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Abstract

Proteins that are released from cells consist of those in the extracellular matrix, as well as extracellular
signaling and adhesion molecules. The majority of these extracellular proteins are, however,
unknown. To determine their identity, we have used a proteomics approach to define proteins released
from neurons, astrocytes and neural precursor cells. Using 2-dimensional gels and liquid
chromatography/mass spectrometry technology, it is shown that while astrocytes release a relatively
small number of proteins, neurons and neuronal precursor cells release a larger number of proteins
with more functional diversity. Although there is overlap between the different cell types, the exact
composition of the extracellular protein pool is unique for each cell population. The various subsets
of extracellular neural proteins include those involved in cellular Redox regulation and chaperones.
In addition, many proteolytic enzymes are found outside of the cell. These data show that the
extracellular space within the nervous system has a more diverse protein composition than previously
thought.
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The extracellular environment of the nervous system is created by molecules that are either
actively secreted or shed from the cell surface by proteolytic cleavage. While protein secretion
involves the release of proteins via highly specialized vesicular transport systems, the most
prevalent mechanism for the generation of extracellular molecules is through a process called
shedding in which the ectodomains of transmembrane proteins are released from the cell
surface by cleavage from the membrane (Schubert 1973). Examples of shed proteins include
growth factors such as proTGF-a (Massague and Pandiella 1993), growth factor receptors
(Rose-John and Heinrich 1994), proteoglycans such as Syndecan (Reizes et al. 2006), and
adhesion molecules like amyloid precursor protein (Schubert et al. 1988). The rate of release
of many of these molecules is regulated by growth factors like insulin (Reizes et al. 2006) and
is frequently mediated by metalloproteases (Arribas et al. 1996). Shed membrane ectodomains
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can act as soluble competitive ligands for their membrane-bound counterpart, both in the
context of adhesion and receptor molecules (Hanneken et al. 1995). It follows that secreted
and shed molecules play important roles within the nervous system. This class of molecules
has not, however, been characterized and the identity of most extracellular molecules is not
known. For simplicity, the term “secreted proteins” will be used throughout the text to mean
both shed and vesicle-released proteins.

The innate complexity of proteins synthesized by a single cell type makes it impossible to
determine the expression of all, or even the majority of its intracellular proteins. In contrast,
cells release a much more limited subset of proteins into their extracellular environment. We
have previously examined the complexity of proteins secreted from both neural and mesoderm-
derived cells using standard 2-dimensional gel electrophoresis (2-D gels) and isotopically
labeled proteins (Schubert et al. 1986). It was shown that while the intracellular proteins were
very similar between neural and mesodermal cells, the number of extracellular proteins and
their diversity was much greater with the neural cells than with mesodermal cells such as muscle
and fibroblasts. In addition, unlike nerve cells, the secreted proteins were very similar between
the different mesodermal cell types. It was concluded that much of the protein diversity in the
nervous system is in proteins that are found in the extracellular space. However, at the time of
that publication, the technology was not available to readily determine the identity of this
extracellular protein population. Indeed, no studies have previously identified and compared
secreted proteins from CNS cell populations. We have therefore used 2-D gel and liquid
chromatography/mass spectrometry (LC/MS) technology to identify a subset of extracellular
proteins released by cortical nerve and astrocytes as well as by several clonal nerve precursor
cell populations isolated from the embryonic and adult rat cortex. Of the 200 proteins identified,
itis shown that a large number of proteins with molecular chaperone and antioxidant properties
are secreted, and that distinct subsets of proteins are secreted by nerve, astrocytes, and neural
precursor cells.

MATERIALS AND METHODS

Cell Lines

Cell lines and preparation of secreted proteins—The nerve-like precursor cells B35,
B50, B103 and B104 were cloned from nitrosoethylurea-induced brain tumors (Schubert
1974). The major criterion on which the classification of the nerve cells was made was electrical
excitability and veratridine-stimulated sodium flux. A large number of other markers, such as
cell-surface antigens, are in agreement with the physiology (Schubert et al. 1986). L6 myoblasts
were derived from neonatal skeletal muscle (Yaffe 1968). The clonal adult rat hippocampal
cell line, AHP, was obtained from J. Ray (Salk Institute) (Ray et al. 1993; Taupin et al.
2000). Cells were maintained as described in the original texts.

