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Research Tools for Stem Cell
Neurobiology

Research techniques are continually evolv-
ing, opening doors for novel approaches in
the study of stem cells.Having quality tools to
manipulate, expand, and maintain stem/pro-
genitor cells is of critical importance for
researchers. R&D Systems offers a wide
selection of research tools to facilitate the dif-
ferentiation, characterization, and isolation of
neural stem cells.

Stem Cell Marker Antibodies
= ABCG2

= A2B5

= Blll-Tubulin (Tuj1)

= [slet-1

= Nestin

= Notch 1,2

= Nucleostemin

= Oligodendrocyte Marker O1, 04
= Otx2

= Pax 6,7

= SSEA-1

= Sox2

= Tenascin C

= Tenascin R

FIGURE 1. Detection of Nucleostemin in the nucle-
oli of human U20S cells using R&D Systems' goat
anti-Nucleostemin affinity-purified polyclonal anti-
body (Catalog # AF1638). Cells were stained using
Rhodamine Red-conjugated donkey anti-goat IgG
secondary antibody and counterstained with Fluoro
Nissl (green).

Please visit www.RnDSystems.com/StemCell
for a complete listing of stem cell products.

Representatives from R&D Systems will be
available at the annual Society for
Neuroscience meeting in San Diego, CA.
Please visit our booth (#4902) and attend
our workshop entitled Ex Vivo Culture of
Neural Stem Cells. The workshop will focus
on how neural stem cells can be expanded
in vitro, and how culture conditions may
affect proliferation and lineage selection.

Tenascin-C & SVZ Stem Cells

The extracellular matrix (ECM) is a general term for noncellular materials that provide cohe-
sion and support to the general organism.While the most common fibrous components of
the ECM are the Collagens (20 different varieties), some of the more unique and intriguing
molecules are the Tenascins.' Tenascins make up a small family of matrix molecules that con-
tain repeating EGF-like and fibronectin type Il modules.* Tenascin is an amalgam of two
Latin words, tenere: "to hold," and nasci: "to be born.” The molecule was independently
described as present in both tendons (to hold) and embryonic connective tissue (to be
born).’ Tenascin-C (TN-C) is synthesized as a 2019 amino acid precursor with an N-terminal
"Tenascin assembly domain," 13 full EGF-like modules, and 14 type Il fibronectin-like
domains. The assembly domain directs the formation of a disulfide-linked homohexamer
(or hexabrachion) with six "arms." The molecule has 64 potential alternate splice forms, all
based on the presence or absence of fibronectin domains 6 to 11 (otherwise called A1, A2,
A4, B,C,and D). In mouse brain, there are 27 known isoforms.z*

Tenascins are of interest because of their unusual effects on cells. While matrix molecules
often provide a framework for cell spreading, adhesion, and/or growth factor storage, TN-C
would seem to inhibit cell adhesion, while promoting mitosis (and cell migration under cer-
tain circumstances).’ In the nervous system, interest in TN-C has focused on its regulation
of stem cell development in the subventricular zone (SVZ) of the brain. In the neonatal
mouse, the SVZ is one of at least two areas known to contain neural stem cells.? In this
region, there are four functionally differ-
ent cell types: Ependyma, type A
cells/neuroblasts, type B cells/SVZ astro-
cytes, and type C cells/immature
precursors. The type B cells/SVZ astro-
cytes are believed to be neuronal stem
cells. These cells divide and give rise to
type C cells/immature precursors, which
then "mature” into type A cells/neuro-
blasts.’ Various soluble mediators in this
stem cell niche drive the production of
the different cell types. Normally, early
stem cells first respond to FGF basic by
proliferating and upregulating the
expression of the EGF receptor (EGF R).
These cells often become glia. These
processes are blocked by BMP-4.°Inthe - 1GURE 1. In a process inhibited by BMP-4, SVZ astro-
absence of TN-C, BMP-4 would seem to  cytes respond to FGF basic with an upregulation of EGF R
predominate and promote neuronal andashift toward glial fate. TN-C may enhance FGF basic

development. Type B cells/SVZ astro- sensitivity and decrease sensitivity to BMP-4, thus pro-
moting this developmental progression.

