SIGNALLING molecules are thought to play a significant
role in determining the fate of neural crest progenitor
cells. The human sympathetic chain was identified at 6.5,
7.5, 8.2, 10.2 and 11.4 postconception (PC) weeks demon-
strating low affinity nerve growth factor (NGF) recep-
tors, and was processed for tissue culture. In the presence
of epidermal growth factor (EGF), floating spheres of pro-
liferating Frogenitor cells were developed in vitro, In the
absence of EGF progenitor cells differentiated into tyro-
sine hydroxylase (TH)-immunoreactive neuronal and
TH-negative flat cells. NGF treatment significantly
increased neurite outgrowth and survival of TH-immu-
noreactive cells. The multipotent cells we isolated differ
from previously reported sympathoadrenal progenitors
in that they give rise to TH immunoreactive neurones pre-
cociously sensitive to NGF.
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Introduction

Sympathoadrenal (SA) lineage is a neural crest
derivative that has been investigated in detail.' It differ-
entiates to form sympathetic neurones, the adrenal
gland primordia (then chromaffin cells) and the small
intensely fluorescent (SIF) cells. A peculiar feature of
these cell types is their ability to be phenotypically
interconverted by specific environmental signals.2 The
plasticity is supposed to reflect the development froma
common embryonic progenitor cell.’* NGF, along
with glucosteroids, is one of the most important
environmental determinants of the cell fate in vivo.***
Recently, investigators were able to establish a v-myc-
immortalized SA progenitor cell line’ and isolate a
common stem cell for neurones and glia from the mam-
malian neural crest.”

The purpose of the present study was to obtain
EGF-responsive progenitor cells from the human
developing sympathetic autonomic chain, according to
the experimental procedure described for the murine
central nervous system by Reynolds and Weiss."" Spe-
cific features such as TH expression and early NGF
response with neurite outgrowth and increased sur-
vival, were used as specific functional assays for the

neural derivatives obtained from the EGF-dependent
progenitor cells we were able to isolate.”

Material and Methods

Human embryonic tissues were obtained from
patients undergoing therapeutic abortions according
to the current Italian laws. The Institutional Ethical
Committee approved the experiments and informed
consent from the patients was obtained.

Staging of human embryos: The age of the embryos was
determined by preoperative ultrasound scanning,
which allowed a good estimation of embryonic crown-
rump length (CRL) and staging before the embryo was
obtained by suction abortion. Other distinguished fea-
tures, such as foot length, hand morphology, last men-
strual period (LMP) and staging of development
according to the Carnegie Collection criteria’® were
recorded for embryos younger than PC week 8. For
PC age > 8 weceks, donors were staged by LMP and
CRL as determined ultrasonically in utero.'* Sono-
graphic measurements were able to predict the ges-
tational age from 8.0 to 12.6 weeks with an accuracy of
* 4 days."** The age of the embryos was estimated by a



combination of the above features and expressed as a
PC week. PC weeks and days were derived from CRL
values as previously reported.’

Localization of the ganglia in the sympathetic auto-
nomic chain by fluorescence microscopic detection of the
low affinity NGF receptors (p”¥'®): Specimens were
immediately immersion-fixed for 12-24 h in 4% para-
formaldehyde, rinsed, cryoprotected in increasing
sucrose concentration (7-15%), and frozen in ethanol-
liquid nitrogen. Spinal cord, dorsal root ganglia and
sympathetic ganglia were shown in the same specimen.
Frozen 16 um horizontal sections were cryostat sec-
tioned (Top Cryo E, Pabisch) and treated for immuno-
histochemical studies. For the low affinity p7-NGHt
localization, two specific monoclonal antibodies
anti-p™NS* (from clones ME 20.4 (Amersham) and
8211 (Boehringer Mannheim, IN) respectively) were
used. Sections were washed with PBS, overlaid with
mouse anti-p”~** diluted 1:50 in PBS overnight at
4°C, washed with PBS, added with FITC anti-mouse
IgG (1:40in PBS) for 1 hat 4°C, and then washed three
times with PBS and mounted. Sections were examined
on a Zeiss transmitted-light photomicroscope 111
equipped with an epi-fluorescence condenser.

