (0 –1 M linear gradient).

Solid-phase binding assay. Purified sAPP�–
myc was coated on 96-well flat-bottom micro-
titer plates in Tris-buffered saline (TBS) (50
mm Tris and 150 mm NaCl) with 2 mm CaCl2
overnight at 4°C and blocked with 1% BSA in
TBS and 2 mm CaCl2 for 1 h at room temper-
ature. The wells were then incubated with
increasing concentrations of purified recombi-
nant soluble LRAD3 and anti-myc mouse
monoclonal IgG 9E10 in TBS, 2 mm CaCl2,
and 0.05% Tween 20 overnight at 4°C. Bound
LRAD3 was detected with Rb585 IgG (0.5 �g/
ml) and horseradish peroxidase-conjugated
goat anti-rabbit IgG antibody, and bound 9E10
was detected using horseradish peroxidase-
conjugated goat anti-mouse IgG antibody.
Wells were developed using tetramethylbenzi-
dine peroxidase substrate (KPL), and absor-
bance was measured at 590 nm.

Coimmunoprecipitation and immunoblot
analysis. HT22 cells and mouse brain tissue was
lysed in lysis buffer (50 mM Tris, pH 7.4, 150 mM

NaCl, and 1% Nonidet P-40) containing protease
(Roche Applied Science) and phosphatase inhib-
itors (EMD Biosciences). The immunoprecipita-
tion was performed as described (Ranganathan et
al., 2004) using Rb585 IgG. Cell lysates were pre-
pared as described above, and, after immunopre-
cipitation, samples were separated by 4–20%
SDS-PAGE and transferred to nitrocellulose
membranes for immunoblot analysis as de-
scribed (Ranganathan et al., 2004). The bands
were visualized with Biomax Light film (Eastman
Kodak). For visualizing total LRAD3 expressed,
the membranes were stripped using a reblot
Western blot recycling kit (Millipore Bioscience
Research Reagents) and probed with [125I]Rb585 anti-LRAD3 antibodies (1
�g/ml).

A� ELISA. LRP-null CHO 13-5-1 cells were transiently transfected
with human APP695 or APP751 with or without pcDNA–LRAD3 ex-
pression vector. At 24 h after transfection, the cells were cultured in
serum-free medium, and, 24 –30 h later, the conditioned medium was
collected for measuring A� and soluble APP�. A� levels were measured
using the human �-amyloid 1– 40 kit (Biosource) according to the in-
structions of the manufacturer, and the levels were normalized to total
cellular protein. Three independent experiments, each performed in
duplicate, were conducted. Cell extracts were blotted for LRAD3 and APP
(anti-APP mouse monoclonal antibody 6E10) and GAPDH (rabbit anti-
GAPDH monoclonal IgG from Cell Signaling Technology), and condi-
tioned media samples were concentrated 100-fold using Strataclean
resin (Stratagene) and blotted for sAPP� using 6E10 antibody. All blots
were probed with Li-Cor secondary antibodies and scanned and analyzed
using Odyssey imaging software (Li-Cor). The bands were quantified
using the same software.

Pulse-chase experiments. HEK 293 cells were stable transfected with
LRAD3. The LRAD3-expressing cells or control HEK 293 cells were tran-
siently transfected with APP695myc and then incubated in methionine
and cysteine-free DMEM containing 300 �Ci/ml [ 35S]methionine/cys-
teine for 1 h. Cells were lysed immediately (time 0) or chased for 1, 2, 3.5,
and 5 h. To determine the turnover of APP, APP was immunoprecipi-
tated with mouse monoclonal anti-myc IgG 9E10. The immunoprecipi-
tates were separated on 4 –12% SDS-PAGE and exposed to x-ray film.
Band intensities were measured using NIH Image software.

Statistical analysis. The Student’s t test was used to analyze for significance
between two groups, with p � 0.05 considered as statistically significant.

Results
Deduced amino acid sequence of LRAD3
The LRAD3 gene, which is located on chromosome 11 (location:
11p13), encodes a protein of 345 aa (Fig. 1A). Cleavage by signal
peptidase is predicted to occur after serine-17 (Bendtsen et al.,
2004), resulting in a 328 aa mature protein with a calculated

