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Abstract

Stable expression of the tyrosine kinase receptor ErbB4 confers increased migratory behavior
to the neuronal progenitor cell line ST14A, in response to neuregulin 1 (NRG1) stimulation.
We used gene expression profiling analysis to identify transcriptional changes associated with
higher migratory activity caused by the activation of a specific ErbB4 isoform, and found
constitutive up-regulation of the Epidermal growth factor receptor pathway substrate 8 (Eps8),
a multimodular regulator of actin dynamics.

We confirmed the increase of Eps8, both at the mRNA and at the protein level, in stable
clones expressing two different ErbB4 isoforms, both characterized by high migratory activity.
Using Transwell assays and experimental manipulation of Eps8 expression level, we
demonstrated that Eps8 synergizes with ErbB4 to increase both basal and ligand induced cell
migration, whereas siRNA mediated Eps8 silencing strongly impairs cell motility and NRG1
induced actin cytoskeleton remodeling.

By transient knockdown of Eps8 through in vivo siRNA electroporation, followed by explant
primary cultures, we demonstrated that Eps8 down-regulation affects migration of normal
neuronal precursors.

In conclusion, our data demonstrate that Eps8 is a key regulator of motility of neuronal
progenitor cells expressing ErbB4, both in basal conditions and in response to external

motogenic cues.



Introduction

ErbB4 is a tyrosine kinase receptor belonging to the Epidermal growth factor receptor
(EGFR/ErbB1) family, involved in regulating neuronal migration [1-3]. This protein, like the
other members of the EGFR family, can form homo- and hetero-dimers and presents an
extracellular domain for interaction with the ligands, a single transmembrane region and a
cytoplasmic domain that possesses tyrosine kinase activity [4]. The ErbB4 gene is
characterized by two alternative splicing, producing four different isoforms. One isoform pair is
characterized by alternative splicing of exons located in the extracellular juxtamembrane
region, conferring susceptibility (JMa) or not (JMb) to proteolytic cleavage [5] by the
metalloproteinase TACE ( tumor-necrosis-factor- -converting enzyme ) also known as ADAM
17 (a disintegrin and metalloproteinase ). ErbB4 e ctodomain shedding triggers a second
presenilin-dependent -secretase cleavage, which releases from the membrane a
cytoplasmic ErbB4 domain, that translocates into the nucleus and regulates transcription [6-
13]. The other ErbB4 isoform pair is characterized by the presence (cytl) or absence (cyt2) of
a cytoplasmic exon containing a docking site for phosphatidylinositol 3-kinase (P13K) [14, 15]
and for WW-domain containing ubiquitin ligases involved in ubiquitination and degradation of
the receptor [16-19].

Two of the four ErbB4 isoforms (JMa-cyt2 and JMb-cytl) confer, upon neuregulin 1 (NRG1)
stimulation, a high migratory activity to the neuronal progenitor cell line ST14A [20, 21].

We show here that in stable ST14A clones expressing these two ErbB4 isoforms, Eps8
( EGFR pathway substrate 8) mRNA and protein are u p-regulated. Eps8 has been identified
among proteins phosphorylated on tyrosine following EGFR activation [22]; Eps8 exists in two
isoforms, of 97- and 68-kDa [22], and is involved in regulation of actin dynamics. The actin
cytoskeleton participates in many cellular processes including regulation of cell shape, motility
and adhesion. Remodeling of the actin cytoskeleton is dependent on actin binding proteins,

which organize actin filaments into specific structures that allow them to perform specialized



functions. Eps8 is involved in actin regulation in at least three different ways: 1) forming a
complex with Abil, p85 (the regulatory subunit of phosphatidylinositol-3-kinase, PI3K) and the
guanine exchange factor Sos-1, promoting the activation of Rac [23]; 2) capping the barbed-
end of actin [24] and 3) bundling actin filaments [25].

In this study we analyzed the involvement of Eps8 in the ErbB4 mediated migration in a

cellular model of neuronal progenitors.



Material and methods

Cell Cultures and Reagents - All chemicals and reagents were purchased from Sigma (St.
Louis, MO), unless otherwise stated. The ST14A cell line (kindly provided by prof. Elena
Cattaneo) was derived from primary cells dissociated from embryonic day 14 rat striatal
primordia as previously described [20]. Cells were cultured on dishes (BD Biosciences, San
Jose, CA, USA) in Dulbecco s modified Eagle s medium (DMEM) containing 4.5 g/l glucose, 1
mM sodium pyruvate, 2 mM L-glutamine and supplemented with 100 units/ml penicillin, 0.1
mg/ml streptomycin and 10% fetal bovine serum (FBS, Gibcofi, Carlsbad, CA, USA)
inactivated for 30 min at 56 C (or 2% FBS or serum free medium for starvation before assays,
as described below). Stable transfectants were grown in medium containing 5 g/ml
puromycin. Cells were grown as monolayers at the permissive temperature of 33 C in a 5%
CO; atmosphere saturated with H,O. Cells were allowed to grow to near-confluence, and
adherent cells were harvested by the trypsin/EDTA method. For ligand stimulation
experiments, 12.5 ng/ml hepatocyte growth factor/scatter factor (HGF/SF, Sigma) or 5 nM
recombinant NRG1 1 (henceforth called NRG1) were used; the EGF-like domain of mouse
NRG1 has been produced in the laboratory as a His-tag fusion protein in E.coli [26]. For
experiments with PI3 kinase or -secretase inhibitors, stable clones B1.15 and A2.1 were
grown in 10% FBS DMEM until 60% confluence. Then the serum was lowered to 2% and
cells were treated for 24, 48, 72, 96 hours with 10 M LY294002 (Calbiochem), for 22, 48, 72
hours with 10 M DAPT ( -secretase inhibitor compound 1X, Calbiochem). As a mock control,
cells were treated with an equal volume of solvent (DMSO). The medium containing inhibitors

or DMSO was replaced every 48 hours.

RNA extraction from ST14A cells - Total RNA was prepared using the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer s instructions.

Microarray - We first optimized the conditions for a migratory response: starting from the



standard Transwell assay conditions (2% serum, 5 nM NRG1, 18 hours) we performed time
course experiments to determine the optimal stimulation time and growth conditions. We
could detect a specific migratory response to NRG1 already after 12 hours of stimulation and
we hypothesized that transcriptional regulation of effectors involved in the regulation of cell
migration would be detectable after this time interval. RNA was extracted from NRG1
stimulated stable clone A2.12 and mock ST14A cells. Total RNA was amplified and labeled
using Ambion Message Amp I. Cy3- and Cy5-labeled RNAs were hybridized with a dye-swap
replication scheme on Whole Rat Genome Microarray (Agilent Technologies, Santa Clara,
CA, USA) containing 41000 unique probes that represent 21337 well-known rat genes and
transcripts, including homologues to human and mouse genes. Arrays were scanned with the
Agilent B scanner and image files were loaded into Feature Extraction software version 7.6
(Agilent Technologies) to obtain raw data. Raw data files were then loaded onto the Resolver
SE System (Rosetta Biosoftware, Seattle, WA, USA) to perform data processing and
normalization using the platform-specific error model. The two replicated ratio profiles were
combined, associating each gene to an expression fold-change and a p-value to assess the
statistical significance of its modulation in the A2.12 ST14A sample compared with the mock
one, both following stimulation with 5 nM NRG1 for 12 hrs. RNA quality was checked by
Agilent 2100 Bioanalyzer (Agilent Technologies). Concentrations and labeling were also
checked by NanoDrop ND-1000 Spectrophotometer (Thermo Fisher Scientific, Wilmington,

DE, USA).