EGF-dependent progenitor cell isolation in vitro: To
obtain SA cells, specimens at PC week 6.5,7.5,8.2,10.2
and 11.4 were collected in sterile Hank’s balanced salt
solution, pH 7.4 (Gibco) and immediately processed
for tissue culture. The SA system was isolated using a
sterile technique, under an inverted microscope. After
careful dissection of the nervous tissue from meninges,
vessels and any other contaminants, sympathetic gan-
glia were isolated and immediately cutinto pieces using
scissors. Tissues were then added with Dulbecco’s
modified Eagle’s medium and F12 nutrient (1:1, v/v;
Sigma) supplemented with antibiotics and glucose (5
mg I'). A defined hormone and salt mixture (defined
supplements) that included insulin (25 ug ml™), trans-
ferrin (100 ug ml-') progesterone (20 nM), putrescine
(60 uM), and selenium chloride (30 nM) was used in
place of serum. Trypsin (II, Sigma) at a low concen-
tration (0.08%, v/v) was used to facilitate cell dis-
sociation. Tissues were incubated for 15-20 min at
36.5°C in 5.5% CO,, before trypsin was removed. Dis-
persed cells were centrifuged (500 x g for 10 min) for
pellets and resuspended in DMEM/F12 and gently dis-
sociated by trituration with Pasteur pipettes of pro-
gressively smaller bore size. Dispersed cells were then
plated without any attachment factor. An average
viable cell number of 4 x 10* was obtained from a single
ganglion. Ten thousand cells were plated in a 16 mm
dish in DMEM/F12 medium with defined sup-
plements and 20 ng ml-* human recombinant epidermal
growth factor (EGF, Boehringer Mannheim, IN) in the
absence of serum. After 8-10 days i vitro, floating cell
clusters (spheres) were collected, centrifuged at 500 x g

for 10 min, resuspended in EGF-free medium and then
mechanically dissociated to single cells. Isolated EGF-
dependent progenitor cells were subcultured in the
presence of EGF-DMEM/F12 with defined sup-
plements to obtain second passage spheres (repeated
passages). Spheres were subsequently dissociated to
single cells and plated ata clonal density of 100 * 6 cells
on 35 mm Falcon dishes, pre-coated overnight with
poly-L-lysine (mol wt 90 000-120 000, 10 ug ml' in
0.15 M sodium borate buffer, pH 8.4). Cultures were
incubated at 36.5°C in a humidified atmosphere of
5.5% CO,. Every 2-3 days half of the medium was
removed from each well and replaced with an equal
volume of fesh medium (DMEM/F12) with defined
supplements, in the absence of EGF.

NGF treatment of the progenitor cells and morphologi-
cal evaluation: 7S NGF (30 ng ml*' final concentration,
Sigma) was added to the cultures on the first in vitro
day, 2 h after plating. Cells were observed every 46 h
using an inverted microscope for the first 24 h. Cell
counting was performed after 6 and 12 days in witro
using an inverted microscope with phase contrast
objectives and a high numerical opening, magnification
x 320, Selected areas of each well (approximately 7% of
the 35 mm well surface) were scanned for the presence
of phase-bright cells with/without neurites at 6 and 12
days in vitro to determine both survival rates (number
of neurones which have survived in the presence/
absence of NGF) and the percentage of neurones with
neurites (processes more than a cell diameter in length).
Approximately 500 viable EGF-dependent progenitor
cells (clonal lines) were monitored between 0 and 12
days i witro both in NGF-treated and control
cultures.

Immunocytochemistry of progenitor cells in culture:
Progenitor cells were fixed with 4% paraformaldehyde
for 1 h and permeabilized with 0.1% Triton X-100 for
30 min. After adding goat serum, cultures were incu-
bated with an anti-TH monoclonal or polyclonal anti-
body (monoclonal from Incstar and polyclonal from
Eugene Tech, 1:100 and 1:500 dilution, respectively)
and, subsequently, with goat FITC conjugated anti-
mouse IgG (1:100) (bioYeda). Progenitor cells were
fixed both after 0 days in witro, immediately after
attachment (2-3 h), and at 6 days in vitro.

Results

From PC week 6.5 to 11.3 p”*N“** immunoreactivity
was localized in the ganglia of the sympathetic auto-
nomic chain symmetrically positioned in front of the
vertebrae. Three anatomical regions were analysed
(cervical, dorsal and lumbar spinal cord) and p7*-NGI®
was found in all of them in correspondence to the
primitive sympathetic chain. Anatomical landmarks
such as vertebral bodies were used for dissecting sym-
pathetic ganglia (Fig. 1). p’*N%'® expression was also



FIG. 1. Micrographs of a sympathetic autonomic chain ganglion (sg) at
PC week 8.5 showing immunofluorescence staining for p™“%*", Ana-
tomical landmarks (vertebral body, vb) were used to localize the sym-
pathetic chain before dissection. Magnification: x 70.

found in the dorsal root ganglia and in the grey matter
of the ventral spinal cord (data not shown). Dissociated
sympathetic cells were obtained from PC weeks 6.5 to
11.4. In the presence of DMEM/F12 with defined sup-
plements and EGF, floating spheres of proliferating
cells were easily identified by contrast microscopy
after 8-10 days in vitro, regardless of gestational age
(Fig. 2). Second passage spheres were used for cell dis-
persion. Dissociated EGF-dependent progenitor cells
were plated in the presence of an attachment factor,
poly-L-lysine. One hour after plating, progenitor cells
were attached to the substrate. TH immunoreactivity
was present soon after attachment (1-2 h; Fig. 3).
Approximately 500 viable progenitor cells (clonal
lines) were monitored in both NGF-treated and
untreated control cultures. At 1 day in vitro, all viable
cells (phase-bright, regular membrane, no granular
deposits) were classified in two different cell types: flat,
non-neuronal protoplasmic cells and cells with a
phase-bright cell body and neuronal-like processes
(Fig. 4A, B).