Figure 1. Amino acid sequence and domain organization of LRAD3. A, Deduced amino acid sequence of human LRAD3. Amino
acids are numbered from the initiation methionine residue. The putative signal sequence is underlined with a solid line, and the 23
residue transmembrane domain is underlined with a dashed line. The three LDLa ligand binding repeats are boxed. N-linked
glycosylation motifs are shown (*). B, Membrane protein topology prediction for LRAD3 using the TMHMM showing regions of
LRAD3 predicted to be outside the cell (dashed-dotted line), regions inside the cell (dotted line), and the transmembrane region
(solid line). C, Domain organization of LRAD3. The ectodomain contains a signal peptide along with three LDLa repeats. The
cytoplasmic domain contains a conserved dileucine motif (LL) that may function as an endocytic or targeting sequence, along with
two polyproline regions (PPxY), which are consensus WW domain and SH3 domain binding motifs. D, Comparison of LRAD3 LDLa
repeats with the LDL receptor consensus sequence. The consensus amino acid F/W and three D residues identify amino acids that
form an acidic pocket that interact with basic residues on LDLR ligands. Conserved amino acids are boxed.
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molecular mass of 36 kDa, excluding any contribution of carbo-
hydrates. We used the transmembrane hidden Markov model
(TMHMM) (Krogh et al., 2001), which revealed that LRAD3 is
also predicted to contain a transmembrane domain beginning at
isoleucine 172 and extending to leucine 194 (Fig. 1B). The pres-
ence of a signal peptide and a transmembrane domain reveals
that LRAD3 is a type 1 transmembrane protein with an extracel-
lular N terminus and a cytoplasmic C terminus. The extracellular
region of LRAD3 contains three LDLa repeats common to the
LDL receptor family as well as two consensus sites for N-linked
glycosylation (Fig. 1A). None of the LDLa repeats of LRAD3
contains all of the necessary acidic amino acids that are required
for generating an acidic pocket capable of docking lysine side
chains that protrude from certain LDL receptor family member
ligands, such as the receptor associated protein (RAP) (Fisher et
al., 2006) (Fig. 1 D), suggesting that potential ligands are likely
to be distinct from those that interact with the LDL receptor or
LRP1.

The cytoplasmic domain of LRAD3 consists of 151 aa, and,
unlike most other members of the LDL receptor family, LRAD3
does not contain NPXY internalization sequences but instead
contains a conserved dileucine motif that, when present on other
receptors, has been shown to mediate endocytosis (Haft et al.,
1994; Hamer et al., 1997). There are four putative phosphoryla-
tion sites and two proline-rich stretches within the cytoplasmic
domain, which have been implicated in mediating protein–pro-
tein interactions (Cohen et al., 1995). LRAD3 is highly conserved
among various species (Fig. 2).

LRAD3 is capable of mediating the internalization of ligands
To determine whether LRAD3 localizes to the cell surface and has
the potential to mediate the internalization of ligands, COS-1
cells were transiently transfected with pSectagLRAD3–Nmyc and
then examined by immunofluorescence using anti-myc IgG.
Nonpermeabilized cells displayed a prominent cell surface stain-
ing for LRAD3 (Fig. 3B). In the same cells, we used an anti-LRP
IgG to detect endogenous LRP1, which revealed a more diffuse
staining typical of this receptor (Fig. 3A). When the cells were
permeabilized, we detected staining of LRAD3 (Fig. 3E) that
overlapped with LRP1 staining (Fig. 3F). These studies reveal
that, in transfected COS-1 cells, LRAD3 is delivered to the cell
surface. Immunoblotting experiments confirmed that the anti-
LRAD3 antibody is specific for LRAD3 and does not cross-react
with LRP1 (Fig. 3G).

To determine whether LRAD3 can undergo endocytosis,
COS-1 cells transfected with either LRAD3–Nmyc plasmid or
empty vector were incubated with [ 125I]9E10, an antibody that
selectively recognizes the myc tag fused to the N terminus of
LRAD3. After transfection, the time course of surface binding or
internalization of the iodinated antibody was measured. The re-
sults of this experiment indicate that LRAD3–Nmyc-transfected
COS-1 cells bound [ 125I]labeled 9E10 and internalized this anti-
body, whereas COS-1 cells transfected with vector alone failed to
bind or internalize [ 125I]9E10 (Fig. 3H, I). These results confirm
that LRAD3 is delivered to the cell surface and further reveal that
LRAD3 is capable of mediating the internalization of ligands. In
this and other experiments, no lysosomal-mediated degradation

Figure 2. Alignment of human LRAD3 amino acid sequence with orthologs from other species. The amino acid sequence of LRAD3 from various species were aligned using Clustal W 2.1, and the
extent of identity was determined: rat, 96%; mouse, 96%; chicken, 81%; frog, 76%; zebrafish, 55%. * denotes residues that are identical; colons denote residues that represent a conserved
substitution; periods denote residues that represent a semiconserved substitution. SP, Signal peptide; LDLa1, LDLa2, LDLa3, ligand binding repeats; TM, transmembrane domain; LL, dileucine
repeat; PP-1, polyproline repeat 1; PP-2, polyproline repeat 2.
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of the labeled 9E10 IgG was noted, even
after incubations for up to 12 h.