Microarray data analysis - A gene ontology (GO) enrichment analysis with Database for
Annotation, Visualization and Integrated Discovery software (DAVID,
http://david.abcc.ncifcrf.gov/) was performed to identify enrichment clusters in which highly
related genes are bunched in functional related groups. 143 clusters of related genes were

identified. We focused our attention on clusters involved in cell motility, actin cytoskeleton



organization, cell adhesion and generated heatmaps from these clusters. Three
representative clusters and the corresponding heatmaps are shown in figures S1 and S2.
Four candidate genes, possibly involved in cell migration, were chosen (Cxcl12/SDF-1, Eps8,
tymosin  beta like, mesothelin). An additional analysis with Kegg software
(http://www.genome.jp/kegg/pathway.html, not shown) allowed us to choose other 4
candidate genes (FGF5, stathmin-like 4, kelch-like 13, MMP24). With Metacore database and
software, all regulated genes were analysed to obtain networks of interacting proteins; in
figure S3 is shown a representative network containing ErbB4 and some regulated genes
involved in cell migration. The list of the eight candidate genes analyzed by qRT-PCR is

shown in table S2.

Reverse transcriptase (RT) -Total RNA was dilutedto 0.2 g/land5 | (1 g) were subjected
to a reverse transcriptase reaction in 25 | reacti on volume containing: 1X RT-Buffer
(Fermentas, Burlington, Canada); 0.1 g/l bovine s erum albumin (BSA, Sigma); 0.05%
Triton X-100; 1 mM dNTPs; 7.5 M random exanucleoti de primers (Fermentas); 1 U/
RIBOlock (Fermentas) and 200 U RevertAid M-MuLV re verse transcriptase (Fermentas).
The reaction was performed for 10 min at 25 C, 90 min at 42 C, 10 min at 90 C. For each
sample, also a reaction in the absence of the enzyme was performed (RT-) and analyzed by

PCR.

Quantitative real-time RT-PCR analysis The system used for gRT-PCR analysis was ABI
Prism 7300 (Applied Biosystems). To check for DNA contamination, a control RT reaction
was set up for each sample without the addition of reverse transcriptase. cDNA was diluted
10 times before analyses and 5 | were analysed in a total volume of 25 | containing 1X
PowerGREEN Master Mix (Applied Biosystems), and 300 nM of each primer. The reactions

were carried out in 40 cycles (primer annealing temperature: 60 C). For each cDNA sample, a



technical triplicate was made and dissociation curves were routinely performed to check for
the presence of a single peak corresponding to the required amplicon. Normalized reporter
fluorescence (Rn) for each cycle was obtained by normalizing SYBRGreen to ROX signal. To
normalize, we didn t follow the classic =~ CT method, which assumes 100% primer efficiency
and uses a single reference gene for normalization. Primer efficiency and cycle threshold

(CT) were calculated by means of the Miner software (www.miner.ewindup.info/miner),

accordingly to an algorithm [27], which fits a logistic curve on the experimental plot and uses
the noise level of the entire curve to determine the beginning of the exponential phase and
the second derivative maximum to determine its end. To normalize, we used the geometric
average of two reference genes, Ubiquitin C (UbC) and TATA box binding protein (TBP) [28].
The normalized relative quantity was calculated accordingly to a formula which takes into
account the variations in primer efficiency among different assays and can deal with multiple
reference genes [29, 30].

Primers were designed using Primer Express 1.5 software (Applied Biosystems), checked
with Annhyb software (http://www.bioinformatics.org/annhyb/) and synthesized by Sigma-
Genosys.

The expression of eight candidate genes (table S2) identified by microarray analysis was
quantified by gqRT-PCR. The sequences of the primers for Eps8 (XM_232499.4) are:

5 -CCTCCCCGGAAGAAGTGAAG-3 (forward) and 5-AAAAGAGTTGCGCTCCGTTC-3
(reverse); for the housekeeping gene UbC (NM_017314) are: 5-
TCGTACCTTTCTCACCACAGTATCTAG-3 (forward), and 5-
GAAAACTAAGACACCTCCCCATCA-3 (reverse); for the housekeeping gene TBP
(NM_001004198) are: 5 -TAAGGCTGGAAGGCCTTGTG-3 (forward) and
5-TCCAGGAAATAATTCTGGCTCATAG-3 (reverse). The sequences of the other primer
pairs are available on request.

siRNA and DNA transfection - siRNA transfection was performed with 3 different anti-rat Eps8

10



SsiRNAs (EPS8_PREDICTEDRSS319884, EPS8_PREDICTEDRSS319885,
EPS8 PREDICTEDRSS319886, Invitrogen, Life Technologies Corporation, Carlsbad,
California, USA) hereafter marked as #84, #85 and #86. Scramble siRNA (Stealth RNAI
Negative control medium GC duplex, Invitrogen) was used as a control. The Lipofectamine
2000 (Invitrogen) reagent was used to drive transfection of 10 nM siRNA in Opti-MEM
medium (Gibcofi) according to manufacturers instructions; we favored 10nM siRNA
concentration, because we observed an unspecific inhibition of migration in cells treated with
20 nM scramble siRNA.

For transient transfection of plasmidic DNA, 3 g o f each construct (or the empty vector as a
mock control) were transfected in a 6 cm diameter dish, using 1 | Lipofectamine 2000/ g
DNA, according to manufacturers instructions. The Transwell assays were performed 48 hrs
after siRNA or DNA transfection; total proteins were extracted from leftovers of the
transfected cells to check, by western blot analysis, for siRNA activity and Eps8 down-
regulation, or for transient overexpression of candidate proteins (ErbB4, Eps8). For DNA
transient transfection, the expression vectors pIRESpuro2-ratErbB4-JMb-cytl, pIRESpuro2-
ratErbB4-JMa-cyt2 [21], pCEV-mouseEps8 [31], actin M-cherry (prof. Kenneth Yamada,

NIH/NIDCR) were used.