In all the progenitor clones, TH immunoreactivity
was present in all of the sympathetic phase-bright neu-
ronal-like cells. No TH immunoreactivity was

FIG. 2. Second passage floating clusters (spheres) of hrEGF-dependent
progenitor cells after 8-10 days in vitro. Magnification: x 5§5.

FIG. 3. TH immunoreactivity of hrEGF-dependent progenitor cells 2 h
after attachment after sphere dispersion. Magnification: x 275.

observed in flat, protoplasmic, presumably glia, cells.
Furthermore these cells tended to proliferate. Each
clonal line (500 x 2 progenitors) we monitored gave rise
to both cell phenotypes that tended to grow in close
cellular interaction in 57 * 7% s.d. of the clones. At 6
days in vitro after sphere dispersion, the percentage of
surviving neuronal cells was 37 = 8% in the controls
and 89 * 4% in the NGF-treated cultures (Fig. 5A).
The number of surviving neurones at 12 days in vitro
was further reduced in untreated (22 = 3%) compared

FIG. 4. Effect of NGF on neurite outgrowth: control (A} and NGF (30 ng
mi-') (B) treated cells after 6 days in vitro after sphere dispersion. In the
control (A), 8 neuronal-like cells (arrow) without neurite outgrowth is
shown. Flat non-neuronal protoplasmic cells were derived from the
common EGF-dependent progenitor. Magnification: x 110.



with NGF-treated cultures (69 * 4%). An average of
67 * 8% cells showed extensive neurite outgrowth
after NGF treatment compared with the 8 = 3% of the
controls (Figs 4B, 5B). Neurites of the NGF-treated
neurones tend to fasciculate and TH immunoreactivity
was demonstrated both in the soma and along the cell
processes (Fig. 6A, B).

Discussion

This study demonstrates that it is possible to isolate,
after a few days in vitro, an EGF-dependent sympa-
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FIG. 5. (A) Surviving neurones after 6 days in vitro (after sphere disper-
sion): NGF treatment compared with controls. (B) Effects of NGF on
neurite outgrowth (more than one cell diameter in length) evaluated at
6 days in vitro after sphere dispersion.

thetic progenitor cell from human embryos, which can
potentially differentiate into at least two different cell
phenotypes in the presence of attachment factor(s).
The neuronal-like cells we obtained from the EGF-
dependent progenitor cell were already committed
(early immunoreactivity for TH) and promptly
responded to NGF in vitro with both neurite extension
and increased survival.

At the gestational age we considered, the SA system
already migrated to the adrenal gland, originating
chromaffin cells.” On the other hand, the EGF-
dependent progenitor cell does not represent a late
stage in neural crest cell differentiation because it
retains the ability to generate other neural crest deriva-
tives such as non-neuronal cells.'* However, its be-
haviour is different from that already reported for SA
progenitors both from embryonic adrenal glands that
were initially unresponsive to NGF,' and from the SA
progenitor cell line MAH (v-myc-infected, adrenal
derived-HNK-1- positive cells) that failed to respond
to NGF.*

Different molecules, including basic fibroblast
growth factor (FGF), interleukin-6, IGF-1 and VIP,
have been reported to induce initial neuronal differen-
tiation of SA progenitors.'* Furthermore, FGF and
neurotrophin-3 were recently reported to induce NGF
responsiveness of SA progenitors after induction of the
p'“trk receptor expression.”* Our results suggest that

FIG. 6. TH immunoreactivity of NGF stimulated sympathetic neuronal
cells at 6 days in vitro after sphere dispersion. (A} phase contrast; (B) TH
staining. Magnification: x 140.



pretreatment with EGF may be one of the factors
responsible for the induction of early NGF sensitivity
in human sympathetic progenitors, after quantitative
modulation of signal transduction through growth fac-
tor receptors.

The repertoire of neurotransmitter fates available to
the EGF-dependent SA progenitor cell seems to be re-
stricted to the catecholaminergic type, unlike that
reported for other SA progenitors such as MAH cells,
that have serotonergic as well as cholinergic and cat-
echolaminergic potentials.** Dopamine-B-hydroxy-
lase (DBH) was demonstrated in the TH-
immunoreactive cells after double staining (data not
shown). Recent studies on the promoter region of the
DBH gene mapped the location of DNA sequences
necessary for the transcriptional regulation of the
DBH gene.”* This information appears relevant to
produce engineered dopaminergic sympathetic neu-
rones. These cells may be used for brain grafting in the
treatment of neurodegenerative diseases characterized
by selective impairment of the dopaminergic system,
such as Parkinson’s disease.

Conclusions

This report shows that EGF can be used to selec-
tively induce the proliferation of multipotent progeni-
tor cells from the human embryonic sympathetic
chain. These cells can differentiate into NGF-respond-
ing neuronal cells. The reported method may be used
to obtain a large number of catecholaminergic human

cells in order to better define the effects of genetic and
epigenetic influences on the SA cell fate definition.
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