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Abstract
LDL receptor-related protein 1 (LRP1) is an endocytic receptor, reported to regulate the
abundance of other receptors in the plasma membrane, including uPAR and tissue factor. The goal
of this study was to identify novel plasma membrane proteins, involved in cell-signaling, which
are regulated by LRP1. Membrane protein ectodomains were prepared from RAW 264.7 cells in
which LRP1 was silenced and control cells using protease K. Peptides were identified by LC-MS/
MS. By analysis of spectral counts, 31 transmembrane and secreted proteins were regulated in
abundance at least 2-fold when LRP1 was silenced. Validation studies confirmed that
semaphorin4D (Sema4D), plexin domain-containing protein-1 (Plxdc1), and neuropilin-1 were
more abundant in the membranes of LRP1 gene-silenced cells. Regulation of Plxdc1 by LRP1 was
confirmed in CHO cells, as a second model system. Plxdc1 co-immunoprecipitated with LRP1
from extracts of RAW 264.7 cells and mouse liver. Although Sema4D did not co-
immunoprecipitate with LRP1, the cell-surface level of Sema4D was increased by RAP, which
binds to LRP1 and inhibits binding of other ligands. These studies identify Plxdc1, Sema4D, and
neuropilin-1 as novel LRP1-regulated cell-signaling proteins. Overall, LRP1 emerges as a
generalized regulator of the plasma membrane proteome.
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Introduction
LDL receptor-related protein 1 (LRP1) is an endocytic receptor for diverse ligands,
including proteases, protease inhibitors, growth factors, extracellular matrix proteins, and
lipoproteins1. In many cell types, including neurons and Schwann cells, binding and
endocytosis of ligands by LRP1 triggers robust cell-signaling responses2–6. LRP1 also
regulates cell-signaling and the response to extracellular mediators by acting as a co-
receptor, a response modifier, and/or by controlling the cell-surface abundance of other
receptors, such as the urokinase receptor (uPAR), PDGF receptor-β, TNF receptor-1
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(TNFR1), and toll-like receptor-47–11. By its effects on cell-signaling, LRP1 regulates cell
survival, migration, differentiation, inflammation, and vascular permeability6,8,10,12–17.

Many activities of LRP1 are explained mechanistically by its ability to regulate the
abundance of other proteins in the plasma membrane. uPA-Serpin complexes bind
simultaneously to uPAR and LRP1 so the entire complex is internalized by LRP118.
Similarly, Factor VIIa-tissue factor pathway inhibitor complex bridges tissue factor to LRP1
so that the tissue factor is cleared from the cell surface19. LRP1 regulates trafficking and
amyloidigenic processing of amyloid precursor protein (APP) by forming a bridged-receptor
complex in which Fe65 binds both LRP1 and APP20,21. PrPc binds directly to LRP1 and
undergoes LRP1-mediated clearance from the cell surface22. Still other membrane proteins,
such as uPAR-AP/Endo-180, are regulated by LRP1 at the transcriptional level, apparently
downstream of LRP1-dependent cell-signaling23. Understanding the activity of LRP1 as a
regulator of the plasma membrane proteome remains an important objective, which may
help explain activities of LRP1 in prevalent diseases, such as atherogenesis24, cancer
metastasis25, and stroke5,17.

The goal of this study was to identify novel plasma membrane proteins that are regulated by
LRP1. The use of proteomics to study plasma membrane composition remains challenging.
A number of strategies have been developed26,27. Our approach was to apply a protease-
based method for acquiring and analyzing membrane protein ectodomains, referred to as
proteome of cell-exposed extracellular domains (PROCEED), originally described by Bledi
et al28. RAW 264.7 macrophage-like cells in which LRP1 was silenced and control cells
were compared. Thirty-one LRP1-regulated transmembrane and secreted proteins were
identified. Validation studies were performed, confirming that three transmembrane proteins
are significantly more abundant in macrophage plasma membranes when LRP1 is deficient.
The validated proteins were neuropilin-1 (Nrp1), which functions as a co-receptor for class 3
semaphorins and vascular endothelial growth factor, plexin domain-containing protein-1
(Plxdc1), and the membrane-anchored semaphorin, Sema4D.