Homogeneous populations of cortical neurons and astrocytes were prepared by the following
methods. Cortical neurons were isolated from day 18 Sprague-Dawley rat embryos by tryptic
digestion of the tissue. The cells were plated in B27 neurobasal medium (Gibco, Grand Island,
NY) in the absence of serum. This medium does not allow the growth of any type of glia
(Brewer 1997). The cultures were devoid of astrocytes, 02A oligo dendroglia, progenitor cells
and microglia as defined by the absence of immunostaining with glial fibrillary acidic protein
(GFAP) (Chemicon, Temecula, CA) monoclonal antibody, VA2B5 (Chemicon, Temecula,
CA) and Iba-1 (Wako, Richmond, VA), respectively. Cortical cultures were maintained for 12
to 14 days before the collection of the secreted proteins. Astrocytes were prepared from 2-day-
old rats by tryptic digestion of cortical tissue (Liu and Piasecki 2001). The cells were plated
in Alpha-Medium (Gibco) containing 10% fetal calf serum. After reaching confluency, the
cells were dissociated with trypsin and transferred to 100 mm tissue culture dishes in the same
medium. Astrocyte cultures prepared in this manner were devoid of neurons, oligodendrocytes,
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and microglia as defined by immunostaining with anti-MAP-2 (2at 2b) (Sigma, St. Louis, MO),
A2B5 and Iba-1. Serum-free medium was collected 5-7 days after the cultures reached
confluency.

To assay extracellular proteins, cells were washed twice with serum-free Eagle’s medium
(MEM) and incubated in serum-free MEM for 18 hr. The absence of serum for short-term
biosynthetic labeling of cells previously grown in serum does not significantly alter the pattern
of released extracellular proteins (Truding et al. 1975). The supernatants were filtered through
Sephadex G25 to remove salts, and lyophilized. The proteins released into the culture medium
were assayed by 2-D gel electrophoresis.

Two-dimensional gel electrophoresis and mass spectrometry analysis—Because
the type and amount of proteins vary dramatically with the growth state of cultured cells
(Garrels 1979), care was taken to grow and plate cells from the different cell lines under
identical conditions. Exponentially dividing cultures were dissociated and replated at 5 x

10° cells per 100 mm tissue culture plate and the following day serum-free growth-conditioned
media were prepared. The conditioned medium was desalted and lyophilized. One half ml of
8M urea, 4% (w/v) CHAPS, 40 mM Tris and 0.2% Bio-Lyte 3-10 ampholytes (Biorad,
Hercules, CA), and 50 mM DTT were added to the tube. Following centrifugation at 14,000
x g for 10 min, protein amount was determined by the Lowry assay and 200 ug of supernatant
was loaded onto pH 3-10 isoelectric focusing strips (Biorad) and electrophoresed to 60,000
volt-hrs on a Biorad Protean IEF machine. The strip was then applied to the top of an 18 cm
Biorad precast 12% acrylamide gel and electrophoresed at 25 milliamps per gel until the dye
front was at the bottom. Gels were fixed in 50% methanol overnight and silver stained
according to the method of Shevchenko (Shevchenko et al. 1996).

Gel spots from 2-D gels were excised and in-gel digested with trypsin (Shevchenko et al.
1996) and analyzed by liquid chromatography electrospray ionization mass spectrometry (LC-
MS). Briefly, samples were loaded onto a fused silica capillary column (PicoFrit Column, New
Objective, Woburn, MA) packed with reversed phase material (Zorbax C-18, 5 um particle
size, Agilent, Santa Clara, CA). The mobile phase consisted of aqueous 0.1% formic acid (A
Buffer) and 0.1% formic acid in 80% acetonitrile/water (B buffer). Elution was achieved by a
gradient of 5% to 70% B buffer in 65 min at a flow rate of 150 nl/min. The eluant was
electrosprayed into a Bruker Esquire 3000 Plus quadrupole ion trap mass spectrometer (Bruker
Daltonics, Billerica, MA). Spectra were measured for the 3 most intense species in each time
window. For each mass, MS and MS/MS spectra were recorded. After two sets of spectra, the
parent mass was excluded for 1 minute. The complete data set for each gel spot was searched
using the Mascot algorithm (Matrix Science, London, UK) against a recent release of the
nonredundant NCBI database. Only results that gave significant Mascot scores greater than 40
were reported.