To compare the rates of LRAD3 inter-
nalization with that of LRP1, we measured
the endocytic rate constant for myc–
LRAD3 and the LRP1 mini-receptor,
myc–LRP1-�, using 125I-labled 9E10 as
the ligand for both receptors. Previous
studies have demonstrated that LRP1
mini-receptors function like LRP1 to in-
ternalize ligands and represent good mod-
els for LRP1-mediated endocytosis
(Willnow et al., 1994; Mikhailenko et al.,
2001). The results (Fig. 3J) reveal that
LRP1-� has a significantly higher endo-
cytic rate constant (ke � 0.0308 min�1)
than that of LRAD3 (ke � 0.0038 min�1).
Thus, LRAD3 internalizes ligands at a rate
that is approximately eightfold slower
than LRP1-�.

RAP was discovered when LRP1 was
purified by ligand affinity chromatogra-
phy (Strickland et al., 1991). RAP binds
tightly to most LDL receptor family mem-
bers and functions as a molecular chaper-
one that assists in delivering the receptors
to the cell surface (Willnow et al., 1996).
We conducted binding experiments to de-
termine whether RAP is recognized by
LRAD3. For these experiments, a recom-
binant molecule expressing the LRAD3
ectodomain was prepared and used to
coat microtiter wells. When increasing con-
centrations of RAP was added to the wells,
no specific binding to LRAD3 was detected
(data not shown), revealing that LRAD3
does not bind RAP with high affinity.

LRAD3 mRNA expression in human
tissues and cell lines
Northern blot hybridization analysis was
performed using RNA isolated from sev-
eral human tissues and vascular cell types.
A single LRAD3 transcript of �4.2 kb is
expressed at high levels in brain, lung,
skeletal muscle, and pancreas (Fig. 4A).
LRAD3 mRNA was expressed at moderate
levels in heart, placenta, and kidney but
was not detected in the liver. The expres-
sion of LRAD3 mRNA was also examined
in human vascular endothelial cells and
smooth muscle cells. LRAD3 mRNA was
expressed in both HUVEC and ECV-304,
a bladder carcinoma cell line (Fig. 4 B).
Lower levels of expression were detected
in human saphenous vein and human
aortic smooth muscle cells. Interestingly, a
smaller-sized LRAD3 transcript is detected
in vascular smooth muscle cells (Fig. 4B) and may correspond to an
alternately spliced mRNA, because a BLAST search of the human
EST database reveals a transcript derived from several tissues that
lacks the first LDLRa repeat, suggesting an alternate splicing of the
LRAD3 transcript.

Immunoblot analysis identifies an �50 kDa polypeptide in
brain membrane extracts
To detect LRAD3 protein in cells and tissues, a recombinant mol-
ecule expressing the LRAD3 ectodomain was prepared and used
to raise antibodies. The affinity-purified antibodies were used

Figure 3. LRAD3 mediates the endocytosis of ligands. Confocal microscopy of COS-1 cells transfected with pSecLRAD3 Nmyc and
then stained for LRAD3 using anti-myc IgG (B, E) or for LRP (A, D). Nuclei are stained with TO-PRO3 and are shown in blue in merged
images (C, F ). In A–C, the cells were not permeabilized and demonstrate cell surface expression of LRP (A) and LRAD3 (B). In D–F,
the cells were permeabilized, showing a punctate intracellular staining of both LRP (D) and LRAD3 (E). G, Immunoblot of COS-1 cell
extracts transfected with vector or LRAD3 using anti-LRAD3 IgG demonstrating specificity of the antibody. H, I, 125I-labeled
myc-specific 9E10 antibody was incubated with COS-1 cells transiently transfected with either pSecLRAD3–Nmyc or empty vector,
and the amount of surface binding (H ) and internalized (I ) radioactivity was measured. J, The endocytic rate constant was
measured by incubating transfected cells with 125I-labeled 9E10 at 37°C for the indicated time periods. After incubation, the cells
were placed on ice, and the amount of ligand bound to the surface (B) and internalized (I) was measured. Nonspecific binding and
internalization were determined by incubating parallel cultures with excess unlabeled 9E10 and was subtracted from the total to
determine specific binding and internalization. Filled diamonds, Cell transfected with LRP1-�; open circles, cells transfected with
LRAD3.
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for immunoblot analysis of membrane
extracts from murine brain. The results
(Fig. 4C, lane 2) identify an �50 kDa
polypeptide from brain extracts that co-
migrates with recombinant LRAD3 ex-
pressed in COS-1 cells (Fig. 4C, lane 1).

Immunohistochemical analysis of
LRAD3 in the brain
The detection of LRAD3 mRNA in the
brain (Fig. 4) prompted us to identify spe-
cific regions and cell types in the brain that
express LRAD3. For this purpose, immu-
nostaining of paraffin brain sections from
adult mice was performed using affinity-
purified anti-LRAD3 IgG. No positive
staining was observed in brain sections
when non-immune control rabbit sera
was used (Fig. 5A). In the hippocampus,
LRAD3 is found throughout all CA layers.
However, the staining appears more
prominent in the CA1 layer and in the
dentate gyrus (Fig. 5B). LRAD3 is dif-
fusely found in the cerebral cortex, but the
staining is more intense in the cortical lay-
ers II–III and V (Fig. 5C). We detected
intense staining in neurons of the medial
habenular nucleus (Fig. 5D). In the brain-
stem, staining is evident in both the
pontine nuclei (Fig. 5E) and the medial
vestibular nucleus (Fig. 5F ). In the cer-
ebellum, the staining is particularly in-
tense in the granular layer (Fig. 5G).
However, LRAD3 staining is also de-
tected in some Purkinje and molecular
layer cells (Fig. 5H ).