Transwell assays Transwell assays were performed as previously de scribed [21]. Four
images were analyzed for each Transwell and the amount of migrated cells was evaluated as
the total area of migration (in pixel®) calculated with the Image J software and then expressed
as percentage of the total number of migrated cells for every single experiment. Cells were
discriminated by the pores of the Transwell membrane by applying a threshold of 300 pixel?.
For every experimental condition a technical triplicate was made and each experiment was

repeated 3 times to obtain data as a biological triplicate.
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Total protein extraction, and western blot - Total proteins were extracted by solubilizing cells
in boiling Laemmli buffer (2.5% SDS and 0.125 M Tris-HCI pH 6.8), followed by 3 min at
100 C. For the time course experiments, cells were rinsed twice with ice-cold PBS containing
1 mM sodium orthovanadate and lysed for 20 min on ice with 500 | cold extraction buffer (20
mM Tris-HCI (pH 7.4), 150 mM NaCl, 5 mM EDTA, 2 mM EGTA, 1 mM ZnCl,, 50 mM NaF,
10% glycerol, and 1% Triton X-100 supplemented just prior to use with 1 mM sodium
orthovanadate, 1 mM phenylmethylsulfonyl fluoride, and a mixture of protease inhibitors
(Roche Applied Science). Lysates were collected with a cell scraper, placed in
microcentrifuge tubes, rocked at 4 C for 10 min, and spun at 4 C for 20 min at 11,000 g to
discard cell debris. Protein concentration was determined by the BCA method, and equal
amounts of proteins (denaturated at 100 C in 240 mM 2-mercaptoethanol and 18% glycerol)
were loaded onto each lane, separated by SDS-PAGE, transferred to a HybondTM C Extra
membrane, and analyzed as previously described [21]. Conclusions were drawn after
experiments were repeated a minimum of three times. Primary antibodies used are: rabbit
polyclonal anti-ErbB4 (1:500, sc-283, Santa Cruz Biotechnology, Santa Cruz, CA, USA);
rabbit polyclonal anti-ErbB2 (1:500, sc-284, Santa Cruz Biotechnology); rabbit polyclonal anti-
ErbB3 (1:500, sc-285, Santa Cruz Biotechnology); mouse monoclonal anti-Eps8 (1:1000,
#610143, BD Transduction Laboratories); rabbit monoclonal anti-phospho-ErbB4 (Tyr1284)
(1:500, #4757, Cell Signaling Technology); mouse monoclonal anti-actin (1:4000, #A5316,
Sigma); horseradish peroxidase-linked donkey anti-rabbit secondary antibody (Amersham
Biosciences) was used at 1:10.000 dilution, sheep anti-mouse secondary antibody

(Amersham Biosciences) was used at 1:10.000 to detect Eps8, 1:100.000 to detect actin.

Actin remodeling assay- Subconfluent A2.1 cells (in a 6 cm diameter plate) were transiently
co-transfected with 10nM siRNAs (control or #85-#86 pool, see above) and 1 g plasmidic

DNA coding for actin-M cherry (kindly provided by Kenneth Yamada, NIH/NIDCR) with

12



Lipofectamine 2000, as described above. The following day, cells were plated in a 12 well
plate containing poly-lysine pretreated coverslips. Three hours later cells were washed with
PBS and serum starved for 24 hours. Then, 5 nM NRG1 was added to the cells and 6 hours
later treated and untreated cells were fixed in 4% paraformaldehyde (PFA) for 20 minutes.
Coverslips were mounted using a DABCO-based antifade mounting medium.

All images were captured with a Nikon DS Camera Head (DS-Fil/DS-5M/DS-2Mu/DS-
2MBW), equipped with DS Camera Control Unit DS-L2, connected to a Nikon inverted
fluorescence microscope Eclipse-Ti-S. For each experimental condition, three independent
samples were examined for actin organization; the entire procedure was carried out in a blind
manner. For each sample, 25-30 microscopic fields (objective 40x) were analyzed, in order to

score 100-110 cells.

RNA and protein extraction from mouse tissue microdissections - Total RNA and proteins
were extracted from microdissection samples using the TRIzol reagent (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer s instructions. To obtain microdissection samples,
CD1 mice from postnatal day 5 (P5) were anesthetized by hypothermia and then rapidly
decapitated. Brains were dissected out and placed in ice-cold Leibovitz-15 medium (L-15)
(Invitrogen) before embedding. Brains embedded in 3% low-melting point agar in L-15 were
vibratome cut (Leica VT100S, Wetlzar, Germany) into 250 m thick coronal slices in L-15
medium. Tissues from SVZ, posterior RMS, anterior RMS and surrounding OB were isolated
under a high magnification dissecting microscope (Leica) and trimmed into pieces, which
have been frozen for the following RNA and protein extraction with Trizol reagent (Invitrogen).
To isolate the entire OB, adult mice were deeply anesthetized with a mixture of Ketamine :

Xilazine (4 : 1).
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In vivo electroporation procedure, SVZ explant cultures, neuroblast migration analysis - For in
vivo electroporation assays, we used as a negative control a scramble 488 Alexa Fluor
labelled siRNA (Stealth RNAi Negative control medi um GC duplex, Invitrogen, the same
sequence used for in vitro assays), while to down-regulate Eps8, we utilized a 555 Alexa
Fluor labelled  Stealth siRNA; Eps8 sequence, corre sponded to the
EPS8 PREDICTEDRSS319886 siRNA (#86, here used for in vitro assays), with a changed
nucleotide to obtain perfect match with mouse Eps8 sequence (the silencing efficiency of #85
and #86 siRNAs in rat is the same; we chose to modify the #86 siRNA to electroporate mice,
because its sequence is more similar to the corresponding mouse Eps8 sequence). The
Alexa Fluor labelled siRNA efficiency has been verified by western blot (figure 8C).

For the electroporation procedure, we followed the protocol for DNA described by Camille
Boutin [32], with some adaptations. One to three days old pups (P1-P3; CD1 strain mice,
Charles River, Calco, Italy) were anesthetised by hypothermia (4 min) and immobilized on a
custom neonatal stereotaxic apparatus maintained at 4 C during surgery. The skull was
exposed by a skin incision and 1 | of 50 M 488/555 AlexaFluor labelled siRNA (Invitrogen) in
PBS solution was injected into the right lateral ventricle at stereotaxic coordinates of 0 mm
bregma, 1 mm lateral to sagittal sinus, and 2 mm depth, by means of a glass micropipette and
a pneumatic pressure injection apparatus (Picospritzer Il; General Valve, Fairfield, IL). After
the micropipette was removed, the skin was sutured with 0.8 mm silk thread. Injected animals
were subjected to two series of five electrical pulses (99,9 volts, 50 ms, separated by 950 ms
intervals) using the CUY21SC device (Nepagene, Chiba, Japan) and 5 mm tweezer
electrodes (CUY650P5, Nepagene) rinsed in PBS before each electroporation.
Electroporated animals were reanimated for several minutes under a heating lamp before
being returned to the dam.