The following experiments examine the proteins that are found in the growth-conditioned
medium of cultured nerve, astrocytes, and neural precursor cells. 2-D gels were used with a
broad 3-10 pH isoelectric focusing range in the first dimension and 12% acrylamide gels in
the second dimension. These conditions were chosen to cover the broadest range possible of
isoelectric points as well as to have access to low molecular weight proteins. It is recognized
that the more basic proteins are missing, that the resolution of the high molecular weight
proteins is less than ideal and that very low abundance proteins will not be detected. In addition,
there are several possibilities for the origin of the proteins in this experimental paradigm. These
include the secretion or shedding from cells, cell lysis, or residual serum protein. Since the
identity of the majority of the proteins in the 2-D gels described here is known, as are the most
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abundant serum proteins, a comparison between the two groups of proteins indicates that with
the rare exception of albumin, no serum protein is present. Data were searched against the
NCBI rodent protein sequence database and against the entire mammalian database. Sequence
differences were sufficient to distinguish between rodent and bovine sequences, for example,
in the case of bovine serum albumin originating from culture medium (Mizejewski 1995).

The other undesirable alternative is that the extracellular proteins are the result of cell lysis.
Two sets of data make this alternative unlikely. First, when the profile of extracellular proteins
is compared to that of a cell lysate on 2-D gels, the protein patterns are very distinct. Figure 1
shows 2-D gels of a silver stained cell lysate (A) and secreted proteins (B) from a CNS nerve
precursor cell line called B103. Clearly, the gel patterns are very different. Second, if the 2-D
gel of a cell lysate is stained with silver and allowed to develop for a long period of time, it
becomes black because the gel contains thousands of proteins of lower abundance that
constitute the background of the most abundant 500-1000 proteins that are visible in the more
lightly stained gel. The background proteins become evident over longer developing periods.
In contrast, 2-D gels of secreted proteins can be developed for an extended time without the
appearance of the background stain. Figures 1B, C, and D and Fig. 2 show silver stained gels
of secreted proteins from B103 (Fig. 1B), myoblasts (Fig. 1C) and fibroblasts (Fig. 1D) and
from primary cultures of cortical astrocytes (Fig. 2A) and nerve (Fig. 2B), with minimal
background. While it is unlikely that the extracellular proteins assayed in this study are derived
from cell lysis, we cannot rule out the possibility that some lysis occurs that is detected by the
highly sensitive LC/MS technology. Secreted proteins can therefore be used as a relatively
limited data set to identify physiologically relevant molecules that are associated with the
extracellular space.

Cortical Nerve and Astrocytes

Figure 2 shows silver stained 2-D gels of proteins secreted from astrocytes (A) prepared from
newborn rats after 12 days in culture and from E18 cortical neurons (B) after 12 days in culture.
Proteins were excised, digested with trypsin, and identified by LC/MS. Proteins are recorded
as a solid identification only after three independent LC/MS hits with probability-base Mowse
scores of greater than 40 as determined using the Mascot search algorithm (Pappin et al.
1993;Perkins et al. 1999). Only rarely did the second identification not confirm the first. All
of the proteins discussed in this text are sequentially numbered and identified in supplementary
Table S1. The boxed proteins in the figures are either enclosed for clarity or all of the spots
are the same protein as identified by MS but differ systematically in size due to unknown
secondary modifications, such as glycosylation or phosphorylation. It must also be noted that
many proteins exist in multiple forms, with different molecular weights and isoelectric points.
For example, tumor metastatic protein NM23 is found in six different locations; these are
indicated as NM23a, b, or c, etc. At present, it is not clear if this heterogeneity is due to
proteolysis, secondary modifications, or splice variation. The identification of secreted proteins
from primary cultures of nerve or astrocytes is found in Fig. 3 and supplemental material (Table
S1). Of the 47 nerve and 38 astrocytes secreted proteins that were identified, only 15 are shared
while 23 are unique to astrocytes and over 32 are unique to nerve (Fig. 3).