EGF R

FGF basic svz
—— Astrocytes

cytes, however, are believed to make
TN-C.When TN-C is secreted, it apparently interferes with BMP activity, again promoting an
EGF R phenotype (Figure 1).”"" Thus, an extracellular matrix molecule may well play a cen-
tral and autocrine role in growth factor-induced neuro- and gliogenesis."
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NGF R/p75"™: Multiple interactions underlie complex functions

The neurotrophins (NGF, BDNF, NT3, and NT4) are a family of proteins that mediate their
effects by binding to the Trk receptors A through C, and NGF R/p75"™. The Trks are well-
described tyrosine kinases known for their roles in cell survival, synapse formation, synaptic
plasticity, and axon guidance."? NGF R is a biochemical, structural, and physiological outlier
among the neurotrophin receptors. Unlike the Trks, NGF R exhibits little selectivity for indi-
vidual neurotrophins. It also has no intrinsic tyrosine kinase activity. In fact, it is a member of
the tumor necrosis (TNF) superfamily (TNFRSF16). The cytoplasmic portion of the receptor
contains a death domain and the extracellular region exhibits a tandem array of cysteine-
rich domains characteristic of the TNF receptor family. The crystal structure of NGF bound
to NGF R has recently been determined and suggests that the complex exists in a 2:1
stoichiometry, unlike the dimeric form of NGF bound to TrkA.>*

NGF R has remarkable functional diversity due to its array of putative ligands and co-receptors
(Figure 1).Whether NGF R is an inducer of apoptosis or survival is highly context-dependent.
For instance, co-expression of Trks with NGF R can change the effect of a neurotrophin from
pro-apoptotic to pro-survival.® Interaction between NGF R and Trks may also enhance recep-
tor selectivity for a particular neurotrophin.® Neurotrophins are synthesized in a pro form
and are cleaved to produce the mature protein. Although capable of binding the mature
protein, recent evidence suggests that some NGF R effects may be mediated by the pro-
neurotrophin. Pro-NGF is an effective inducer of NGF R-mediated apoptosis in vitro, and
similar activities have been described in in vivo systems as well.”'® Recently, Sortilin, a vesic-
ular sorting protein and Neurotensin receptor, has been implicated as an NGF R co-receptor
necessary for pro-NGF-mediated apoptosis."

Interestingly, NGF R appears
to act as a receptor or co- NT

Neurotrophic/Growth Factors
& their Receptors

R&D Systems offers a broad array of products
for the study of neurotrophic and growth
factors and their receptors in various animal

models.

: Pro-NT
receptor for several ligands B SA@;
Tl
that are unrelated to the neu- * Nogo

rotrophin family. For instance,

NGF R/p75'™

m / ‘ 1 Lingo-1

NGF R binds several pathology-

Nogo R &
associated proteins/peptides RVG —
including amyloid B (Ap) e 4

g Yy ’ m-—: § ¥
rabies virus glycoprotein =P Cell Surface
RVG), and prion peptide , ~
EP ) ?2 A dpP o pep . Apoptosis 1 H '/_\ ]NTls =% | Neurite

rP).” AB and PrP appear to R fT)\\ pecificity  outgrowth

affect cell survival although < sunival
the physiological importance
of this activity continues to be
elucidated.”" Myelin proteins
including MAG, OMgp, and Nogo inhibit neurite outgrowth and may play a role in prevent-
ing regeneration following injury.” Their receptor, Nogo R, has no known signaling capability.
It has been demonstrated that NGF R acts as a Nogo R co-receptor, mediating inhibitory
effects on neurite outgrowth."” Recently, Lingo-1, a novel brain-specific transmembrane pro-
tein, has been identified as an additional component of the NGF R/Nogo R receptor complex,
and is necessary for myelin inhibition of neurite growth."