Tissue explant cultures were obtained 48 hrs after electroporation, as previously described

[33]. Briefly, mice were anesthetized by hypothermia and then killed by rapid decapitation.
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Brains were dissected out and placed in ice-cold Leibovitz-15 medium (L-15), (Invitrogen); the
right electroporated hemispheres were embedded in 3% low-melting point agar in L-15 and
vibratome (Leica VT100S) cut into 250- m-thick coronal slices in ice-cold L-15 medium.
Tissues from SVZ lateral ventricle presenting fluorescent cells were isolated under a high
magnification dissecting microscope (Leica) and trimmed into pieces of ~250 m. Explants
were subsequently embedded in 20% Neurobasal medium (NB) (Invitrogen)-80% Matrigel
(BD Biosciences). Explants were maintained 2 days in vitro (2 DIV) in 5% CO2 at 37 C in NB
medium supplemented with 1 x B27 (Invitrogen), 25 g/ml gentamicin (Invitrogen), and 0.5
mM glutamine (Invitrogen). For analysis, tissue explants were fixed in 4% paraformaldehyde
(PFA) for 40 min and stained with the nuclear marker DAPI (Molecular Probes) for 30 min at
room temperature. Some explants were processed for western blot analysis to verify the
SiRNA effect. All tissue explant images were captured with a Leica DC500 photocamera
(Leica Microsystems AG) connected to an Olympus 1X51 fluorescence microscope.
Quantification of cell migration from the explants was performed on DAPI labelled specimens.
The migration area was evaluated on digitalized images as the surface covered by DAPI
nuclear staining, excluding the tissue explant area by means of Image J software [33]. The

procedure has been carried out in a blind manner.

Statistical analyses Whenever results are presented in excel graphs, at least three
independent experiments (biological triplicate) were carried out in a technical triplicate. Data
are presented as mean + standard error of the mean, SEM. Data were analyzed by SPSS
software, One-Way ANOVA and post hoc analysis by means of Bonferroni test. Transwell

migration assay data were assessed by Friedman test and Bonferroni post hoc analysis.
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Results

Microarray analysis of regulated genes following ErbB4 receptor stimulation

We previously generated and characterized stable clones of the rat neuronal progenitor cell
line ST14A [20], each expressing only one of the four different ErbB4 isoforms (fig. 1B), which
confer different migratory capabilities in response to the ligand NRG1 [21]. To better
understand the molecular mechanisms involved in ErbB4-mediated migration, we thought to
identify genes which are regulated in this process. We chose a stable clone expressing the
JMa-cyt2 ErbB4 isoform (which confers high migratory activity) and a pool of mock
transfected cells as a control. We prepared mRNA from NRG1 stimulated cells, and
performed a comparative analysis using oligo glass arrays. The total number of genes
modulated above 2-fold and with p-value less than 107 was 642, of these 377 genes were

down-regulated and 265 were up-regulated (see table S1).

Eps8 over-expression correlates with ErbB4 mediated migration activity in the rat neuronal
progenitor cell line ST14A

We submitted the list of regulated genes to a functional analysis by means of the Database
for  Annotation, Visualization and Integrated Discovery software  (DAVID,
http://david.abcc.ncifcrf.gov/) which enables the discovery of biological themes within gene
lists and the generation of gene annotation tables (see microarray data analysis in material
and methods and figs. S1 and S2). We performed further analyses with the Kegg pathways

database (http://www.genome.jp/kega/pathway.html, data not shown) and Metacore (fig. S3),

to define a list of candidate genes, potentially implicated in cell migration.

By quantitative real time RT-PCR (gRT-PCR, data not shown) we evaluated the expression of
eight candidate genes (table S2) in the stable clone expressing the JMa-cyt2 ErbB4 isoform.
Six of the eight genes are regulated according to the microarray data. Next, we tested the

regulation of these genes in our experimental system in which expression of different ErbB4
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isoforms confers different migratory ability to the cells. We considered two independent
clones for each ErbB4 isoform, in order to eliminate clonal variations and a pool of mock
transfected cells was used as control. We focused our attention on Eps8, the only gene
whose expression pattern among clones expressing the different ErbB4 isoforms (fig. 1A)
matches the clone tendency to migrate following NRG1 stimulation (fig. 1B). Eps8 is a
multimodular regulator of actin dynamics, belonging to functional classification clusters
associated to cell motility and to the same interaction network of ErbB4 (figs. S1-S3).

We found that the level of Eps8 mRNA is significantly higher in highly migrating clones
expressing JMb-cytl and JMa-cyt2 ErbB4 isoforms, and lower in slowly migrating clones,
expressing JMa-cytl and JMb-cyt2 ErbB4 isoforms. In addition, mock cells that do not
express ErbB4 and do not migrate when stimulated with NRG1, present the lowest amount of
Eps8 transcript. This observation was also confirmed at the protein level (fig. 2), where we
observed a direct correlation between the Eps8 expression level and the migratory behavior
of the cells, but not between Eps8 and ErbB4 expression levels: Al, B1 and B2 clones
produce almost the same amount of ErbB4, but only B1 clones display very abundant Eps8
protein level.

Two Eps8 isoforms (likely derived by alternative splicing) were described: a full length 97 kDa
and a truncated 68 kDa one [22]. Stable cell clones expressing different ErbB4 isoforms
exhibit the two Eps8 isoforms with different intensity: JMb-cytl clones show a higher
expression of the 97 kDa isoform, whereas for JMa-cyt2 clones the ratio between expression

of 97 and 68 kDa is lower.

Eps8 expression is down-regulated by PI3K inhibitor treatment in JMb-cytl expressing cells
and by -secretase inhibitor treatment in JMa-cyt2 expressing cells.
The two ErbB4 isoforms expressed by stable clones characterized with a high migratory

activity and Eps8 up-regulation, differ in many aspects: ErbB4 JMb-cytl does not release



extracellular or intracellular fragments, but can directly activate PI3K and is internalized and
degraded more efficiently than ErbB4 JMa-cyt2. Cells expressing this ErbB4 isoform display
the highest Eps8 level, not further up-regulated by ligand treatment.

ErbB4 JMa-cyt2 releases an extracellular domain and a cytoplasmic fragment which can
translocate into the nucleus and influence gene transcription. Cells expressing this ErbB4
isoform express Eps8 protein, which is further up-regulated following ligand stimulation.

We hypothesized that the JMa-cyt2 isoform activates Eps8 transcription through the release
of the intracellular fragment, whose nuclear localization increases following NRG1 stimulation
[11], the JMb-cytl isoform through the PI3K activation. According to this model, the isoform
JMa-cytl, which releases an intracellular fragment, does not increase Eps8 expression,
because the intracellular fragment is rapidly degraded and does not translocate into the
nucleus; the JMb-cyt2 isoform, does not increase Eps8 expression, because it does not
activate directly the PI3 kinase pathway.