While the mix of secreted protein from rat astrocytes is both limited in number and quite clean
in the sense that further development of the gel does not reveal additional proteins, the proteins
secreted by cortical neurons are more numerous and varied. Many of the astrocyte secreted
proteins are proteolytic fragments of pro-collagen, with a large amount of secreted acidic
cystein-rich protein (spot 116, Fig. 2A). A significant amount of bovine serum albumin is also
detected (Fig. 2A, boxed A) in the astrocyte preparations and much less from nerve (Figure
2B, boxed A), perhaps because astrocytes are binding and recycling albumin from the culture
medium. In contrast to astrocytes, nerve cells secrete a much more varied set of proteins, but
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only about half of the proteins are very reproducible between preparations. Since the proteins
secreted from primary nerve cultures are more variable in appearance and amount, only the
consistently reproducible proteins from over a dozen independent sets of 2-D gels done with
this cell type are listed in supplementary Table S1 and Fig. 3. These include several heat shock
proteins and a number of enzymes that have historically been considered cytoplasmic proteins.
The possible reason for the appearance of the latter in the extracellular space will be presented
in the Discussion.

In contrast to the very distinct populations of secreted proteins from neuroectoderm-derived
nerve and glia (Figs. 2A and B), the secreted proteins from two mesodermally-derived cell
types, skeletal muscle myoblasts and fibroblasts, are very similar to each other, quite distinct
from nerve and glia, and more limited in number than those from nerve (Figs. 1C and D)
(Schubert et al. 1986). They will not be discussed further.

Protein Secretion from Precursor Populations

Our laboratory has created a set of cell lines that are derived from dividing neural precursor
cells of E16 rats (Schubert et al. 1974). Of the approximately 100 cell lines, five have a
phenotype that is more nerve-like than the others, with the major criteria being that they are
capable of making neurotransmitters and generating action potentials (Schubert et al. 1974).
They also express several nerve-specific cell surface markers (Stallcup and Cohn 19764, b;
Schubert et al. 1986). To gain some insight into the nature of the extracellular proteins derived
from nerve-like precursor cells, the extracellular protein profile of four of these cell lines was
examined along with that of a rat adult hippocampal nerve-glial precursor cell line called AHP
(Ray et al. 1993). The AHP cells are capable of differentiating into both nerve and glial cells,
while the other clonal cell lines have a more limited differentiation potential toward nerve. It
should be pointed out, however, that these cells are distinct from embryonic stem cells and are
limited in their differentiation pathways to nerve and glial populations.

To examine the proteins from the E16-derived CNS cells, we ran 2-D gels of the four nerve-
like cell lines individually, and also mixed the supernatants from the four lines together to
create the master gel shown in Supplemental Fig. S1. All but a few of the proteins in this master
mix were identified by LC/MS and are listed in supplementary Table S1. Within the pH and
molecular weight range on the 2-D gels that we are using, there are approximately 150 proteins
in the combined CNS cell line supernatants with each cell line secreting around 100 proteins
(Tables 1 and S1).

Figure S2 shows a 2-D gel of the proteins secreted from the AHP precursor cell line, and the
overlap in proteins between AHP and nerve and glia is shown in Fig. 4. The Venn diagram
indicates that AHP is more related to nerve than to astrocytes. Table 1 is a matrix in which the
number and percent of secreted proteins in common from each cell population is compared
against all others. The total number of identified proteins is shown horizontally across the top,
and the number of shared proteins indicated in the columns. In parentheses is the percent of
total proteins in the cell line at the top that is shared with each other cell type. These data show
that the proteins secreted by the CNS cell lines are more similar to each other than to cortical
nerve, astrocytes or AHP cells. They are, however, more similar to the well characterized CNS
precursor cell line AHP and primary nerve than to astrocytes. It should also be noted that the
total number of proteins secreted by astrocytes (less than 50) is lower than that secreted by any
of the neuronal precursor lines. The specificity of the LC/MS data was confirmed by western
blotting of the secreted proteins from four different cells with antibodies to four different
proteins (Fig. S3).
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Functional Analysis of Secreted Proteins