LRAD3 staining of isolated cortical
neurons that were not permeabilized
confirmed cell surface staining in these
neurons (Fig. 6A–C). A punctuate intra-
cellular staining pattern was observed in
cells that were permeabilized (Fig. 6D–F).
The results shown in Figure 6 further
highlight that not all of the neurons in cul-
ture seem to express LRAD3.

LRAD3 coimmunoprecipitates with
APP
Because LRAD3 is prominently expressed
in neurons of the hippocampus CA1 layer,
a region of the brain that is relevant to
Alzheimer’s disease, we initiated studies
to determine whether LRAD3 can influence
the cellular processing of APP, a protein ge-
netically implicated in the development of
Alzheimer’s disease. We found that the
widely used mouse hippocampal neuronal
cell line HT22 expresses LRAD3. The ex-
pression of LRAD3 in these cells was con-
firmed by both immunoblotting (Fig. 7A,
lane 2) and FACS analysis (Fig. 7B,C). Im-
munofluorescence microscopy of HT22
cells revealed a punctate staining pattern for

Figure 4. Expression of LRAD3 mRNA and protein in various tissues. A, Tissue distribution of LRAD3 mRNA. A purified
EcoRI fragment of the human EST clone 358576 was used to probe a human multiple tissue Northern blot. B, LRAD3 mRNA
expression in human cells. RNA purified from the indicated cell types was probed with 32P-labeled LRAD3 cDNA. In the
bottom, a photograph of the 28s rRNA band is shown to demonstrate that equal amounts of RNA were present in each gel
lane. The cell sources for RNA are as follows: HUVEC, human umbilical vein endothelial cells; ECV-304, bladder carcinoma
cells; HSVSMC, human saphenous vein smooth muscle cells; HIASMC, human iliac artery smooth muscle cells. C, Immuno-
blot analysis of LRAD3 using affinity-purified Rb585 IgG in pcDNA–LRAD3-transfected COS-1 cell lysates (lane 1). Lane 2
shows an immunoblot of mouse brain membrane lysate. Rb585 IgG binding was detected with goat anti-rabbit IRDye@680
using the Odyssey Infrared Imaging System (Li-Cor).

Figure 5. LRAD3 expression in the brain. Coronal sections of adult mouse brain immunostained with anti-LRAD3 anti-
body. Hippocampus, A, B; cerebral cortex, C; medial habenular nucleus, D; brainstem, E, F; cerebellum, G, H. Sections using
non-immune antibody demonstrates no staining (A). All sections are counterstained with H&E. Insets show enlarged areas
demonstrating LRAD3-expressing neurons in the CA1 region (inset in B), neurons of the pontine nuclei (inset in E), neurons
of medial vestibular nucleus (inset in F ), and neurons in the white matter (inset in G). LRAD3-positive neurons of granule
and molecular layers of the cerebellum as well as Purkinje cells are shown in H. CA1, CA2, CA3, Fields of hippocampus; DG,
dentate gyrus; Pn, pontine nuclei; tfp, transverse fibers of pons; MVN, medial vestibular nucleus; MLB, medial longitudinal
bundle; GCL, granule cell layer; ML, molecular layer; WM, white matter. Scale bars: A–C, E, F, H, 100 �m; D, G, 50 �m.
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LRAD3 (Fig. 7D) and APP (Fig. 7E). Al-
though APP and LRAD3 do have distinct
staining patterns, there is significant colo-
calization of LRAD3 with APP as evidenced
from the merged image (Fig. 7F).

To examine the potential of LRAD3
and APP to interact, endogenous LRAD3
was immunoprecipitated from mouse
brain extracts. After separation of the pro-
teins by SDS-PAGE, the presence of APP
in the immunoprecipitate was investi-
gated by immunoblot analysis. The results
of this experiment, shown in Figure 8A,
reveal that APP coimmunoprecipitates
with LRAD3 from mouse brain extracts.
Endogenous APP was also observed to co-
immunoprecipitate with LRAD3 in HT22
cells (Fig. 8B). To examine the specificity
of the interaction, we immunoprecipi-
tated LRAD3 from HT22 cell extracts and
probed the immunoprecipitate for trans-
ferrin receptor. These experiments re-
vealed that the transferrin receptor failed
to coimmunoprecipitate with LRAD3
(Fig. 8C), suggesting that the interaction
of LRAD3 with APP is specific.