To test these hypotheses, we performed time course experiments treating both JMb-cytl and
JMa-cyt2 expressing cells with the -secretase inhibitor DAPT (which inhibits the release of
the intracellular fragment), or with the PI3-kinase inhibitor LY294002, or with the solvent
(DMSO) as a control. We demonstrated that Eps8 protein expression decreases 96 hours
after LY294002 treatment in cells expressing the JMb-cytl isoform (fig. 3, upper panel) and
72 hours after DAPT treatment in cells expressing the JMa-cyt2 isoform (fig. 3, lower panels).
The expression of ErbB2 and ErbB3 receptors, in addition to the actin, was analyzed to
exclude non-specific effects of chemical inhibitors on protein expression.

These results suggest that JMa-cyt2 and JMb-cytl activate Eps8 transcription via

independent and different mechanisms.

18



NRGL1 treatment stimulates Eps8 up-regulation in ST14A cells stably expressing JMa-cyt2
ErbB4

To investigate whether NRG1 treatment regulates Eps8 expression at the protein level, we
performed a time course assay in the time window comprised between 0 and 120 minutes
following NRG1 stimulation of serum starved cells.

Cells expressing JMb-cytl isoform (clone B1.15) show a high basal level of Eps8 which does
not further increase following NRG1 stimulation (fig. 4A). JMa-cyt2 isoform expressing cells
(clone A2.1) display a lower level of the Eps8 protein which increases 45 minutes after NRG1
stimulation (fig. 4B).

These data are in accord with the Eps8 transcript relative quantification (fig. 1A) which shows
that NRG1 treatment stimulates Eps8 transcription in the stable clone A2.1 and that B1 stable
clones express more Eps8 than A2 stable clones.

In a longer time course assay we observed that Eps8 up-regulation persists for 18 hours

following NRG1 stimulation (fig. 4C).

ErbB4 and Eps8 transient co-expression confers to ST14A cells the ability to migrate

Our data show that ST14A clones stably expressing ErbB4 JMb-cytl or JMa-cyt2, are
characterized by high levels of Eps8 and elevated migratory activity. To understand if ErbB4
and Eps8 expression are necessary and/or sufficient to confer higher migratory ability
following NRG1 stimulation, we transiently transfected the mock pool of ST14A cells with
expression vectors for ErbB4 (isoform JMb-cytl), Eps8 or both. We observed that, while
transient Eps8 expression does not change the migratory ability of the cells, transient
expression of ErbB4 provokes an augmentation in cell migration. ErbB4 and Eps8 co-
expression further increases both NRG1 induced and basal migration, suggesting that ErbB4
and Eps8 regulate migratory activity synergistically (fig. 5). The transient transfection of the

JMa-cyt2 isoform produced the same results (data not shown). No Eps8 up-regulation was
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observed in cells transiently transfected with only ErbB4 (data not shown); this suggests that
the time window of the transient transfection (48-72 hours) is not sufficient to activate Eps8

transcription.

Eps8 down-regulation inhibits migration in ST14A cells expressing ErbB4

To investigate the role of Eps8 in NRG1 induced migration, a subtractive approach was
chosen by means of RNA interference. To achieve an effective down-regulation of Eps8,
various transfection conditions were tried, testing three different SiRNAs at different times and
concentrations (figs. 6A and 6B). While all the three tested siRNAs efficiently down-regulate
the 97 kDa variant of Eps8, only siRNAs #85 and #86 turn off effectively also the 68 kDa
isoform. To distinguish the effects of knocking down both Eps8 isoforms or only the 97 kDa
one, all assays were carried out with a pool of #85-#86 siRNAs (figs. 6B and 6C) to down-
regulate both Eps8 isoforms, #84 siRNA to down-regulate only the 97 kDa isoform and
scramble siRNA (CTR) as a negative control.

Transwell assays were performed with cells transiently transfected with siRNAs in the
temporal window extending between 48 and 66 hours after transfection. Two representative
stable clones were chosen for this assay, expressing a high Eps8 level and the ErbB4 isoform
JMb-cytl (clone B1.15) or JIMa-cyt2 (clone A2.1).

As shown in figures 6D and 6E, the transient expression of siRNAs directed versus Eps8
impairs the NRG1 induced migratory activity of cells expressing either JMb-cytl, or JMa-cyt2
ErbB4 isoform. Statistical analysis demonstrates that down-regulation of Eps8 97 kDa isoform
is sufficient to inhibit ligand stimulated migratory activity. Moreover, in non stimulated B1.15
cells (grown in 2% FBS medium) basal migration is decreased after treatment with anti-Eps8
#85-86 SiRNAs.

To investigate whether Eps8 plays a more general role in migration, we treated Eps8 siRNA

transfected cells with hepatocyte growth factor/scatter factor (HGF/SF), a growth factor known
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to induce c-Met mediated migration [34, 35]. We observed that Eps8 down-regulation inhibits
HGF/SF induced migration (data not shown), demonstrating that in our cell model Eps8

silencing interferes with migration regulated by different receptor tyrosine kinases.

NRG1 induces reorganization of actin cytoskeleton, which is reduced by Eps8 silencing

It has been previously demonstrated that in ST14A cells 6 hours HGF/SF treatment triggers
reorganization of the actin cytoskeleton [34, 35]. To visualize the actin cytoskeleton in ErbB4
expressing ST14A cells, we transiently transfected an expression vector for actin M-cherry
fluorescent protein. The expression of this protein doesn t interfere with actin remodeling, as
assessed by previous preliminary experiments. Serum starved cells were treated with NRG1
for 6 hours and quantitatively analyzed for actin cytoskeleton organization (fig. 7). Fluorescent
actin in control starved cultures showed a diffuse network of stress fibers in a high cell
percentage; we observed that, following NRG1 treatment, the percentage of cells showing
organized actin is significantly reduced and actin is accumulated in lamellipodia.

To test the involvement of Eps8 in actin cytoskeleton reorganization, the same experiment
was performed by transiently co-transfecting actin M-cherry and the pool of #85-#86 siRNAs
directed versus Eps8 (or scramble siRNA as a control).

When Eps8 is transiently down-regulated by siRNA treatment, there is a reduction in stress
fiber formation upon starvation and the percentage of cells showing organized actin is not
significantly different when comparing NRG1 stimulated and not-stimulated cells (fig. 7),
suggesting that Eps8 down-regulation interferes with actin cytoskeleton organization and

dynamics.