Methods
Reagents

Sulfo-NHS-LC-biotin was from Pierce (Rockford, IL). Papain and protease-K were from
Worthington Biochemical (Lakewood, NJ). Nrp-1-specific antibody was from Cell
Signaling Technologies (Danvers, MA). Sema4D-specific antibody was from Abcam
(Cambridge, MA). Plxdc1-specific antibody was from Imgenex (San Diego, CA). LRP1-
specific antibody 11H4 was purchased from ATCC. Receptor-associated protein (RAP) was
prepared as previously described29. Endotoxin-free RAP was prepared using endotoxin-
removing columns (Pierce), according to manufacturer’s instructions.

Cell Culture
RAW 264.7 macrophage-like cells were cultured in RPMI 1640, supplemented with 10 mM
L-glutamine, 10% FBS, and penicillin/streptomycin. LRP1-deficient CHO 13-5-1 cells and
LRP1-expressing CHO K1 cells were cultured in DMEM low glucose medium,
supplemented with 10% FBS (HyClone Laboratories, Logan, UT), non-essential amino
acids, 2 mM L-glutamine, 100 units/ ml of penicillin, and 100 µg/ml of streptomycin30,31.

LRP1 Gene-silencing in RAW 264.7 Cells
Silencing of LRP1 in RAW 264.7 cells was accomplished using the pSUPER vector system
from Oligoengine (Seatlle, WA), which expresses shRNA directed against LRP1 as
previously described25. RAW 264.7 cells were transfected with this construct or with empty
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vector using the Nucleofector system from Amaxa. Transfected cells were selected with
puromycin (1 µg/mL). LRP1 gene-silenced cells were treated with Pseudomonas exotoxin A
for 48 h (250 ng/ml) to eliminate LRP1-positive cells32.

PROCEED Preparations
LRP1-expressing and gene-silenced RAW 264.7 cells were cultured in serum-containing
medium until confluent. Cells were dissociated by gentle scraping, washed with 20 mM
sodium phosphate, 150 mM NaCl, pH 7.4 (PBS), and then re-suspended in PBS containing
papain or protease K (1/100 w/w) for 1 h at 4 °C. Cells and cell fragments were pelleted by
centrifugation. The protease activity was neutralized by addition of phenylmethylsulfonyl
fluoride or E64. Proteins in the cell-free medium were precipitated by addition of 20%
trichloroacetic acid and after centrifugation, re-suspended in SDS-PAGE loading-buffer.
SDS-PAGE was conducted.

LC-MS/MS and Data Analysis
PROCEED preparations were analyzed as previously described33. After SDS-PAGE, the
gel was sliced into 19 sections, 0.5 cm in height. In-gel trypsin digestion was then
conducted. The resulting peptides were loaded onto a 100 µm fused silica capillary column
containing 10 cm of C18 resin (Phenomenex). Peptides were eluted from the column using a
2 h gradient and a flow rate of 0.25 µL/min, directly into an LTQ-XL ion trap MS
(ThermoFisher). The LTQ-XL MS was operated in data-dependent scanning mode, with one
full MS scan followed by seven MS/MS scans of the most abundant ions with dynamic
exclusion enabled. Raw MS/MS data were analyzed using SEQUEST software33 and the
DTASelect search program34. Search criteria were established to maintain a maximum false
positive rate of 5% and required identification of at least two peptides per locus. DTAselect
results were assembled into peptographs, as previously described33. The complete
PROTOMAP dataset is available online and can be interactively searched and sorted at the
following url: http://tinyurl.com/lqz63n.

Surface Protein Biotinylation and Immunoprecipitation
Cell-surface proteins were biotinylated using the membrane-impermeable reagent, sulfo-
NHS-LC-biotin, and purified by Streptavidin-Sepharose affinity-precipitation, as previously
described8. LRP1 immunoprecipitation with monoclonal antibody 11H4 was performed as
described by Barnes et al35. Whole cell extracts were prepared in ice-cold RIPA buffer
(PBS with 1% NP-40, 0.1% SDS, and 0.5% deoxycholic acid) containing complete protease
inhibitor cocktail (Roche). These various preparations were analyzed by SDS-PAGE and
immunoblotting, as previously described8.

Results
Isolation of Plasma Membrane Ectodomains from LRP1-expressing and -deficient Cells

To compare the plasma membrane proteome in LRP1-expressing and -deficient cells, we
isolated plasma membrane protein ectodomains using protocols based on the original
PROCEED method described by Bledi et al.28. As shown in Fig 1A, cells in suspension
were treated with broad-spectrum proteases, such as papain or protease K, for 1 h at 4°C.
The cells were pelleted by centrifugation and peptides in solution were subjected to SDS-
PAGE. Each gel was sliced into nineteen sections and the peptides contained in each section
were further digested with trypsin, facilitating identification by LC MS/MS33.