To determine whether APP precipita-
tion resulted in coprecipitation of LRAD3,
we used a model system in which COS-1
cells were cotransfected with LRAD3 and
APP751. COS-1 cells were selected be-
cause they do not express endogenous
LRAD3. In the first part of this experi-
ment, COS-1 cells were cotransfected with
vector and LRAD3 or with APP751 and
LRAD3. After transfection, APP751 was
immunoprecipitated, and the immuno-
precipitated proteins probed for LRAD3
(Fig. 8D). The results confirm that LRAD3
coimmunoprecipitated with APP751. Cell
extracts were also subjected to immunopre-
cipitation with antibodies against LRAD3,
and the immunoprecipitated proteins were
probed for APP751. The results (Fig. 8E)
confirm that APP751 coimmunoprecipi-
tated with LRAD3. Together, all of these re-
sults suggest a specific interaction between
LRAD3 and APP and further reveal that the
order of immunoprecipitation does not alter the outcome.

To identify the portion of APP required for its interaction with
LRAD3, we first examined a potential interaction of soluble
forms of APP released by the action of �-secretase (sAPP�) with
the soluble LRAD3 ectodomain using solid-phase binding assays.
In this assay, we coated the microtiter wells with purified sAPP�
containing a myc epitope and incubated the coated microtiter
wells with increasing concentrations of soluble recombinant
LRAD3 (sLRAD3). Coating of the microtiter wells with
sAPP�751–myc was confirmed by incubating with increasing
concentration of 9E10 anti-myc IgG. As shown in Figure 9A, we
did not observe any direct association between sAPP� and
sLRAD3. However, when we transiently coexpressed LRAD3 and
C99 (a 99-aa C-terminal fragment that contains the intact A�
sequence and the cytoplasmic tail that results from � secretase

cleavage) in COS-1 cells, we noted that this fragment of APP
coimmunoprecipitated with LRAD3 (Fig. 9B, lane 2, top). To-
gether, these experiments reveal that the determinant for the in-
teraction between APP with LRAD3 resides within the C99
fragment and not within the large ectodomain that is released
during �-secretase cleavage.

The LRAD3 cytoplasmic domain contains a polyproline se-
quence (PPPPY) that is recognized by WW-domain-containing
proteins. Fe65, which contains a WW domain, is expressed in the
brain and associates with APP via a PTB domain and modulates
its signaling properties (Cao and Südhof, 2001). Although the
polyproline sequence in LRAD3 is not the optimal motif for the
Fe65 WW domain, given the importance of Fe65 in APP biology,
we performed a coimmunoprecipitation experiment to deter-
mine whether Fe65 is capable of associating with LRAD3. Our

Figure 6. Expression of LRAD3 in cultured cortical neurons. Embryonic day 15 neurons were grown for 7 d and then stained with
affinity-purified Rb585 IgG and Alexa Fluor 488 anti-rabbit IgG to visualize LRAD3 expression. DAPI was used to detect the nucleus.
The cells in A–C were not permeabilized, whereas the cells in D–F were permeabilized. B and E show a merged fluorescence image
with the phase-contrast image. C and F are high magnification of sections of A and D, respectively and demonstrate that LRAD3
forms a punctate pattern in F. The image were taken with a 100� objective.

Figure 7. LRAD3 is expressed on the cell surface of the HT22 hippocampal neuronal-derived cell line and colocalizes with APP.
A, Immunoblot of LRAD3 in LRAD3-transfected COS-1 cell lysates (lane 1) and HT22 cell lysates (lane2). B, C, FACS analysis showing
the cell surface (B) and intracellular expression of LRAD3 (C) in HT22 cells. LRAD3 expression (blue lines) using Rb585 and isotype
control staining (red lines) are shown. D–F, Confocal microscopy analysis for LRAD3 (D) and APP (E). F shows the merged images
of LRAD3 and APP. Insets show enlarged image of the indicated regions. Scale bars, 10 �m.
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findings reveal that Fe65 does not effectively coimmunoprecipi-
tate with LRAD3, and, furthermore, we found that the associa-
tion between LRAD3 and APP was not affected by the presence or
absence of FE65 (data not shown).

LRAD3 modulates the cellular processing of APP
To examine whether the potential of LRAD3 to interact with
APP may modulate the cellular trafficking and proteolysis of
APP, we evaluated the effect of LRAD3 expression on total levels
of cellular APP and secreted sAPP� (derived from the activity
of �-secretase) in conditioned medium. Initially, COS-1 cells
were transfected with LRAD3, and the effect of LRAD3 expression
on levels of endogenous sAPP in conditioned media was mea-
sured by immunoblot analysis. A decrease in the levels of sAPP
derived from proteolysis of endogenously expressed APP was
observed in conditioned media from COS-1 cells that were trans-
fected with LRAD3, but no change in total APP levels was noted
(Fig. 10A). These results suggest that expression of LRAD3 affects
the processing of endogenous APP, and similar results were ob-
tained in other cells, such as H4 neuroglioma cells (data not
shown). Next, we used CHO 13-5-1 cell lines that are known to be
deficient in LRP1 (FitzGerald et al., 1995), another receptor that
influences APP proteolytic processing (Ulery et al., 2000). Be-
cause LRP1 is known to increase the production of A� peptide
(Ulery et al., 2000; Pietrzik et al., 2002), LRP1-deficient cell lines
were chosen to eliminate any possible contribution of LRP1 to