The above data show that among a collection of proteins secreted by primary nerve and glial
cells, four CNS nerve-like precursor cell lines, and a nerve-glial precursor cell line, over 250
unique protein spots are resolved on 2-D acrylamide gels. Of these, about 200 have been
identified by mass spectroscopy. However, since many of the extracellular proteins exist as
multiple molecular weights and isoelectric points, there are only 109 distinct proteins within
the larger group. To clarify the potential functional role of these molecules, the 109 proteins
were separated according to their known biological activities. The listing of all of the secreted
proteins is shown in Supplemental Table S2, along with a description of their known function.
The functional grouping is summarized in Fig. 5.

The major group of extracellular proteins contains, as expected, proteins involved in cell-cell
interactions, many likely derived from membrane shedding. Molecular chaperone proteins and
Redox proteins were also abundant and are grouped together because they frequently have
similar biological roles. The most surprising groups of proteins found outside the cell are those
involved in carbohydrate metabolism and the proteasome subunits. This observation has been
made on a limited scale before, and its implications will be addressed in the Discussion. There
are smaller subsets of secreted proteins involved in lipid, nucleotide and neurotransmitter
metabolism. One of the smallest groups of extracellular proteins is that of structural proteins,
which are the most abundant in amount within the cell. The lack of significant amounts and
spot intensity for these proteins in the 2-D gels is a further argument that cell lysis does not
contribute significantly to our analysis.

DISCUSSION

Despite the fact that extracellular proteins mediate cell migration and differentiation within the
developing nervous system, there has been no systematic study of the proteins found in the
extracellular space, thus limiting our understanding of both the identity and function of this
important class of molecules. From this initial study of identifying a subset of secreted proteins
made by CNS astrocytes, nerve and nerve precursor cells, we can make the following
conclusions about both their composition and biological function: 1) Cortical nerve and glial
cells each secrete a unique set of proteins as well as a more limited subset that are shared
between the two cell types. 2) The number and variability of the secreted proteins from nerve
and neural precursor cells is greater than glia. 3) The number of proteins secreted from a
pluripotent CNS precursor cell line are more similar to cortical nerve than glia. 4) The
composition of the secreted proteins contains some unexpected molecules, such as protein
molecular chaperones, proteasome subunits, and metabolic enzymes. The biochemical function
of the classes of secreted proteins allows us to identify new roles for the extracellular space
within the nervous system. It should be pointed out, however, that the technology used in this
report only identified a subset of secreted proteins. Clearly, proteins such as growth factors
have been missed because of low abundance and their basic isoelectric points.

The only systematic studies of extracellular proteins among the cell types of the brain are our
work published over 20 years ago before the advent of MS technology to identify proteins, and
a more recent identification of some proteins released by cultured astrocytes (Schubert et al.
1986; Lafon-Cazal et al. 2003; Kim et al. 2007). While we could not identify proteins in our
initial study, we were able to demonstrate that cells from the CNS secreted a greater number
of proteins than mesoderm derived cells and that among the CNS cell lines examined there
was extensive overlap between the sets of proteins secreted, with about 15% of the proteins
being distinct between pairs of cell lines. Similar results were obtained in the present study
with the E-16 nerve-like precursor cells. However, when the secreted proteins from primary
cultures of astrocytes, nerve, and CNS precursor cells are included in the data set, the data are
more interesting. Assuming the AHP cells are bona fide nerve/glia precursors, then it is quite
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clear that the CNS cell lines that were derived from transformed E16 rat embryos are more
similar to the AHP precursor cells than to astrocytes (Table 1). The secreted proteins from both
E16 and adult hippocampus precursor cells are more similar to nerve than to glia, and have a
greater number of unique proteins than glia. It is therefore likely that both the E16 cortical cell
lines and AHP cells are both more related to nerve than glia.