FIGURE 1. The many functions of the NGF R/p75"™ are requlated
by novel interactions with several different ligands and co-receptors.
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LIGANDS BINDING PROTEINS RECEPTORS
Artemin GFRa-1
GDNF GFRa-2
Neurturin GFRa-3
GFRa-4
Ret
BDNF NGFR
f-NGF TrkA
NT-3 TrkB
NT-4 TrkC
CNTF CNTF Ra
gp130
LIFR
EGF EGFR
Neuregulins ErbB2
ErbB3
ErbB4
FGFs FGF-BP FGFR1
FGF R2
FGF R3
FGF R4
FGF R5
IGF-I ALS IGF-IR
IGFBPs
PDGF-AA PDGF Ro.
PDGF-AB PDGF R}
PDGF-BB
PDGF-CC
PDGF-DD
VEGF Neuropilin-1
VEGF-B Neuropilin-2
VEGF-C VEGF R1
VEGF-D VEGF R2
VEGF R3

Please visit our website at
www.RnDSystems.com for more information.

For research use only. Not for use in diagnostic procedures. Not for use in humans.



©. Neuroscience Research Reagents

ANALYTE PROTEIN | ANTIBoDY | ELISA/ | PRIMER ANALYTE PROTEIN | ANTIBoDY | EL'SA/ | PRIMER
A2B5 HMR Ch DLL4 HM M

Activin A HMR HMR H EGF HM H H
Activin AB H EGF R H HM H
Activin B H Endocan H HM

Activin C HM EphA1 H H

Activin RIA H H EphA2 M M

Activin RIB H HM EphA3 M M

Activin RIIA H H EphA4 M M

Activin RIIB H H EphA5 R R

Adiponectin HM HM HM EphA6 M M

Agrin R R EphA7 M M

AgRP H HM H EphA8 M M

ALK-1 HM HM EphB1 R R

ALK-7 R R EphB2 M M

Artemin M M EphB3 M M

BACE-1 H H HM EphB4 M M

BACE-2 HMR EphB6 M M

BDNF H H H Please visit www.RnDSystems.com for Ephrins.
BMP-1 H ErbB2 H H H
BMP-2 H H HMR ErbB3 H H H
BMP-3 H H ErbB4 H H H
BMP-3b H H FGF acidic HB HB H
BMP-4 H H H FGF basic HB HB H
BMP-5 H H H FGF R1 H H

BMP-6 H H H FGF R2 HM HM

BMP-7 H H H FGF R3 HM HM H
BMP-8 H FGF R4 H H

BMPR-IA HM H FGFR5 3 M

BMPR-IB HM HM FGF-3 H H

BMPR-II H H FGF-4 H H H
p-Catenin HMR H FGF-5 H H
CHL-1/L1CAM-2 HM FGF-6 H H H
Chordin M M FGF-8 M HM
Chordin-Like 1 H FGF-9 H H H
CNTF HR HR HR FGF-10 H H

CNTF Ra HR HR FGF-11 H

Collagen | RB FGF-13 H

Collagen IV M FGF-16 H H

Contactin-1 H H FGF-17 H H

Contactin-2 H FGF-19 H H

Contactin-4 H FGF-BP R HR

Cripto M M Fibronectin HB

Cripto-1 H H Frizzled-1 HM

Cryptic H HM Frizzled-2 M M

DAN HM HM H Frizzled-3 HM

DCC* M M Frizzled-4 M HM

Desert Hedgehog M Frizzled-5 H H

Dkk-1 HM H Frizzled-6 M

Dkk-3 HM Frizzled-7 HM

Dkk-4 H H Frizzled-8 M M

KEY |

H Human R Rat A Amphibian Ca Canine Ns Species Non-specific

M Mouse Porcine B Bovine Ch Chicken Zebrafish
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Product table continued on page 6

ANALYTE PROTEIN | ANTIBoDY | ELISA/ | PRIMER ANALYTE PROTEIN | ANTIBoDY | EL'SA/ | PRIMER
GDF-1 M Laminin | M

GDF-3 M LAP (TGF-f1) H H

GDF-5 M M Latent TGF-B1 H H

GDF-6 M Latent TGF- bp1 H

GDF-7 M M MAG R R

GDF-8 M M NCAM HMR
GDF-9 M NCAM-L1 H H

GDF-11 H Neogenin* M M

GDF-15 H H Nestin H HMR
GDNF HR H H Netrin-1* M Ch M Ch

GFAP HMR Netrin-2* Ch Ch

GFRo-1 HR HR Netrin-4* HM H

GFRa-2 HM HM Netrin-G1a* M M

GFRa-3 H H Neuropilin-1* R R

GFRo-4 HM Neuropilin-2* R HR HMR
gp130 HM HM H Neurotrimin H

Gremlin M M Neurturin HM HM

Growth Hormone H HR B-NGF HMR HR HR HMR
Growth HormoneR | HMR HMR NGF R/TNFRSF16 HM HM HMR
Hip M M Nodal M M