As a model system, we studied RAW 264.7 macrophage-like cells. LRP1 expression in
macrophages controls inflammation and atherosclerosis8,24. Constitutive expression of
LRP1-specific shRNA induced nearly complete LRP1 gene-silencing in RAW 264.7 cells,
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as determined by immunoblot analysis (Fig. 1B). LRP1-expressing (LRP1+) and gene-
silenced (LRP1−) RAW 264.7 macrophages were subjected to protease digestion to release
plasma membrane protein ectodomains. The Sypro ruby-stained gel in Fig 1C shows
recovery of numerous peptides in the medium. The absence of tubulin in the medium
confirmed that cells and cell fragments did not substantially contaminate the ectodomain
preparations (Fig.1D).

Analysis of the RAW 264.7 Cell Plasma Membrane Proteome
PROCEED preparations generated with protease K were analyzed by LC MS/MS. In
isolates from LRP1-expressing RAW 264.7 cells, peptides from 1281 gene products were
identified, 11.4% of which were transmembrane proteins. The fraction of transmembrane
proteins was increased 12-fold compared with that observed by analysis of whole cell
extracts. In three replicate analyses, 31 proteins with transmembrane domains and/or signal
sequences were at least two-fold more or less abundant when LRP1 was silenced (Table 1).

In PROCEED preparations from control RAW 264.7 cells, LRP1-related spectral counts
were abundant, probably reflecting the large ectodomain in LRP1 and the high level of
LRP1 expression in the RAW 264.7 cell plasma membrane. By analysis of spectral counts,
LRP1 was silenced by 93% in shRNA-expressing cells. Two other members of the LRP
gene family, Sorl1 and LRP1b, were identified at low abundance in PROCEED preparations
from LRP1-expressing RAW 264.7 cells. Sorl1 and LRP1b were absent in preparations from
LRP1 gene-silenced cells. This may reflect regulation of these LRP family members by
LRP1 or cross-reactivity of our LRP1-specific shRNA. BLAST analysis of the LRP1
shRNA sequence against the sequences of Sorl1 and LRP1b showed 53% and 37% identity,
respectively. Serpinb9b was increased in abundance in isolates from LRP1 gene-silenced
cells. Multiple Serpins are well-defined LRP1 ligands, which undergo endocytosis and
degradation in lysosomes following LRP1-binding1. In the absence of LRP1, Serpins may
accumulate at the cell surface. Other gene products that were apparently regulated by LRP1
include myeloid cell-specific pathogen receptors (Mrc1, Clec7a, Man2b2 and Msr) and
immunoglobulin receptors (Pira3 and Cd300a). Proteins involved in cell adhesion were
identified (Ezr, Cd36, Itgam and Fndc3). Validation studies will be required to further assess
these results.

Regulation of Plxdc1, Nrp1, and Sema4D by LRP1
A peptograph, summarizing the LC-MS/MS results for LRP1, is shown in Fig. 2. Results
obtained with LRP1 gene-silenced and -expressing cells are presented in blue and red,
respectively. The right-hand panel shows the abundance of LRP1-related peptides in each
gel section (mean ± S.D., n=3). Low mobility gel sections contain larger peptides. The left-
hand panel shows the relationship of identified peptides to the full-length sequence of LRP1.
Note that the majority of the larger peptides are derived from the N-terminal and central
region of LRP1, as would be anticipated for this type 1 transmembrane protein.

In this study, we chose to validate proteomics data for three transmembrane proteins
(Plxdc1, Sema4D, and Nrp1) implicated in cell-signaling. As shown in Fig. 2, in each case,
the proteomics data suggested that the plasma membrane abundance of the protein of
interest was increased in LRP1 gene-silenced cells. All of the peptides identified for each of
the three gene products were derived from the N-terminus of the protein sequence,
supporting the major presupposition of the experimental approach, which is selective
isolation of membrane protein ectodomains.

To validate that LRP1 gene-silencing increases the cell surface abundance of Plxdc1,
Sema4D, and Nrp1, cell-surface proteins in RAW 264.7 cells were labeled with the
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impermeable biotinylation reagent, sulfo-NHS-LC-biotin, and affinity-precipitated with
Streptavidin-Sepharose. Affinity precipitates and whole cell extracts were subjected to
immunoblot analysis. As shown in Fig. 3, the cell surface abundance of Plxdc1 and Sema4D
was substantially increased in LRP1 gene-silenced cells. Total cellular levels of the two
proteins were unchanged.