Many of the secreted proteins fall into the family of multifunctional stress proteins that assist
in the assembly and folding of other proteins, the molecular chaperones. These proteins are
classically thought to mediate peptide folding, signaling, chaperoning and cytoprotection
inside cells. However, recently within the immune system, classical chaperones such as HSP70
were established as extracellular immunomodulators and have been linked to inflammation,
antigen presentation and the stimulation of cell division (Asea 2005). It is shown here that these
proteins are found outside the cells of the nervous system. A less classical group of chaperones
that are abundant in the secreted milieu of nerve and glia are members of the thioredoxin family.
These include thioredoxin 1, protein disulfide isomerase, and macrophage migration inhibiting
factor (MIF), a classical pro-inflammatory cytokine (Nakamura 2008). In contrast to MIF,
thioredoxin is anti-inflammatory, an antioxidant, and reduces disulfides in oxidized proteins.
Thioredoxin (Trx) is also released from glial cells during ischemia (Tomimoto et al. 1993) and
exogenous Trx has been shown to be neuroprotective in both in vitro and in vivo nerve cell
models (Hori et al. 1994; Andoh et al. 2002; Inomata et al. 2006). Peroxiredoxins (Prx) are
peroxidases that reduce HoO5 and organic hydroperoxides using reducing equivalents supplied
by Trx, and systemically administered recombinant Prx5 can protect against excitotoxic brain
lesions in newborn mice (Plaisant et al. 2003). Thus the coordinated secretion of thioredoxin
and related family members from both neurons and astrocytes may play a key role in
detoxifying extracellular oxidants and regulating Redox-sensitive proteins that are also
secreted or reside on the cell surface. For example, most cell surface receptors and many growth
factors have extensive intramolecular disulfide bonding (Sun and Davies 1995), and the
presence of this reductases in the extracellular space may be required to maintain the function
of these proteins.

The study with cultured rat astrocytes identified over 30 secreted proteins using an approach
similar to ours; many of these proteins were also found in our study (Lafon-Cazal et al.
2003). A curious observation is that both studies identified a number of “housekeeping”
proteins, such as lactate dehydrogenase, creatine kinase, and malate dehydrogenase among the
milieu of secreted proteins. This observation and the fact that proteins like the intermediate
filament protein vimentin, are also actively secreted (Mor-Vaknin et al. 2003), may be a
reflection of the selective release of a subset of internal cellular contents via exosomes, which
are vesicles containing a variety of cytoplasmic proteins that are deposited outside the cell
(Tytell 2005). As with secreted proteins in general, the role of exosomes in the release of
proteins from cells of the nervous system has not been studied.

In addition to proteins involved in energy metabolism, another subset of extracellular proteins
is proteasome subunits. Proteasomes may be removed by the cell along with other damaged
proteins via exosomes. It should be noted that proteasomes have been found in the blood and
elevated levels are associated with several types of cancers (Stoebner et al. 2005). In some
cases, serum proteasome concentration varies with the disease state and can be used as a
prognostic factor for survival (Jakob et al. 2007). Proteasomes secreted from cells may have
some physiological function, for it has been observed that during the differentiation of
leukocytes there isadecrease in cytoplasmic and nuclear proteasomes and an increase in plasma
membrane-associated proteasomes along with the secretion of proteasome subunits (Lavabre-
Bertrand et al. 2000). These observations support the notion that the secreted proteins identified
in cultured cells reflect those that are released from cells in vivo. However, except by studying
the distribution of each protein in the animal, one cannot state with certainty that there is a one
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to one correlation of protein secretion in vitro and in vivo. Indeed, this may not be expected
because much of the secretion must be physiologically regulated.

In summary, these data show that cells from the central nervous system secrete a mixture of

proteins that is both diverse in structure and function and different in composition than many
would have been predicted. In addition to adhesion and antioxidant proteins such as glutathione
S-transferases and peroxiredoxins, cells release enzymes involved in intermediary metabolism
and proteolysis. However, the repertoire of secreted proteins is unique for each cell type and
represents a distinct set of molecular identifiers for individual phenotypes within the nervous
system.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.