IGFBP-1 HM HM H Noggin M M

IGFBP-2 HM HM HM Nogo R HM HM

IGFBP-3 HM HM HM Nope M M

IGFBP-4 H H H Notch-1 R

IGFBP-5 HM HM M Notch-2 R R

IGFBP-6 HM HM HM Notch-3 HM HM

IGFBP-rp1 H H NrCAM H

IGF-I HM HM HM NRG-1-a H H

IGF-IR H H H NRG-1-f1 H H H

IGF-II HM HM M NRG-3 M

Indian Hedgehog M M NT-3 H H H

Insulin HMB NT-4 H H H

Insulin R H H OCAM M

Integrin a.2 HM Oligodendrocyte HMRCh

Integrin a3 H Marker O1

Integrin a4 H Oligodendrocyte HMR Ch

Integrin a.5 HM Marker O4

Integrin a6 HMB Otx2 H

Integrin aE M Parkin H

Integrin aM HM PDGF H H

Integrin aV H PDGF Rau HM HM H
Integrin aX H PDGF RB HM HM H HMR
Integrin 31 H PDGF-A HM
Integrin 32 H PDGF-AA HR HR H

Jagged 1 R HR PDGF-AB HR HMR

Jagged 2 H PDGF-B H H
Kallikrein 8 H H PDGF-BB HR H H

KGF/FGF-7 H Ca H H PDGF-C M HM

Kremen-1 M M PDGF-CC H

Kremen-2 HM PDGF-D H

KEY |

H Human R Rat A Amphibian Ca Canine Ns Species Non-specific

M Mouse Porcine B Bovine Ch Chicken Zebrafish

For research use only. Not for use in diagnostic procedures. Not for use in humans.



Wnt-5a

ANALYTE PROTEIN | ANTIBoDY | ELISA/ | PRIMER
Presenilin-1 H H

Presenilin-2 H

Prolactin HM HM

Prolactin R HMR HR

RAGE HMR HMR H

Resistin M HM HM

Ret HM HM

ROBO1 R

S100B H

SAP HR

Semaphorin 3A H H

Semaphorin 3C M

Semaphorin 6A H HM

Semaphorin 6B H

Semaphorin 6D H

Semaphorin 7A M

sFRP-1 H H

sFRP-2 M

sFRP-3 HM HM

sFRP-4 H H

Sonic Hedgehog HM HM M

SOST HM HM

Synuclein-a. H

TGF-B1 H Ns HMR HM
TGF-B1.2 H Ns

TGF-B2 H Ns H H
TGF-33 H Ns H HMR
TGF-B5 Ns

TGF-B RI M M HMR
TGF-B Rl HM HM

TGF-B Rilb H H

TGF-B RIll H H

TrkA HR H

TrkB HM HM

TrkC HM HM

TSG M M

UNC5H1* R

UNC5H2* R R

UNC5H3* H H

UNC5H4* H H

VEGF HMRCaZ HMR HMR HM
VEGF R1 HM HM HM HM
VEGF R2 HM HM HM HM
Wnt-1 M

Wnt-3a M M

Wnt-4 M

Wnt-5a M M

Wnt-10b M

*These products are covered under one or more patents held by the Regents of the University of California.

The Wnts are a family of glycoproteins with several putative func-
tions in the nervous system including regulating pattern formation,
cell growth, neural crest development, synapse formation, axon
guidance, and neurodegenerative disease.”> Wnt signaling cas-
cades include the canonical Wnt/p-Catenin pathway leading to
B-Catenin accumulation, and the non-canonical Wnt/Ca* pathway
accompanied by intracellular Ca* release.* Wnt-5a, specifically, acts
via the Wnt/Ca** pathway, and in several contexts may suppress
canonical signaling.’ Functionally, it may regulate gastrulation, limb
development, AP axis extension, hematopoiesis, and tumor inva-
siveness.®® In the nervous system, it has putative roles in
dopaminergic differentiation and pituitary organogenesis, and is
expressed by several brain tumor types.'*"
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A B FIGURE 1. Silver-stained