Transient Eps8 down-regulation inhibits migration of neuronal precursors expressing ErbB4
and Eps8

To determine whether endogenous Eps8 regulates migration of normal neuronal precursor
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cells expressing ErbB4, we focused our attention on neuronal progenitors which, during
development and in adult life, originate in the subventricular zone (SVZ), migrate tangentially
in chains through the rostral migratory stream (RMS) and reach the olfactory bulb (OB),
where they eventually differentiate into granule and glomerular interneurons. It has been
already demonstrated that these neurons express NRG1 and ErbB4 [36]; we demonstrate
here that Eps8 protein is expressed in the SVZ, in the RMS, in the OB (figs. 8A and 8B), and
that the four ErbB4 isoforms are expressed in the same regions (data not shown).

siRNAs directed against Eps8 (or scramble control siRNAs) were injected into the lateral
ventricle of P1-P3 mice and in vivo electroporated. Forty-eight hours later, animals were
sacrificed and explants of the SVZ region were cultured in Matrigel in vitro for 48 hours. In
order to analyse migration in conditions as physiological as possible, exogenous soluble
ligand was not added, since it is already produced by migrating neuroblasts [36]. Efficient
down-regulation of Eps8 was verified by western blotting on explant total protein extracts (fig.
8C). When SVZ explants are cultured, compact chains of polysialylated neural cell adhesion
molecule-positive (PSA-N-CAM+) migrating neuroblasts are symmetrically distributed around
the explant, whereas glial fibrillary acidic protein-positive (GFAP+) astrocytes appear to be
mainly localized in the explant [33]. Cultured explants were counterstained with DAPI, and the
area occupied by the neuroblasts migrated out of the explants, here referred to as migration
area, was quantified. A 25% reduction in the migration area was observed, when explants
obtained from mice treated with anti Eps8 siRNA were compared with those obtained from

mice treated with control siRNA (figs. 8D and E).
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Discussion

ErbB4 is the only member of the ErbB family that exists in four alternative isoforms with the
potential to mediate different biological functions. We previously chose a neuronal progenitor
cell line (ST14A) as an in vitro model and demonstrated that the ability to induce cell
migration is different in the four ErbB4 isoforms [21]. Here we used the same cellular system
to identify - by microarray analysis - genes regulated during ErbB4 mediated migration.

We found a strong correlation between the high NRG1 induced migratory activity of JMb-cytl
and JMa-cyt2 ErbB4 isoform expressing cells, and the expression of Eps8, which is an actin
capping and bundling protein, initially identified as EGFR-pathway substrate number 8 [22].
We hypothesized that Eps8 could play a role in mediating NRG1 induced migration. Indeed,
this is the case: we found that transiently expressed ErbB4 and Eps8 synergized to mediate
basal and NRG1 induced migration in ST14A cells. In addition, down-regulating Eps8
expression in ErbB4 expressing ST14A cells by siRNA treatment, significantly interfered with
basal and ligand stimulated migration. In this respect, we did not observe differences when
either both Eps8 isoforms, or only the 97 kDa form were switched off, suggesting that it is the
full length Eps8 which significantly affects migration. We also saw a significant decrease in
hepatocyte growth factor/scatter factor (HGF/SF) induced migration upon Eps8 interference,
indicating that the role of Eps8 in the regulation of growth factor stimulated migration is not
limited to NRGL1.

HGF/SF triggers reorganization of the actin cytoskeleton in ST14A cells [34, 35]. Here we
demonstrated, in the same cellular model, that organized stress fibers typically found in
starved cells, are broken down and relocalized to lamellipodia upon NRG1 treatment. This
difference is much less evident in Eps8 partially silenced cells. We could conclude that when
Eps8 is down-regulated, there is less stress fiber formation upon starvation and less actin
remodeling upon NRG1 stimulation. In line with these data, we previously demonstrated that

in cerebellar granule neurons the lack of Eps8 renders the actin cytoskeleton less sensitive to
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the remodeling action of ethanol [37].

Collectively, these findings indicate that Eps8 is an important relay downstream of receptor
tyrosine kinases in regulating migration in neuronal progenitors.

The ability of Eps8 to regulate migration downstream of growth factor stimulation is not
universal but is strictly cell type specific: migration is not impaired in fibroblasts derived from
Eps8” mice (unpublished observation) and attempts in various cell lines to score an effect of
Eps8 depletion on cellular migration failed [38, 39]. On the contrary, also migration of an oral
squamous cell carcinoma [40-42] and of a lung carcinoma epithelial cell line [43] are sensitive
to Eps8 expression levels. These findings are likely explained by the fact that Eps8 is a
multimodular regulator of actin dynamics and its capability to influence the cell ability to
migrate strongly depends on its spatio-temporal localization and interactions with specific
proteins involved in the regulation of actin dynamics, an aspect that will be discussed later on.
In ST14A cells, stable expression of two particular ErbB4 isoforms up-regulates Eps8, which
consequently participates in the migration induced by different growth factors. The correlation
between specific ErbB4 isoform expression and Eps8 up-regulation is statistically significant.
We can exclude clonal bias, since two representative stable clones for each ErbB4 isoform
were chosen for the expression analysis and identical results were obtained.

Only two out of the four ErbB4 isoforms induce the Eps8 transcription: JMb-cytl and JMa-
cyt2.

JMb-cytl isoform is a transmembrane receptor which contains, in the cytoplasmic region, a
docking site for PI3K [14, 15] and E3 ubiquitin ligases [16-19]. We propose that its ability to
activate PI3K signalling is involved in the augmentation of Eps8 protein since we observed
that it is down-regulated after 96 hour of LY treatment. In agreement, JMb-cyt2 isoform does
not increase Eps8 expression, because it does not activate directly PI3K pathway.

JMa-cyt2 isoform can be cleaved and releases a stable cytoplasmic fragment which can

move into the nucleus and influences transcription [6-13]. We suggest that this pathway could
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be involved in Eps8 transcription: obstructing -secretase activity, the level of Eps8 protein
decreases after 72 hours of treatment. Accordingly, the JMa-cytl isoform does not increase
Eps8 expression, because the intracellular fragment is degraded before entering into the
nucleus [10, 17, 44].

One question that emerges is how Eps8 effect on migration might be regulated by growth
factor stimulation. It has been shown that Eps8 function is regulated depending on the protein
complex in which it enters: in a complex with Abi-1, Sos-1 and PI3K it activates Rac [23]; in a
complex with Abi-1 alone, its actin barbed end activity is liberated [24]; instead, in a complex
with Irsp53, Eps8 has a potent actin filament bundling activity [25]. Additionally, in neurons,
Brain-Derived Neurotrophic Factor (BDNF) stimulation leads to Eps8 phosphorylation by
MAPK which in turn regulates its interaction with Abi-1 and its association with F-actin [45].
Evidently, the spatio-temporal localization of Eps8 and its interaction with other proteins
dictates its function and needs to be tightly controlled. Phosphorylation downstream of growth
factor stimulation could be an efficient way to do so.