this process. As indicated in Figure 10B,
coexpression of LRAD3 with either the
APP695 or APP751 isoforms in these cells
results in a decrease in the levels of sAPP�
detected in the media, confirming that
LRAD3 affects the processing of both
APP751 and APP695. The results were
quantified and expressed as sAPP� levels
normalized to the total APP in the cells
and demonstrate a significant effect of
LRAD3 expression on the production of
sAPP� from both APP695 and APP751
isoforms (Fig. 10C). Thus, LRAD3 expres-
sion appears to reduce the non-
amyloidogenic processing of APP.

To determine whether LRAD3 alters
the production of the A� peptide as might
be expected from the results of Figure
10A–C, an ELISA was performed on
conditioned media after cotransfection
of LRAD3 and APP in CHO 13-5-1 cells.
The results reveal that CHO 13-5-1 cells
expressing LRAD3 produce signifi-
cantly more A�40 than cells transfected
with vector alone (Fig. 10 D). The in-
crease in A�40 cannot be attributed to an
increase in the expression of APP, be-
cause the total levels of APP in the trans-
fected cells were similar (Fig. 10 B,
middle). Finally, it should be high-
lighted that the effect of LRAD3 on A�
production was observed with both
isoforms of APP (i.e., APP751 and
APP695).

To further characterize the role of
LRAD3 in APP processing, we performed
metabolic labeling experiments to mea-

sure the turnover of APP by using [ 35S]methionine/cysteine. For
these experiments, we generated stable transfectants of LRAD3 in
HEK 293 cells, which have been used previously to investigate the
trafficking of APP (Borg et al., 1998). These cells and control HEK
293 cells were first transiently transfected with myc–APP695 and
then incubated for 1 h at 37°C with [ 35S]methionine/cysteine to
metabolically label cellular proteins. After this incubation, the
media was replaced with unlabeled methionine/cysteine and the
fate of labeled APP followed with time. The results of this exper-
iment, shown in Figure 10E, demonstrate an increased turnover
of APP695 in cells expressing LRAD3. The half-life of APP695 in
control HEK 293 cells was 2.6 h, a value that is consistent with
previous studies (Borg et al., 1998). In contrast, the half-life of
APP695 in HEK 293 cells expressing LRAD3 was reduced to 1.3 h
(Fig. 10F).

Discussion
In the current study, we identify a new member of the LDL re-
ceptor family, LRAD3, which is expressed in neurons within the
hippocampus, a region that is affected during the early stages of
Alzheimer’s disease. Confocal microscopy reveals that some
LRAD3 immunofluorescence overlaps with APP fluorescence,
suggesting localization within the same or closely opposed cellu-
lar compartments in HT22 cells. Coimmunoprecipitation exper-
iments reveal that APP is capable of interacting with LRAD3. This
interaction also occurs with a truncated version of the APP mol-

Figure 8. Coimmunoprecipitation experiments reveal an interaction between LRAD3 and APP. Mouse brain (A) and HT22 cell
(B) lysates were subjected to immunoprecipitation using non-immune IgG (NI) (lane 2) or anti-LRAD3 Rb585 IgG (LRAD3) (lane 3).
The immunoprecipitates were separated on 4 –12% SDS-PAGE under reducing conditions and transferred to nitrocellulose mem-
brane and analyzed for APP using LN27 antibody. Lane 1 represents an immunoblot of brain extract and HT22 cell lysates with LN27
IgG, respectively. C, Immunoprecipitation of HT22 cell lysates with NI (lane 2) or anti-LRAD3 IgG (lane 3), followed by immuno-
blotting for the transferring receptor (TfR). Lane 1 represents an immunoblot of HT22 cell lysates with anti-TfR IgG. D, COS-1 cells
were transiently transfected with empty vector and LRAD3 (left lane) or APP751 and LRAD3 (right lane) for 48 h. Cell lysates were
then immunoprecipitated with anti-APP IgG and then immunoblotted with anti-LRAD3 to detect the coimmunoprecipitated
LRAD3. The immunoblots were also reprobed with anti-APP to detect APP in the immunoprecipitate. E, COS-1 cells were transiently
transfected with empty vector and APP (left lane) or LRAD3 and APP751 (right lane) for 48 h. Cell lysates were then immunopre-
cipitated with anti-LRAD3 IgG and then immunoblotted with anti-APP to detect the coimmunoprecipitated APP. The immunoblots
were also reprobed with anti-LRAD3 to detect LRAD3 in the immunoprecipitate. IP, Immunoprecipitation; WB, Western blot.
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ecule termed C99 that contains the intracellular domain (ICD),
the transmembrane domain, and a short extracellular sequence
of APP but not with sAPP�, revealing that the large ectodomain
of APP is not required for the interaction between APP and
LRAD3. We further demonstrate that LRAD3 expression alters
APP processing, such that lowered levels of sAPP� and increased
amounts of the A� peptide are secreted into the media when
LRAD3 is expressed. Finally, we demonstrate that expression of
LRAD3 significantly increases the turnover of APP. The mecha-
nism by which LRAD3 modulates the trafficking and processing
of APP is not known but could result from a direct interaction
with APP that might be expected to alter its cellular trafficking,
such as enhancing its recycling through endosomal compartments
in which proteolysis can occur. Although LRAD3 has polyproline
motifs that are predicted to interact with WW-domain-containing
proteins, they are not recognized by Fe65, a protein that also associ-
ates with APP and modulates its cellular trafficking (Sabo et al.,
1999).