12% SDS polyacrylamide gel
75kDa — showing R&D Systems’ (A)
! recombinant mouse Wnt-3a

50 kDa — 55 kDa — protein (Catalog # 1324-WN)
and (B) recombinant mouse
i —_— Wnt-5a (Catalog # 645-WN)
©2wa- | 43kDa — under reducing conditions.
36 kDa —
25kDa — ,F_ } 20 kDa —
¥

25

Absorbance (405 nm)
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FIGURE 2. Wnt-3a and Wnt-5a have opposing effects on alkaline phos-
phatase (AP) expression in MC3T3E1 pre-osteoblasts. Wnt-3a enhances BMP-2
(5 ng/mL) induced differentiation in a dose dependent fashion (black). BMP-2 is
added at 5 ng/mL and causes a minimal increase in AP on its own at this con-
centration (purple) as compared to untreated (red) cells. Wnt-5a diminishes the
ability of Wnt-3a to induce AP expression in a dose dependent manner (blue).
Wnt-3a added at 20 ng/mL and BMP-2 at 5 ng/mL (green) results in significant
AP expression that is reduced with increasing amounts of Wnt-5a.
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Whnt Signaling in Commissural Axon Guidance

During development, neurons respond to attractive and repulsive guidance cues in the
extracellular environment. Commissural axons of the dorsolateral spinal cord take a trajec-
tory toward the floor plate, traverse the ventral midline, and then turn sharply along the
longitudinal axis toward the brain (Figure 1).'? Attractive guidance cues, such as Netrin-1
and Shh, and repulsive cues such as BMP-7 and GDF-7, are responsible for their initial ven-
tral growth.>* As the axons cross the midline, they no longer respond to chemoattractants
and instead become responsive to several chemorepellents.These chemorepellents, includ-
ing Slits, Semaphorins,and Ephrins, stop axons from re-crossing the midline and guide them
into the anterior-posterior axis.?

What are the factors that influence this sharp turn in the anterior direction? In a test of can-
didate molecules such as HGF, FGFs, BMPs, Wnts, and Shh, Lyuksyutova et al. demonstrate
that only the Wnts (-1,-4,-5a,-6,and -7b) stimulate the extension of axons that have crossed
the midline.* However, none were capable of influencing the outgrowth of "pre-crossing"
commissural axons. Wnt expression patterns, as detected by in situ hybridization in mouse
embryos, indicate that Wnt-4 exhibits a decreasing anterior-posterior gradient along the
floor plate at developmental stages necessary to influence the turning of commissural
axons (Figure 1).° Wnt-5a and -7b also show expression in the spinal cord in regions where
commissural axon turning occurs, but
without a perceivable gradient. In addi-
tion, Wnt inhibitor molecules such as

o sFRP-1,-2,and -3, block the growth effect

of Wnt-4 on "post-crossing” commissural

L axons, and severely impair anterior turn-
ing after midline crossing.®

o A role for Wnts in the anterior-posterior

guidance of commissural axons is further

._ supported by experiments involving the

3 Wnt receptors: the Frizzled family and the

o LRP6 co-receptor. Frizzled-3,-8,and -9 are

expressed in the spinal cord during the

( time when commissural axons are making

their anterior turn.® In mouse embryos
with a null mutation of Frizzled-3, path-
ways of "pre-crossing" commissural axons

FIGURE 1. An "open book" schematic illustrates that
an anterior to posterior gradient of Wnt-4 guides post- are normal, while the "post-crossing" axons
crossing commissural axons on their turn along the project randomly along the anterior-
longitudinal axis of the spinal cord. posterior axis.® All other markers of spinal
cord development and patterning appear
normal, suggesting that the effect is due to faulty Wnt signaling in the guidance of axons
and not to a more general patterning defect during spinal cord development.®” Rather sur-
prisingly, and despite other axial patterning defects, LRP6 knock-out mice do not
demonstrate any abnormal phenotype in either the ability of commissural axons to migrate
toward and cross the midline, or in making their anterior turn.** This suggests that the attrac-
tive mechanism for Wnt/Frizzled does not occur through the canonical Wnt pathway, but likely
involves a Wnt-4/Frizzled-3 signaling pathway that does not require an LRP co-receptor.
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BMP Family Antibodies for
Neuroscience Research

R&D Systems offers a variety of application-
validated antibodies for the study of bone
morphogenetic proteins (BMPs) and growth
differentiation factors (GDFs), key factors in
neurodevelopment, neurodegenerative dis-
orders, and protection against neuronal

damage.