Cell-surface Nrp1 was recovered in two bands, a major band at 80-kDa and a minor band at
110-kDa. Both species were increased in intensity when LRP1 was silenced. The same two
bands were observed in whole cell extracts, although the ratio was reversed so that the 110-
kDa band was more prominent. The 80-kDa band, in the whole cell extracts, was selectively
increased in intensity when LRP1 was silenced, supporting the argument that this band
represents a major surface-exposed form of Nrp1 that is regulated by LRP1.

Analysis of the Mechanism by which LRP1 Regulates Membrane Proteins
LRP1 decreases the cell-surface abundance of uPAR, APP, and tissue factor by facilitating
the endocytosis of these receptors. In each case, a bridging protein or protein complex links
LRP1 to the second receptor36. To test how LRP1 regulates the cell surface abundance of
Plxdc1, Sema4D, or Nrp1, first we performed co-immunoprecipitation experiments. Fig. 4A
shows that Plxdc1 co-immunoprecipitated with LRP1 from RAW 264.7 cell extracts. Nrp1
and Sema4D were not detected in the equivalent immunoprecipitates. To confirm these
results, LRP1 was immunoprecipitated from extracts of mouse liver. Again, Plxdc1 co-
immunoprecipitated with LRP1 (Fig. 4B). These results demonstrate that LRP1 associates
with Plxdc1, either directly or indirectly.

As a second model system to test whether LRP1 regulates the cell-surface abundance of
Plxdc1, we studied CHO 13-5-1 cells in which LRP1 is absent and wild-type LRP1-
expressing CHO K1 cells. This model system is previously described31. As shown in Figure
4C, the cell-surface abundance of Plxdc1 was significantly increased in LRP1-deficient
CHO 13-5-1 cells. The total cellular level of Plxdc1 was unchanged. Sema4D and Nrp1
were not detected in CHO cells.

RAP binds to the ligand-binding repeats in LRP1 and inhibits interactions that are critical
for LRP1-facilitated membrane protein endocytosis21,36,37. Because not all protein
interactions can be detected by co-immunoprecipitation, we cultured LRP1-expressing
RAW 264.7 cells for three days in the presence of RAP, as previously described21, 37, and
then, determined the cell-surface level of Sema4D. Fig. 4D shows that the cell-surface
abundance of Sema4D was substantially increased by RAP, supporting the hypothesis that
Sema4D trafficking and subcellular distribution are regulated by LRP1.

Discussion
LRP1 gene deletion in mouse is embryonic lethal38. Conditional LRP1 gene deletion in
vascular smooth muscle cells, macrophages, or neurons generates robust phenotypes,
suggesting that LRP1 regulates multiple aspects of cell physiology7,24,39,40. One
mechanism by which LRP1 regulates cell physiology is by clearing growth factors and
proteases from the extracellular spaces1. In some cell types, binding of LRP1 ligands
activates cell-signaling2,4,14. LRP1 also is subject to regulated intramembrane proteolysis;
the resulting C-terminal fragment of LRP1 may translocate to the nucleus and regulate gene
transcription10,41. LRP1 functions as a co-receptor for PDGF receptor-β11,42. LRP1 also
decreases the cell-surface abundance of receptors such as uPAR, APP, tissue factor, and
TNFR18,36. This is an important pathway whereby LRP1 may regulate the physiology of
diverse cells. To understand the extent to which this pathway contributes to the overall
activity of LRP1, it is important to define the LRP1-regulated membrane protein proteome.
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In this study, we utilized PROCEED to compare plasma membrane proteomes. This method
circumvents challenges resulting from the hydrophobic nature of transmembrane proteins
and the low solubility of proteins in domains such as lipid rafts28. Avoiding the use of
detergents eliminates technical problems otherwise encountered in sample preparation and
analysis26–28. The PROCEED technique has the capacity to identify membrane proteins
that are altered in concentration in the plasma membrane. Changes in recovery of peptides
from a specific membrane protein also may reflect altered membrane domain localization,
association with other proteins in the membrane, and/or conformational heterogeneity
influencing susceptibility to proteolytic cleavage. Using a single protease (protease K),
multiple candidate LRP1-regulated gene products were identified. Three of the identified
candidates were validated. The other targets listed in Table 1 require further study. A
number of cellular receptors that are known to be regulated by LRP1, including TNFR1 and
uPAR8,18, were not identified in the preparations characterized here. Thus, the membrane
proteins identified in this study represent a subset of those that are regulated by LRP1.
Additional regulated membrane proteins may be identified using different proteases, such as
papain, or by altering the PROCEED conditions.