The cellular trafficking of APP is complex, because APP un-
dergoes regulated intramembrane proteolysis (Brown et al.,
2000). This is a process in which an integral membrane protein is
cleaved within its transmembrane domain after shedding of the
ectodomain. In the case of APP, the initial shedding event occurs
via the activity of an �- or �-secretase, followed by cleavage
within the transmembrane domain mediated by a �-secretase
activity. Proteolysis by the �- and �-secretase is thought to occur
within the endosomal compartments (Sisodia and Price, 1995).
The �-secretase has been identified as a transmembrane aspartyl-
proteinase termed BACE (Vassar et al., 1999), whereas the
�-secretase has been identified as presenillin 1 or 2 (De Strooper
et al., 1999) along with several other proteins that form the en-
zyme complex (De Strooper, 2003). The presenilin-mediated
cleavage of APP occurs within the transmembrane domain and
releases the APP ICD, which is thought to participate in signaling
pathways via association with the adaptor protein Fe65 and the
histone acetyltransferase Tip60 (Cao and Südhof, 2001). En-
hanced proteolytic processing of APP when LRAD3 is expressed
thus raises the possibility that LRAD3 might influence the signal-
ing properties of APP as well.

As a member of the LDLR family, LRAD3 has some interesting
structural features. The three LDLa repeats in the ectodomain are
homologous to those found in LRP and other members of the
LDL receptor family, but none have the three conserved,
calcium-coordinating acidic residues that were found to encircle
lysine residues present on LRP ligands (Fisher et al., 2006). This
accounts for the fact that LRAD3 fails to bind RAP with high
affinity. The LDLa repeats of LRP, megalin, and the LDL receptor
are responsible for binding ligands. Thus, although ligands that
may interact with LRAD3 are unknown at present, it seems likely
that LRAD3 will recognize ligands distinct from other members
of the LDL receptor family. Given the structure of the LRAD3

Figure 9. LRAD3 interacts the C99 APP fragment. A, Increasing concentrations of soluble
LRAD3 were added to microtiter wells coated with soluble myc-APP751� (circles). Bound
LRAD3 was detected using anti-LRAD3 Rb585 IgG and horseradish peroxidase-conjugated goat
anti-rabbit IgG antibody. To detect the immobilized soluble APP on the plate, increasing con-
centrations of the anti-myc IgG 9E10 was used (diamonds). B, COS-1 cells were transiently
transfected with pcDNA–LRAD3 and vector (lane 1), pcDNA–LRAD3/C99 (lane 2), or empty
vector/C99 (lane 3) in the presence of 10 nM �-secretase inhibitor. After transfection, cell ex-
tracts were subjected to immunoprecipitation with anti-LRAD3 and immunoblotted with 6E10
IgG. The samples in lanes 1–3 were run on the same gel.

Figure 10. LRAD3 expression modulates APP processing. A, COS-1 cells were transfected
with empty vector (lane 1) or pcDNA–LRAD3 (lane 2) and were then placed in serum-free
medium. After 24 h, conditioned medium was collected and concentrated, and proteins were
separated on 4 –12% SDS PAGE. After transfer to nitrocellulose membranes, the proteins were
probed for soluble APP using LN27 antibody. Total APP was detected in cell extracts. The LRAD3
immunoblot was run on separate gels. B, CHO 13-5-1 cells were cotransfected with APP 695 or
APP751 along with pcDNA–LRAD3 or empty vector (V) and cultured for 24 h, before placing in a
serum-free medium. The cells were incubated for 24 h in serum-free media, and the condi-
tioned medium then collected and assayed for soluble APP by immunoblotting with 6E10 (top).
Cell extracts were also analyzed by immunoblot for total APP (middle) or GAPDH (bottom). C,
Bands shown in B were quantified using Odyssey imaging software, and the ratio of sAPP� to
total APP was calculated. *p � 0.0008, three independent experiments, each performed in
duplicate; **p � 0.006, three independent experiments, each performed in duplicate. D, Con-
ditioned medium from the experiment detailed in B were collected and analyzed for A�1– 40