BMP/GDF Family Antibodies

ANALYTE

BMP-2
BMP-2a
BMP-2/4
BMP-3

BMP-3b/GDF-10 Human

BMP-4
BMP-4
BMP-5
BMP-6
BMP-7
BMP-8

BMPR-1A/ALK-3 Human
BMPR-1B/ALK-6 Human

BMPR-1B/ALK-6

BMPR-II

GDF-5/BMP-14 Mouse
GDF-7/BMP-12 Mouse

2
55 393
2 g2 g2
i 3E 8t
v a< =<
Human WE
Zebrafish BWF
Human WEI BWE
Human WEI
WEI
Zebrafish WE
Human BWE BWE
Human BWEI BWE
Human BWEI BWE
Human WE BWEI
Human WE WE
WEF
WEF WE
Human/Mouse WEF
Human BWEIF WE
wi wi
WE

*Bioassay: Neutralization and/or Adhesion Blockade

B = Bioassay

I =IHC

F = Flow Cytometry

W = Western Blot

E = ELISA

120

Relative Cell Number

10

102

BMPR-II

FIGURE 1. Reactivity of BMPR-Il on human prostate
adenocarcinoma (PC3) cells using R&D Systems' goat
anti-human BMPR-Il affinity purified polyclonal anti-
body (Catalog # AF811). Cells were stained using a
PE-conjugated anti-goat IgG secondary antibody
(red). Control staining is shown in black.

103 104

Please visit www.RnDSystems.com/BMPFamily
for a complete listing of BMP products.

For research use only. Not for use in diagnostic procedures. Not for use in humans.
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B-Catenin DuoSet® IC ELISA Development Kit

p-Catenin is a multifunctional intracellular
protein with diverse roles such as transcrip-
tional developmental target gene and
structural protein in cell adhesion. Itis also an
oncoprotein, and when unregulated, is asso-
ciated with several cancers.

There are thought to be multiple "pools" of
p-Catenin in the cytosol. The largest is
believed to be structural, and is associated
with actin and membrane-bound Cadherins.
p-Catenin serves as a bridge between the
Cadherin C-terminus and actin-associated
a-Catenin.'? B-Catenin is also well known for
its involvement in canonical Wnt signaling
pathways. It exists in a complex that includes
Axin, CK-l, APC, and GSK-3p. It is repressed via
CK-l and GSK-3f phosphorylation, qualifying
it for ubiquitination and degradation. Wnt
signaling interrupts this process, resulting in
unphosphorylated p-Catenin accumulation,
nuclear translocation, and gene activation.”
p-Catenin may also serve as a mediator for
steroid hormone signaling. It associates with
the androgen receptor following androgen

binding, and this complex is known to translo-
cate to the nucleus and activate genes.® In
another putative pool, 3-Catenin is in a com-
plex with Presenilin-1, PKA, and GSK-3f. PKA
and GSK-3f can phosphorylate and repress
p-Catenin activity in a manner parallel to,
but independent of the Wnt-regulated Axin
complex.’

R&D Systems offers a Human DuoSet IC
ELISA Kit for accurately quantifying intra-
cellular B-Catenin levels (Figure 1). DuoSet IC
ELISA Kits contain the basic components
necessary for sandwich ELISA development.

For details see our website at
www.RnDSystems.com.
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FIGURE 1. Lysates from human MCF-7, Hela,
A431, SK-MEL-28, and DLD-2C2 cell lines were
assessed for p-Catenin levels using R&D Systems'
B-Catenin DuoSet IC ELISA (Catalog # DYC1329).
The same lysates were also electrophoresed and
immunoblotted (inset) with R&D Systems' mouse
anti-human B-Catenin monoclonal antibody
(Catalog # MAB1329). The DuoSet IC ELISA results
correlate well with 3-Catenin levels as detected by
Western blot.
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