Using biotin-labeling and affinity precipitation, we validated Sema4D, Plxdc1 and Nrp1 as
LRP1-regulated plasma membrane proteins. The plasma membrane abundance of these
proteins was increased when LRP1 was silenced in RAW 264.7 macrophage-like cells.
Plxdc1 also was increased at the cell surface in LRP1-deficient CHO cells. The levels of
Sema4D and Plxdc1 in whole cell extracts were unchanged, suggesting that LRP1 regulates
the subcellular distribution of these receptors by facilitating their endocytosis. It is well
known that membrane proteins that associate with LRP1 undergo endocytosis with LRP1 in
clathrin-coated pits36. We showed that Plxdc1 associates with LRP1 by co-
immunoprecipitation. Although we were not able to demonstrate co-immunoprecipitation of
Nrp1 and Sema4D with LRP1, the cell surface abundance of Sema4D was increased in cells
treated with RAP. Culturing cells in the presence of RAP neutralizes interactions involving
LRP1 and other membrane proteins that are frequently necessary for LRP1-facilitated
endocytosis21,36,37. Overall, these results indicate that the ability of LRP1 to promote
endocytosis of membrane proteins and facilitate their clearance from the cell surface may be
more ubiquitous than previously appreciated.

The semaphorins and their receptors in the plexin family and Nrp1 were originally identified
as guidance factors that function in axonal development and synapse formation43. However,
more recent studies have identified a wide spectrum of activities for these proteins in diverse
biological processes, including heart morphogenesis, blood vessel formation, and immune
cell regulation44–46. Sema4D is involved in B cell differentiation and T cell activation47,48
and is a potent pro-angiogenic factor in cancer49,50. The source of Sema4D, in tumor
angiogenesis, is most likely macrophages49. Sema4D also is expressed by platelets and may
function as a prothrombotic membrane protein51.

Plxdc1 is also known as tumor endothelial marker-7 and is expressed mainly by endothelial
cells in tumors52–54. Although the function of Plxdc1 remains incompletely understood, it
may serve as a cell-signaling receptor for nidogen55. Nrp1 functions as a co-receptor for
class 3 semaphorins and for vascular endothelial growth factor56,57. Nrp1 has been
implicated in cancer progression57. Nrp1 is known to associate with β1 integrins and with c-
Met in the plasma membrane58,59. In macrophages, expression of Nrp1 is increased by
colony-stimulating factor-160, as is LRP161.

Like the semaphorins, plexins, and Nrp1, LRP1 has been implicated in axonal growth,
synapse function, and long-term potentiation4,39. We previously demonstrated that in
cultured hippocampal neurons, LRP1 localizes in a polarized manner to cell bodies and
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dendritic spines and shafts62. Others have shown that LRP1 binds post-synaptic density
protein-95 (PSD-95), a scaffolding protein that bridges multiple proteins involved in
signaling responses in dendritic spines39,63,64. It will be important to determine whether
the regulatory activities of LRP1 demonstrated here are operational in neurons and whether
these activities contribute to the role of LRP1 in complex processes such as long term
potentiation.