Total cell lysate (A) and secreted proteins (B-D) from three cell lines. Two hundred
micrograms of protein were run on 2-D gels according to procedures in Materials and Methods
stained with silver, and developed for the same length of time. A) B103 nerve-like cell line,
cell lysate. B) B103 secreted. C) L6 myoblasts secreted. D) RAT 1 fibroblasts secreted.
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Secreted proteins from primary cultured cortical astrocytes (A) and nerve (B). Two hundred
micrograms of protein was electrophoresed on 2-D gels and stained with silver. The numbered
proteins are identified and defined in the text (Fig. 3 and Supplementary Table S1). Boxed A

is bovine serum albumin.
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Nerve only Astro + Nerve Astro only
Spot No. |Protein Spot No. Protein Spot No. Protein i
2 Macrophage migration inhibitory factor beta chain (a) 63 Pyrroline-5-carboxylate reductase 36 INM 23 (c)
10 [Thioredoxin (b) 73 Heat Shock 8 42 INM 23 (e)
15 Fatty acid binding protein 5 78 Dimethyl arginine hydroxylase 2 43 INM 23 (f)
31 Tumor ic protein NM 23 (a) 101 GAPDH 45 Phosphatidy| ethanolamine BP
33 Expressed in non-nm ic cell protein 1 103 Malic dehydrogenase 102 |Aldose reductase
40 Peroxiredoxin 2 (a) 124 Creatine kinase (b) 106 |LDH chain M (b)
46 Methylglyoxylase 1 137 Dihydropyrimidinase 3 (frag) 116 |Secreted acidic cysteine rich protein
49 DJ1 141 HS 70 (b) 127  |[Enolase 1 alpha (a)
53 Peroxiredoxin 2 (d) 156 [Transketolase 135  |Procollagen C-proteinase enhancer protein
58 |Proteasome beta3 157 Elongation factor 2 146  [Triosephosphate isomerase (c)
61 Proteasome « type 2 159 B actin 185  |Follistatin related protein 7
62 [Triosephosphate isomerase (a) 168 GDP dissociation inhibitor 1 (a) 186  |Nonmuscle alpha tropomysin
75 [Tyrosine hydroxylase (a) 169  LOC433182 protein 187  |Procollagen type 3 (frag) (a)
85 Proteasome _alpha 1 182 Glucose-regulated protein precursor (b) 188  |Procollagen type |, alpha 2 (frag) (a)
96 Pro-collagen 7a1 183 HS 90 189  |Procollagen type |, alpha 2 (frag) (b)
104  |LDH chain M (a) 190  |Procollagen type |, alpha 2 (frag) (c)
111 [Transaldolase 191 |Procollagen type |, alpha 2 (frag) (d)
133 Prolyl-4-hydroxylase 192 |Lumican (proteoglycan
134  |Heat shock 70 (HS70) (a) 193 |Procollagen type |, alpha | (frag)
150  |M2 pyruvate kinase 194  |Procollagen type |, alpha 2 (frag) (e)
151 Lamin receptor 1 195  |Procollagen C protease
155  [Thioredoxin reductase 1 Nerve 196 |Protein disulfide isomerase
163  |Proteasome subunit o 3 + 197 _ |Ser/Cys protease inhibitor F1
164  |Presenilin-2
172 |Aldolase 3 Astro
173 |Aspartate aminotransferase (a) ‘I 5
174  |Aspartate aminotransferase (b)
178  |Dihydropyridinase-2
179  |Proteasome alpha 4
180  |Serine Protease 27
181 Platelet-activating factor acetylhydrolase
184 ER ATPase p97

Fig. 3.