It has previously been shown that Eps8 is phosphorylated by growth factor stimulation and
constitutively so in tumor cells [46]. We can speculate that the synergistic effect, which we
observe upon overexpression of Eps8 and ErbB4 on cell migration, might be mediated by an
increased capability to phosphorylate and thus regulate Eps8 function. This might not
necessarily mean that Eps8 is a direct substrate of ErbB4 and indeed we didnt observe a
direct interaction between the two proteins (data not shown). One can also envision, that
Eps8 might be phosphorylated by non-receptor tyrosine kinases like src [47], or
serine/threonine kinases like MAPK [45] which can be activated upon ErbB4 stimulation. This
would be in line with previous observations, that tyrosine phosphorylation of Eps8 upon EGF
stimulation is a late event [22].

It has been already well demonstrated that endogenous ErbB4 has an important role in the

migration of normal neuronal precursor cells from the medial ganglionic eminence to the
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cortex [3] and from the SVZ to the OB [48]. On the contrary - to our knowledge - a role of
Eps8 in the neuronal precursor cell migration has not been described to date, although its
expression has been demonstrated in the central nervous system [49].

We show here that Eps8, like ErbB4, is expressed in the SVZ, in the RMS and in the OB and
we verified the expression of the four ErbB4 isoforms in these regions (data not shown). To
investigate the role of Eps8 in neuronal precursor cell migration, we down-regulated Eps8 by
in vivo siRNA injection into the lateral ventricle, followed by in vivo electroporation. Through
the analysis of primary cultures of ex vivo SVZ explants, we demonstrated that Eps8 down-
regulation affects normal neuronal precursor migration.

In summary, our results demonstrate that Eps8 plays an important role in the migration of the
neuronal progenitor cell line ST14A stably expressing ErbB4 and in the migratory activity of
OB precursors endogenously expressing ErbB4 and Eps8. These findings underline the
importance of proper actin remodeling in neuronal migration and its fine tuning by receptor
tyrosine kinase mediated signaling cascades.

Further accurate studies and detailed morphological analyses of Eps8 expressing cells in the

central nervous system will be necessary to better characterize its role in vivo.
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Figure Legends

Figure 1 - Eps8 is highly expressed by stable clones expressing JMb-cytl or JMa-cyt2
ErbB4 isoform - Panel A - Stable clones, each expressing an ErbB4 isoform, and a pool of
mock transfected cells (mock), were starved in 2% FBS DMEM and then stimulated or not
with 5 nM NRG1. 12 hrs after stimulation, total RNA was isolated, reverse transcribed and
subjected to gRT-PCR analysis. Results are presented as relative quantities, normalized
against geometric means of two housekeeping genes amplified from the same cDNA, namely
TBP and UbC. In the graphic, alternated black and white columns represent the mock sample
and the stable clones expressing the different ErbB4 isoforms (summarized in Table B).
Biological triplicate experiments were carried out in a technical triplicate. Values are
expressed as mean + SEM. Statistical analysis demonstrates that B1 and A2 expressing
clones have an Eps8 level which is significantly higher than mock cells (*p 0.05, **p 0.01,
***p 0.001) and that NRG1 stimulation increases Eps8 transcript level only in the clone A2.1
(p = 0.011).

Table B - shows the list of the stable clones expressing the different ErbB4 isoforms and

summarizes their migration activity following 18 hours 5nM NRG1 stimulation.

Figure 2 - Eps8 expression in ErbB4-ST14A stable cell clones - 30 g total protein extract
from stable cell clones, each expressing an ErbB4 isoform, were separated on a 10%
acrylamide gel and blotted on a nitrocellulose membrane. The membrane was decorated with
anti-ErbB4, anti-Eps8 and anti- -actin antibodies. The two bands of 97 and 68 kDa represent
the two Eps8 isoforms. A band of 180 kDa represents the full length ErbB4 receptor. The
asterisks point to unspecific bands. Actin bands were used to assess comparable loading.
The Eps8 expression level is comparable in the two independent clones expressing the same

ErbB4 isoform and is not relative to the level of ErbB4 expression.
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Figure 3 - Eps8 expression is down-regulated by PI3K inhibitor treatment in JMb-cytl
expressing cells and by -secretase inhibitor treatment in JMa-cyt2 expressing cells.
The B1.15 stable clone (expressing the JMb-cytl ErbB4 isoform, upper panel) and the A2.1
stable clone (expressing the JMa-cyt2 ErbB4 isoform, lower panel), were treated with DMSO
(the solvent) or 10 M DAPT ( -secretase inhibitor) or 10 M LY294002 (PI3K inhib itor); total
proteins were extracted at different time intervals, between 24 and 96 hours after treatment.
Equal amounts of total protein extracts were separated on 10% acrylamide gels and blotted
on nitrocellulose membranes. The membranes were decorated with anti-Eps8 antibody and
with anti-ErbB2, anti-ErbB3 and anti-actin antibodies, to exclude non-specific effects on
protein expression.

The Eps8 level decreases in B1.15 cells 96 hours after PI3K inhibitor treatment, in A2.1 cells

72 hours after -secretase inhibitor treatment.

Figure 4 - JMa-cyt2 ErbB4 expressing cells, stimulated with NRG1, up-regulate Eps8
protein - In time course assays, the B1.15 stable clone, expressing JMb-cytl ErbB4 isoform
(Panel A), and the A2.1 stable clone, expressing JMa-cyt2 ErbB4 isoform (Panels B and C),
previously starved for 24 hours in serum free medium, were stimulated with 5 nM NRG1 for
different time points. In Panel A and B the time course stimulation ranged between 15 and
120 minutes, in Panel C between 30 minutes and 18 hours. Total protein extracts were
separated on 8 % acrylamide gels and blotted on nitrocellulose membranes. The membranes
were decorated with anti-Eps8, anti P-ErbB4 (tyr 1284) and anti-ErbB4 antibodies. B1.15 cells
display a high level of Eps8 protein, which doesn t increase after ligand stimulation, whereas

A2.1 cells express a lower level of Eps8 protein which increases 45 minutes later.
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Figure 5 - ErbB4 and Eps8 transient expression confers to the cells the ability to
migrate - ST14A mock cells were transiently co-transfected with the following combination of
plasmids: pCEV + pIRESpuro2 (mock); pCEV + pIRESpuro2-ErbB4-JMb-cytl (ErbB4); pCEV-
Eps8 + pIRESpuro2-ErbB4-JMb-cytl (ErbB4-Eps8); pCEV-Eps8 + pIRESpuro2 (Eps8). Forty-
eight hours after transfection, Transwell assays were performed in 2% FBS DMEM either
without (white bars) or with (black bars) 5 nM NRG1. Migration was calculated as percentage
of total migrated cells as described in Materials and Methods. Biological triplicate experiments
were carried out in a technical triplicate. Data are represented as means + SEM. Statistical
analysis shows that ErbB4 alone increases migration activity, but in combination with Eps8,
the effect is significantly higher (**p 0.01, **p 0.001); moreover, it shows a statistically
significant increase of basal migration when comparing mock cells with cells co-expressing

ErbB4 and Eps8 (p = 0.004).