Abbreviations

LRP1 LDL receptor-related protein-1

uPAR urokinase receptor

APP amyloid precursor protein

TNFR1 tumor necrosis factor receptor-1

PROCEED proteome of cell-exposed extracellular domains

Nrp1 neuropilin-1

plxdc1 plexin domain-containing protein-1

Sema4D semaphorin4D

RAP receptor-associated protein
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Figure 1.
Strategy for generating PROCEED preparations. A, Schematic representation of the
experimental design. B, Whole cell extracts were isolated from LRP1-expressing RAW
264.7 cells (LRP1+) and from cells in which LRP1 was silenced (LRP1−). The extracts
were subjected to immunoblot analysis for LRP1 and β-actin. C, LRP1+ and LRP1− RAW
264.7 cells were treated with papain or protease K for 1 h. The cells were pelleted and the
supernatants were subjected to SDS-PAGE and Sypro ruby-staining. Control lanes (con)
show the proteases in the absence of cell supernatants. D, PROCEED preparations, obtained
using papain or proteinase K, and cell extracts (cell) were subjected to immunoblot analysis
for tubulin.
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Figure 2.
Peptographs for LRP1, Sema4D, Nrp1, and Plxdc1. The y-axis of each peptograph is labeled
“1–19” at the center, representing each of the 19 gel slices. The left-hand panel shows the
peptides recovered in relation to the sequence of the full-length protein. The right-hand
panel shows the spectral counts of peptides related to the gene of interest in each gel section.
Results for control LRP1-expressing RAW 264.7 cells are shown in red. Results for cells in
which LRP1 is silenced are shown in blue.
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Figure 3.
Validation of Sema4D, Nrp1, and Plxdc1 as LRP1-regulated membrane proteins. Cell-
surface proteins in control (LRP1+) and LRP1 gene-silenced (LRP1−) RAW 264.7 cells
were labeled with biotin, Streptavidin affinity-precipitated, and subjected to immunoblot
analysis (surface). Whole cell extracts also were subjected to immunoblot analysis (total).
Tubulin was detected in whole cell extracts as a loading control.
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Figure 4.
LRP1 associates with Plxdc1 and regulates Sema4D. A, Whole cell extracts were isolated
from RAW 264.7 cells. Immunoprecipitation was performed using LRP1-specific antibody
11H4 or isotype-matched antibody. The immunoprecipitates (IP) were subjected to
immunoblot analysis (IB) to detect LRP1, Sema4D, Nrp1 and Plxdc1. Whole cell extracts
were subjected to immunoblot analysis (IB) as a control (left-hand lanes). B, The identical
immunoprecipitation protocol was executed using mouse liver extracts. Immunoblot
analysis was performed to detect LRP1 and Plxdc1. C, Cell-surface proteins in control
(CHO-K1) and LRP1-deficient (13-5-1) CHO cells were labeled with biotin, Streptavidin
affinity-precipitated, and subjected to immunoblot analysis (surface) to detect Plxdc1.
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Whole cell extracts also were subjected to immunoblot analysis to detect Plxdc1 (total).
Tubulin was detected in whole cell extracts as a loading control. D, RAW 264.7 cells were
treated with RAP (200 nM) or vehicle for 3 days. Cell-surface Sema4D was determined by
biotin-labeling and affinity precipitation. Total levels of Sema4D were determined by
analyzing whole cell extracts. Tubulin in whole cell extracts also was determined as a
loading control.
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TABLE 1

Plasma membrane and secreted proteins regulated by LRP1 in RAW 264.7 cells.

Gene name IPI number Spectral Counts Fold change

LRP1+ LRP1−

Sorl1 IPI00776230.1 8 0 -

Lrp1b IPI00119787.4 4 0 -

Pira3 IPI00670237.5 5 0 -

Lrp1 IPI00119063.2 917 66 13.9

Mrc1 IPI00126186.1 12 4 3

Clec7a IPI00119904.5 4 1 4

Fndc3a IPI00356888.4 6 2 3

Man2b2 IPI00117842.2 3 1 3

Erap1 IPI00556880.1 3 1 3

Itgam IPI00120674.2 20 8 2.5

Cd300a IPI00229340.5 5 2 2.5

Sema4a IPI00875256.1 21 9 2.3

Cd36 IPI00331214.5 3 1 3

Strn IPI00554884.1 4 2 2

Msr1 IPI00128178.1 13 6 2.16

Plxnb2 IPI00405742.6 35 17 2.05

Plxdc1 IPI00828399.1 6 15 0.4

Sema4d IPI00454115.2 26 66 0.39

Bst1 IPI00132279.1 4 12 0.33

Nrp1 IPI00123996.1 7 20 0.35

Fcrl1 IPI00227259.1 2 6 0.33

Ezr IPI00330862.5 4 11 0.36

Plxnd1 IPI00471022.3 3 9 0.33

Ehd4 IPI00318671.2 1 5 0.2

Hyou1 IPI00123342.4 1 7 0.14

Lphn2 IPI00876558.1 3 16 0.19

Dcbld2 IPI00131452.1 1 5 0.2

Dpep2 IPI00275123.3 1 6 0.12

Serpinb9b IPI00119079.6 1 8 0.08

Cd47 IPI00875877.1 0 4 0

Apcs IPI00309214.1 0 4 0

The gene products listed below were altered in abundance by LRP1 gene-silencing at least two-fold in PROCEED preparations, as determined by
summing total spectral counts in the 19 gel slices. Mean spectral counts are shown for LRP1-positive (LRP+) and gene-silenced (LRP1−) cells
(n=3).
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