Venn diagram and list of proteins secreted from primary cultures of rat cortical nerve and
astrocytes. The identified proteins shown in Fig. 2 were compared between nerve and glia. Of
the 47 identified secreted nerve and 38 secreted glial proteins (85 total), only 15 overlapped in

expression.
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Astro only

| Spot No. | Protein
36 NM 23 (¢
102__| Aldose reductase
116 Secreted acidic cysteine rich protein
185 | Follistatin related protein 7

186 Nonmuscle alpha tropomysin
87 Procollagen type 3 (frag) (a)

i
88 rocollagen type |, alpha 2 (frag) (a)
89 Procollagen type |, alpha 2 (frag) (b)

(
(
0 rocollagen type |, alpha 2 (frag) (c)
Procollagen type |, alpha 2 (frag) (d)
Lumican (proteoglycan)

9 Procollagen type |, alpha [ (frag) | |
194 rocollagen type |, alpha 2 (frag) (e
195 Procollagen C protease

196 Protein disulfide isomerase |
197 Ser/Cys protease inhibitor F1

Astro + Nerve

Spot No. | Protein

78 Dimethyl arginine hydroxylase 2

182 Glucose-regulated protein precursor (b)

183 HS 90

% Astro + AHP + Nerve

Spot No. | Protein

63 Pyrroline-5-carboxylate reductase
73 Heat Shock 8
01 GAPDH

03 alic dehydrogenase
24 Creatine kinase (b)

37 Dihydropyrimidinase 3 (frag
b)

41 HS 70 (

56 Transketolase

57 Elongation factor 2
59 { actin

168 GDP dissociation inhibitor 1 (a)
169 LOC433182 protein

Fig. 4.

AHP + Astro
Spot No. | Protein
42 NM 23 (€)
43 NM 23 (f)
45 Phosphatidyl ethanolamine BP
106 LDH chain M (b)
127 Enolase 1 alpha (a)
135 Procollagen C-proteinase enhancer protein
146 Triosephosphate isomerase (c)

Astro

16

Nerve -+

Astro 1 2

Astro
+
AHP AHP

(4 24

Astro %
+
AHP
AHP
Nerve T

Nerve

Page 14
AHP only
Spot No. | Protein
25 Guanine nucleotide BP B2
48 Peroxiredoxin 2C
55 GST - P2 (a)
66 HS 27

68 ER p29 (a)

98 Alpha dystroglycan 1 (frag) (a)

119 Phosphoglycerate kinase 1

120 Gamma-actin

123 Creatine kinase (a)

136 Procolagen C protease enhancer protein (b,

14-3-3 gamma (d)

GST-p12 (b)

b4 [ pa

Tubulin alpha 3

F-spondin

5
6 GST YfyfA
62 Inositol phosphatase

6 Phosphatidyl inositol transfer protein alpha

66| ER p29 (d)

167 Retinoblastoma binding protein

70 Transaldolase

7 Triosephosphate isomerase 1 (b)

76 Alpha fetoprotein (a)

77 Alpha fetoprotein (b)

AHP + Nerve

3 Spot No. | Protein
2 Macrophage migration inhibitory factor beta chain (a)
15 Fatty acid binding protein
33 Expressed in non-metastatic cell protein 1
Nerve 40 Peroxiredoxin 2 (a)
49
10 53 Peroxiredoxin 2 (d)
58 Proteasome beta 3
61 Proteasome alpha type
62 Triosephosphate isomerase (a)
75 Tyrosine hydroxylase (a)
Nerve Only 104 LDH chain M (a)
Spot No. | Protein 111 Transaldolase
10 Thioredoxin (b) = 133 Prolyl-4-hydroxylase beta
1 Tumor metastatic protein NM 23 (a) 134 Heat shock 70 (HS70) (a)
46 Methylglyoxylase 1 151 Lamin receptor 1
5 Proteasome_alpha 1 65 Thioredoxin reductase 1
96 Pro-collagen 71 3 Proteasome alpha 3
50 2 pyruvate kinase 4 Presenilin-2
79 Proteasome alpha 4 2 Aldolase 3
0 Serine Protease 27 73 Aspartate aminotransferase (a)
i Platelet-activating factor acetylhydrolase 174 Aspartate aminotransferase (b)
4 ER ATPase p97 178 Dihydropyridinase-2

Venn diagram showing the overlap of secreted proteins between cortical neurons and astrocytes
and the AHP neural precursor cell line. This figure shows that in the context of extracellular
proteins, the AHP cell line is more closely related to nerve than astrocyte.
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Fig. 5.
Pie chart of secreted proteins according to function.
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