levels using ELISA. *p � 0.00001, three independent experiments, each performed in dupli-
cate; **p � 0.00005, three independent experiments, each performed in duplicate. E, F, Turn-
over of full-length APP 695–myc in HEK 293 cells stably transfected with LRAD3 (� LRAD3) or
control HEK 293 cells (Control). The cells were pulse labeled with [ 35S]methionine/cysteine for
1 h and chased for 0, 1, 2, 3.5, and 5 h. F, The half-life was determined by quantifying the results
from E. Three independent experiments were performed, each in duplicate, and a representa-
tive experiment is shown.
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cytoplasmic domain, it also seems likely that ligand binding may
trigger signaling events. Interestingly, several ligands that are ca-
pable of interacting with LRP are also thought to initiate signaling
events. These ligands include activated �2M (Misra et al., 1994),
urokinase-type plasminogen activator (Nguyen et al., 1998),
apoE (Riddell et al., 1997), and tissue-type plasminogen activator
(Hu et al., 2006). Whether or not any of these molecules are
ligands for LRAD3 remains to be determined.

LRAD3 also lacks the EGF and �-propeller domains that are
found in the extracellular portions of LDL receptor family mem-
bers that are important for pH-induced uncoupling of ligands
within acidic endosomal compartments (Davis et al., 1987;
Mikhailenko et al., 1999; Rudenko et al., 2002). Interestingly, the
structural organization of LRAD3 is similar to that of two alter-
nately spliced genes from the quail, pg800 and pg950, encoding
receptors for the subgroup A Rous sarcoma virus (Bates et al.,
1993). pg950 contains a single LDLa repeat, a transmembrane
domain, and a short cytoplasmic domain, whereas pg800 lacks
the cytoplasmic domain. Thus, LRAD3, pg800, and pg950 may
define a new subfamily of receptors that are closely related to the
LDL receptor by the presence of one or more LDLa repeats in
their extracellular domains but lack the other LDL receptor fam-
ily motifs.

In addition to its extracellular complement-like repeats,
LRAD3 contains a transmembrane domain and a 151 aa cytoplas-
mic domain. Unlike other members of the LDL receptor family,
LRAD3 lacks an NPXY clathrin internalization sequence. In-
stead, the cytoplasmic domain of LRAD3 contains a conserved
dileucine motif that has been demonstrated to mediate endocy-
tosis and sorting of many receptors, including CD3 (Letourneur
and Klausner, 1992), IgG Fc receptors (Hunziker and Fumey,
1994), the IL-6 receptor (Dittrich et al., 1996), and CD44 (Sheikh
and Isacke, 1996). The Drosophila yolkless gene, which encodes
an LDL receptor homolog, also contains dileucine motifs (Schon-
baum et al., 1995). Our experiments indicate that LRAD3 appears
capable of mediating the endocytosis of a radiolabeled antibody
directed against a myc epitope placed at the N terminus of this
protein.

The cytoplasmic domain of LRAD3 also contains two poly-
proline sequences, SPPSY and PPPPY, which represent consen-
sus sequences that are recognized by WW-domain-containing
proteins (Sudol, 1996; Pawson and Scott, 1997). WW domains
are small modules of 35– 40 aa that are characterized by four well
conserved aromatic residues of which two are tryptophans that
bind to proteins containing a minimal consensus sequence of
XPPXY (Bork and Sudol, 1994; Chen and Sudol, 1995). The list
of proteins that contain WW domains is expanding, and many of
these molecules appear to be involved in regulatory or cell signal-
ing processes (Sudol, 1996; Pawson and Scott, 1997). Although
the results obtained in the present study reveal that Fe65 does not
interact with LRAD3, it is likely that other WW-domain-
containing proteins will be identified that do interact with the
LRAD3 cytoplasmic domain. Interestingly, not only does the
PPPPY sequence in LRAD3 conform to the WW domain binding
consensus, but this region may also be recognized by molecules
containing Src homology 3 (SH3) domains (Cohen et al., 1995;
Pawson, 1995; Pawson and Scott, 1997).

In summary, we have identified a novel transmembrane re-
ceptor containing three LDLa repeats in its extracellular domain
that is abundant in the brain, especially regions associated with
the early development of Alzheimer’s disease. LRAD3 colocalizes
with APP within these regions of the brain and is able to associate
with APP. Transfection of LRAD3 into cells expressing APP re-

veal that LRAD3 alters the proteolytic processing such that in-
creased amounts of A� are produced along with decreased
amounts of sAPP�. Given that A� deposition is thought to rep-
resent an initiating event in Alzheimer’s disease, it is possible that
LRAD3 may modulate the development and progression of this
disorder.
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