Figure 6 - Eps8 down-regulation interferes with NRG1-induced migration - Panel A - Set
up of siRNA transfection conditions: A2.1 cells were transfected with 20 nM control scramble
siRNA or anti-Eps8 specific SIRNAs #86, #85 or #84. Total proteins were extracted 48 hrs
after transfection and analyzed by western blot. The membrane was decorated with anti-Eps8
and anti- -actin antibodies to assess comparable loading. The two bands of 97 and 68 kDa
represent the two isoforms of Eps8. The asterisk points to an unspecific band useful to
confirm the equity in loading amount. Panel B - A2.1 cells were transfected with 10 nM control
scramble siRNA, #85/86 pool anti-Eps8 siRNA, or #84 siRNA alone. The #85 and #86 siRNA
pool down-regulates both Eps8 isoforms, the #84 siRNA only the 97kDa one. Total proteins
were analyzed as described in Panel A. Panel C - A2.1 and B1.15 cells were transfected with
10 nM control scramble siRNA or #85/86 pool anti-Eps8 siRNA; total RNA was extracted 48
hrs later and subjected to gqRT-PCR analysis for Eps8 expression. The quantity of Eps8

transcript in rat stomach was chosen as a calibrator. Data (represented as means + SEM)
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show a reduction of Eps8 after siRNA treatment (*p < 0.01). Panels D - E - Two clones
representative of two ErbB4 isoforms (JMb-cytl, clone B1.15, panel D and JMa-cyt2, clone
A2.1, panel E) were transiently transfected with scramble 10 nM siRNA (CTR), or a pool of
anti-Eps8 siRNAs (#85 and #86), or #84 alone. 48 hrs later, transfected cells were assayed
for migration: Transwell assays were performed in 2% FBS DMEM either without (white bars)
or with (black bars) 5 nM NRGL1. In the graphic, for each experimental point, the migrated
cells are expressed as percentage of the total number of migrated cells. Biological triplicate
experiments were carried out in technical triplicate. Data represent means + SEM (*p 0.05,

*ekp0,001).

Figure 7 - NRG1 induces reorganization of actin cytoskeleton, which is reduced by
Eps8 silencing - A2.1 cells were transiently transfected with actin M-cherry alone or co-
transfected with actin M-cherry and 10nM scramble siRNA (CTR), or #85/86 pool of anti-Eps8
SsiRNAs (Eps8). Serum starved cells were stimulated (+) or not (-) with NRG1, and analyzed
for actin cytoskeleton organization. Three independent experiments were performed; for each
sample, at least 100 cells were scored and the percentage of cells displaying stress fiber actin
organization was calculated. Panel A - Graphic shows the media of three independent
experiments + SEM (*p 0.05, **p 0.01). Black bars=percentage of cells with actin organized
in stress fibers, white bars= percentage of cells with disorganized actin.

Panel B Representative images of cells in the different treatment conditions described in

panel A. Scale bar =20 m.

Figure 8 - Eps8 is expressed in the SVZ and along the RMS and its down-regulation
inhibits migration of olfactory bulb neuronal precursors
Panel A - Schematic representation of a sagittal forebrain slice of postnatal day 5 (P5) mice.

(a) SVZ: the SVZ of the lateral ventricle; (b) p-RMS: the posterior part of the RMS; (c) a-RMS:
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the anterior part of the RMS; (d) OB: the OB layers surrounding the a-RMS. Panel B -
Western blot analysis of total proteins extracted from mouse tissue microdissections obtained
from P5 SVZ, p-RMS, a-RMS, OB and from adult OB. The membrane was decorated with
anti-ErbB4, anti-Eps8 and anti- -actin antibodies. A band of 180 kDa represents the full
length ErbB4 receptor; the two bands of 97 and 68 KDa represent the two Eps8 isoforms. The
asterisks point to unspecific bands. Actin bands were used to assess comparable loading.

Panel C - Total protein extracts from 4 representative explants obtained from animals
electroporated in vivo with scramble siRNA (siRNA CTR) or siRNA directed versus Eps8
(SsiRNA Eps8, see material and methods for details) have been separated on a 10%
acrylamide gel and blotted on a nitrocellulose membrane. To assess Eps8 down-regulation,
the membrane was decorated with anti-Eps8 primary antibody. -actin bands were used to
assess comparable loading. Panel D - Digitalized images representative of the migration area
of SVZ explants stained with DAPI, obtained from mice electroporated with scramble siRNA
(SiRNA CTR) or siRNA directed versus Eps8 (siRNA Eps8). Scale bar: 100 m. Panel E -
Quantification of the migration area calculated on digitalized images as the surface covered
by DAPI nuclear staining, excluding the tissue explant area by means of Image J software.
The procedure has been carried out in a blind manner. The experiment was repeated three
times, using 4-5 mice for each treatment (explant number= 119 out of 15 animals for CTR
siRNA; n=104 out of 14 animals for Eps8 siRNA). Data are represented as means + SEM. T-

test was used to compare differences between treatments. ** p< 0,01 (p=0.0019).
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SUPPLEMENTARY FIGURES

Table S1 - List of modulated genes obtained by the comparison between NRG1
stimulated A2.12 ST14A cells versus NRG1 stimulated mock cells.  Cells were treated
with 5 nM NRG1 for 12 hrs prior to harvesting of RNA for analysis on Agilent Whole Rat
Genome microarrays. Rosetta Resolver error model was applied to A2.12 ST14A cells versus
mock. Values are based on duplicate arrays with dye-swap, selected genes have a Fold
Change greater than 2.

Figure S1 - Functional clustering annotation of regulated genes. The list of ErbB4-
regulated genes, obtained from microarray analysis, was analyzed using the functional
annotation clustering tool in DAVID. This tool calculates enrichment score based on the
overall EASE scores of all enriched annotation terms. Three representative clusters are
shown here; the corresponding heatmaps are shown in figure S2.

Figure S2 - Representative heatmaps of cellular motility related genes in ErbB4-
overexpressing cells. These heatmaps correspond to the functionally annotated gene
clusters, shown in figure S1. Green color indicates the relationship of a gene with a particular
Gene Ontology (GO) term.

Figure S3 - Protein network in ErbB4-expressing cells. The list of gene products (Table
S1), obtained from gene expression profiling experiments, showing 2 fold or greater
overexpression in ErbB4 expressing cells, was analyzed using Metacore software. Here is
shown one representative network containing ErbB4 and some regulated genes involved in
cell migration. As indicated in the legend, red spots correspond to up-regulated, blue spots to
down-regulated genes.

Table S2 - List of candidate genes analyzed by quantitative RT-PCR (QRT-PCR) - Gene

expression regulation of all genes, except MsIn and Tmsbl1, was validated by gRT-PCR.
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